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PREFACE 

TO FIRST EDITION, 1872. 


S HOULD experts in engineering complain that they do not find 
anything of interest in this volume, the writer would merely 
remind them that it was not his intention that they should. The 
book has been prepared for young members of the profession : and 
one of the leading objects has Wn to elucidate, in plain English, a 
few important elementary jirinciples which the savaute have envel- 
oped in such a haze of mystery as to render pursuit hopeless to any 
but a confirmed mathematician. 

Comparatively few engineers are good mathematicians ; and in 
the writer’s opinion, it is fortunate that such is the case ; for nature 
rarely combines high mathematical tolent, with that practical tact, 
and observation of outward things, so essential to a suceessfui 
engineer. 

There have been, it is true, brilliant exceptions ; but they are 
very rare. But few even of those who have been tolerable mathe^ 
maticians when young, can, as they advance in years, and become 
engaged in business, spare the time necessary for retaining such 
accomplishments. 

Nearly all the scientific principles which constitute the founda- 
tion of civil engineering are susceptible of complete and satis- 
factory explanation to any jierson who really |) 0 .ssesses only so much 
elementary knowledge of arithmetic and natural philosophy as is 
supposed to be taught to boys of twelve pr fourteen in our public 
9 chools.* ^ 

*Let two little boys weigh each other on a platform scale. Then when they 
balance each other on their board see-saw, let them see (and measure for them- 
selves) that the lighter one is farther from the fence-rail on which their board la 
placed, m the same pro}K)rtion a.H the heavier boy outweighs the lighter obe. 
They will then have learned the grand principle of the lever. Then let them 
measure and see that the light one see-saws farther than the heavy one, in the 
same proportion ; and they will have acquired the principle of virtual veloeUiet. 
£xplain to them that eoualilu qf momntt means nothing more than that wbeo 

V 
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The little that is beyond this, might safely be intrusted to the 
savants. Let them work out the results, and give them to the engi- 
neer in intelligihle language. We could afford to take their ■words 
for it, becaiiHc such things are their specialty ; and because we 
know that they are the best qualified to investigate them. On the 
same principle we intrnst our lives to our physician, or to the 
captain of the vessel at sea. Medicine and seamanship are their 
respective specialties. 

If there is any p<jint in which the writer may hope to meet 
the approbation of proficients, it is in the accuracy of the tables. 
The pains taken in this respect have been very great. Most of the 
tables have been entirely recalculate<l expressly for this book ; and 
one of the results has been the detection of a great many errors in 
those in common use. He tnists that none will be found exceed- 
ing one, or sometimes two, in the last figure of any table in which 
great accuracy is required. There are many errors to that amount, 


they seat themselves at their measurc«l di.stanccs on Iheir sec-saw, they balwice 
each other. Let tliein see that tlie weight of the heavy boy, when multiplied by 
his distance in feet from tiic fence-rail amounts to just as much as the weight of 
the light one when niuiiiplled by his distance. Explain to them that each of 
the amounts is in Jooi-pounds. Tell them that the lightest one, because he see- 
saws so much faster than the other, will bump against the ground just as hard as 
the heavy one ; and tliat this means that their momentxms are equ(U. The boys 
may then go in to dinner, and probably puzzle their big lout of a brother who 
has just pa.sscd through college with high honors. They will not forget what 
they have learned, for they learned it as play, without any ear-pulling, spanking, 
or keeping in. Let their bats and balls, their marbles, their swings, Ac, once 
become their philosophical apparatus, and children may be taught (really taught) 
many of the most important principles of engineering before they can read or 
write. It is the ignorance of these principles, so easily taught even to children, 
that constitutes what is popularly called “ The Practical Engineer ; ” which, 
in the great majority of coses, means simply au ignoramus, who blunders along 
without knowing any other reason for what he does, than that be has seen it done 
so before. And It is this same ignorance that causes employers to prefer this 
practical man to one who is conversant with principles. They, themsexves, were 
spanked, kept in, Ac, when boys, because they could not master leverage, equality 
of moments, and virtual velocities, enveloped in x’s, p’s, Greek letters, square- 
roots, cube-roots, Ac, and they naturally set down any man as a fool who could. 
They turn up their noses at science, not dreaming that the word means simply, 
knowing why. And it must be confessed that they are not altogether without 
reason ; for the savants appear to prepare their books with the express object oi 
preventing purchasers, (they have but few readers,) from learning why. 
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especially where the recalcnlation was very tedious, and where, 
consequently, interpolation was resorted to. They are too small to 
be of practical importance. He knows, however, the almost impos* 
sibility of avoiding larger errors entirely ; and will be glad to be 
informed of any that maybe detected, except the linal ones alluded 
to, that they may be corrected in case another edition should be 
called for. Tables which are absolutely reliable, possess an in* 
trin8i(! value that is not to be measured by money alone. With this 
consideration the volume has been made a trifle larger than W'onld 
otherwise have been necessary, in order to admit the stereotyped 
sines and tangents from his book on railroad curves. These have 
been so thoroughly compared with standards ])repared independ- 
ently of each other, that the writer believes them to be absolutely 
correct. 

In order to reduce the volume to pocket-size, smaller type hai 
been used than would otherwise have been desirable. 

Many abbreviations of cxunmon words in frequent use have been 
introduced, such as abut, cen, diag, hor, vert, i>res, &c, instead ot 
abutment, center, diagonal, horizontal, vertical, pressure, &c. They 
can in no case lead to doubt ; while they appreciably reduce the 
thickness of the volume. 

Where prices have been added, they are placed in footnotes. They 
are intended merely to give an approximate or comparative idea of 
value ; for constant fluctuations prevent anything farther. 

The addresses of a few manufacturing establishments have also 
been inserted in notes, in the belief that they might at times be 
found convenient. They have been given without the knowledge 
of the proprietors. 

The writer is frequently asked to name good elementary books 
on civil engineering ; but regrets to say that there are very few 
such in our language. “Civil Engineering," by Prof. Mahan of 
West Point ; “ Roads and Ptailroads," by the late Prof. Gillespie ; 
and the “ Handbook of Railroad Construction," by Mr. George L. 
Vose, Civ. Eng. of Boston, are the best. The writer has reason tc 
know that a new edition of the last, now in press, will be fai 
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superior to all predecessors ; and better adapted to the wants of 
the young engineer than any book that has appeared. 

Many of Weale’s series are excellent. Some few of them are 
behind the times ; but it is Uj be hoped that this may be rectified 
in future editions. Among pocket-books, Haswell, Hamilton’s 
Useful Information, Henck, Molesworth, Nystrom, Weale, &c, 
abound in valuable matter. 

The writer does not include Rankine, Moseley, and Weisbacli, 
because, although their liooksare the productions of master-minds, 
and exhibit a profundity of knowledge beyond the reach of ordi- 
nary men, yet their language also is so profound that very few 
engineers can lead them. The writer himself, having long since 
forgotten the little higher mathematics he once knew, cannot. To 
him they are hut little more than striking instances of how com- 
pletely the most simple facts may be buried out of sight under 
heaps of mathematical rubbish. 

There is no table oi errata, because no errors are known to exist 
except two or three of a single letter in 8|>elling ; and which will* 
probably escajie notice. 

John C. Tkautwtinb:. 


Philadelphia, November 13th, 1871. 



FROM PREFACE 

OF TWENTIETH EDITION, 1918. 


As in our preceding editions, all new work and all revisions have 
been the subject of our personal attention, and “scissors-and-puste” 
methods have been scrupulously avoided. 

As in all cases heretofore, every rule and every formula and every 
description of methods, etc., can be readily understood by anyone, 
engineer or layman, uiiderslandmg the use of common and decimal 
fractions, of roots and powers, of logarithms, and of elementary plane 
trigonometry. On the other hand, one who is not possest of this 
very meagre stock of mathematical knowledge will hardly approai'h 
engineering problems, even as an amateur . . . 

. . . Extraordinaiy' precautions have been taken for the protection 
of our readers against the occurrence of typographical and other 
errors. In this, as in previous editions, special attention has been 
given to the matter of typography, which, like other steps in manu- 
facture, has been under our own direct personal control. This 
includes the preparation of illustrations . . . 

The manuscript was thoroly checkl before it was sent to the 
printer. The first proof w^as minutely read by ourselves, as well as 
by the printer. In this work we used a new apparatus, of our own 
invention, to facilitate the verification of punctuation, of bold and 
italic characters, etc. Another device of our own was used in com- 
paring successive proofs, to detect any accidental shifting of type 
matter.*. . . 

John C. Trautwine Jr. 

John C. Trautwine 3d. 

Philadelphia, August, 1918. 
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MATHEMATICS. 


MATilKiWATirAL NY1WR01A. 

•f- Plas, poBitivo, add. 1.414 f 1.414 f uther deciiOalSb 

— > Minus, negative, siihtraet. 

■i Plus or uniius, jiositive or negative. Thus, \ a- - ± a. 

> Minus or jilu''. 

X Multiplied liy, times. Tluih, x X y x.y x y ; 8 X 4 12. 


/J 


Mdvided by. Tlius, a — b a : b — - a/b 


b 


Propori Kill 'I'liiis, a : b : : c : d, as u is to b. so is c U> (A 
Pqmils, is ecpiiil to 
Is greater than 'J'liiis, (> > 5. 
is Joss than. Tims, 5 < 6. 

Is not eipial lu 
Is gieatei or less than. 

Is not greater than. 

Is not less than. 

Is equal to or greater than. 

Is equal to or less than. 

Is pro]K)rtioiial to, varies with. 

Inliniiy. 

Is peipendicular to. 

I Angle. 

Is similar to. 

I Is parallel to. 

VV Kootof. Thus, ]/aor |/o’=*8quarerootota, |/a~=3dorcuDerootof 

“ J a - «th rtMit of a. 

Parenthesi.s. I 

Brackets. ! Quantities enclosed or covered by the symbol are to be 
] taken together. 

-Vinculum. J 
Since, because. 

Hence, therefore. 

° Degrees. 

' Minutes of arc,* feet. 

Seconds of are,* inches, 

' " etc. Prune, second, third, etc. Distinguishing accents. Thus, 41 
a prime', a", « second, etc. 

Cireuinterenee r • • . 

ir — , 3.1415926.'5 1 , arc of semicircle, or 180°. 

Diameter 

Fi, Modulus of elasticity. 

e «, Base of Napierian, natural or hyjxirbolic logarithms = 2.718281828, 
g, Ac(*eleration of gravity - approximately ,'{2.2 feet per secoud per second ; 
approximately 9 81 meters per second iier second. 

* Minutes and seconds of time, formerly also denoted by * and ^ 
noted by m and s, or by min and sec, resp^tiTtly. 

3 33 
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GREEK ALPHABET. 


THE GREEK ALPHABET. 

This alphabet is inserted for the benefit of those who have occasion to consult 
scientific works in which (neek letters are used, and w ho find it inconvenient 
to ineiuonze the letters 


Greek letters. 




__ 

Small 

Name. 

Approximate 

equivalent. 

Commonly used to de.signate 

Capital 


i 

A 

a 

Alpha 

a 

Angles, Coefficients. 

B 

P 

beta 

b 

“ 

r 

y 

Gamma 

g 

“ “ Specific gravity. 


s 

Delta 

d 

1 “ “ Density, Variation 

/ Base of hyperbolic logarithms 

£ 

4 

f.psilou 

e (short) 

, -1 2.7182818. 

■ ^Kcceii tricity in conic sections. 

Z 

< 

Zeta 

z 

1 Co-ordinates, Coefficients. 

H 

V 

Kta 

e (long) 


® i 


Theta 

tb 

1 Angles. 

* 

1 

Iota 

i 


K ! 

K 

Kappa 

h 


^ 1 

A 

I.atuhda 

1 

Angles, Coefficients, Latitude. 

M I 

M 

Mu 

m 

“ “ 

N 

y 

Nu 

n 


B 

t 

XI 

X 

Co-ordinates. 

0 1 

0 

Ouiicron 

o (short) 


11 ! 

n 

Pi 

P 

Circumference t diameter.* 

** i 

P 

Kho 

r ! 

Radius, Ratio. 

2 

<rv 

Sigma 

s ! 

, Distance (8pace).t 

T I 

T 

Tail 

t 

Temperature, Time, 

Y 

V 

Upsilon 

u or y 


« 1 

4^ 

Phi 

ph 

Angle.s, (’oelficlents. 

^ 1 

\ 

Chi 

ch 




Psi 

ps 

Angles 

n 1 

w 

Omega 

o (lom^) 

Angular velocities. 


* The small letter w (pi) is universally employed to desipnate the number ol 
times (— tt.l415926n . . .) the diameter of a circle is contained in the circum- 
ference, or the radius in the semi circumference. In the circular measure of 
angles, an angle Is designated by the numiier of times the radius of anv circle is 
contained in an arc of the same circle subtending that angle, n then kands for 
an angle of 180° (= two right angles^ because, in any circle, n X radius — the 
semi-circumference 

The capital letter n (;m) is used by some mathematical writers to indicate the 
product obtained by multipiying together the numbers 1, 2, 8, 4, 5 . . . etc., ep to 
any given point. Thus, n 4 = 1 X 2 X » X 4 == 24. 

t The capital letter 2 (ximiu) is used to designate a mm. Thus, in a system 
of parallel forces, if we call each of the forces (irrespective of their amounts) F, 
then their resultant, which is equal to the (algebraic) sum of the forces, may be 
written R = 2 F. 
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AEITHMETIO. 


FACTORS AND MULTIPLES. 

(1) Factors of any number, m, are niiiubers whose product is = n. Thus, 
17 and 4 are factors of 68 , so also arc 34 and 2 ; also 17, 2, and 2. 

(2) A prime number, or prime, is a uumiter whicli has no factors, 
except itself and 1 ; as 2, 3, 5, 19, 2:t3. 

(3) A common factor, common divtNor or common measure, 

of two or more numbers, is a number winch exactly divides each ol them. Thus, 
8 is a comuion divisor of 6, 12, and 18 

(4) The hiifliestt eoniiiion factor or g^reateMt common divisior, 

of two or more numl>era, is callcHi tlieir 11. i\ F. or tlieir fii. F. IK Thus, 6 is 
the H. C. F. of 6, 12, and 18. 

(CS) To find the If. i\ F. of two or more numlK'rs ; find the prime factors 
of each, and multiply toKcllicr those factors which are common to all, taking 
each factor only once. Thus, requited tlie H. C. F. ol 78, 126, and 234. 


78 2 n: 3 V la 

126 2 . 3 >. 3X7 

234 - 2 3 X 3 X 13 

end H. C. F. « 2 X 3 = 6. 

(6) To find the If. F. F. of two large numbers; divide the greater by the 
less; then the less by the reniaindei, A; A by the second remainder, Ji; B by 
the third remainder, C ; and so on uni il there is n<i remainder. The last divisor 
is the H. (j. F. Tims, requited the 11. C. F. of 675 aud 782. 


675)782(1 

_575 

A 207)575(2 
J14 

B 161)207(1 

0 46)161(3 
138 

D 23)46(2 IL C. F. 1) - 23. 

46 

0 

(7) A common mnitiple of two or more numliers is a number which il 
exactly divisible by each of them. 

(H) The least conimoii mnitiple of two or more numbers is called 
their L. F. D. 

(tf) To find the E. €'. M. of two or more numbers ; 6nd the prime factors 
of each. Multiply the factors together, taking each as many times as It is con- 
tained in that number in which It is oftenest repeated. Thus, required the 
L. C. M. of 7, 30, and 48. 

7-7 

30 = 2 X 3 X 6 
48-2x2X2x2X8 

" L. C. M. - 7 X 2 X 2 X 2 X 2 X 8 X 5 - 1680. 


(10) To find the L. C. M, of two large numbers; find the H. C. F., m 
above ; and, by means of it, find the other factors. Then find the product of the 
factors, as before. Thus, required the L. C. M. of 676 aud 7^ As above. 

H.C.F. -23; ™-25; and^-34. Hence, 

675 - 23 X 26 
782 - 23 X 84 

tod L. C. M. - 23 X 25 X 34 - 19,660. 


FBACTIONN. 

(1) A common denominator of two or more fractions is a common 

multiple of their denominators. 

(2) The least common denominator, or 1*. €• D., of two or man, 
fnouons is the L. C. M. of their denominators. 
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(8) To reduce to a common denominator. Let 

N ^ the new numerator of any fracttou 
n ~ JtH old numerator 
d itH old denominator 
C » the common denominator 


Then 






Thus, J 

I 5 7 

P V T 

C -- L. C. M, of denominators 

= 24. 


S 


8X6 18 _ 

5 fi > 4 

20. 

7 7X3 

4 ' 


■‘4X6 "24’ 

6 ■" 6 X 4'" 

' 24’ 

8 8X3 


21 

24* 


If none of the denominators have a common factor, then C— tbcprodnctof all th| 
lenominators, --- the product, I\ of all the o(/ier denominators, and N — P n 

Thus, -J, C = 84 

2 2 V 4 5 fi 1 _ LX _ 2 1 . 5 _ 5 X 3 \M _ e 0 

8 ■ 84 ¥¥’4 84 “ 8¥'7 84 ” 


(4) Addition and Snbtrnetioii. If necessary, reduce the fractious to 
a common dtmoiuinator, tiie lower the bettei. Add or subtract the numerators. 
Thus, 


4 4 -- 2 
^ 2 ■ 2 


,r, .27.20_47 - ill. 
' -<i - aft + a.r " ^ ‘ 8 g' 


86 

1 


3 _ 1 2 _ 1 . 3 2 7 _ 2 0 - J . 7 

-4- - -4- - 4-2.4- 9 - 36 -- ir6 ’ ¥ 


7 _ 6 _ 1 
6 J T 

(5) M II Ui plication. Multiply together the numerators, also the deuomi- 
nators, cancciriiig where possible. IIims. 


1 V 1 - 1 • 8 

7 X 2 - -4-. ? . 


1 8 . 3 ■y' •* V 

i ' ’ 4 X '9 X 


_ 5 . 
~ Tf » 


. 2 5 V 3 - JL3 S 
■ 7‘ X ^ - 2T 


-20, 2 V 3 2 . 

'»2T» '8 X 5 


4 of of '3 i - 'I X ^ X -g X I'. 
<•) Division. Invert the divisor and multiply. Thus, - 




3 ^ r, . 

4 • § 


3_1_3v4_3 
1 . 4 • 4 - 4 X y - y 

V 9 - 27 - 1 7 . 

' 3_ 


s; 


■¥-l-¥x-i = 4x-j -¥-4. 
5-i= = x|-¥ 5r 


(7) A fraction is said to be in its lowest terms, or to be «implified« 
when its numerator aud denominator have 110 coramou factor. Thus, 

simplified = 


(8) To reduce to lowest terms. Divide numerator and denomiiuitoi 
bj their H. C. F. Thus, required the lowest terms of 

34 34 + 17 2 
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DECIMALS. 

(9) Mnltlpllcation. The product has as many decimal places as the 
factors combined. Thus, 

Factors: 100 X » X 3,5 X 0.004 X 46r).I!l - 1053 882000 

Number of decimal places: 0 1-0+1+ 8+ 2 - 6 

(10) Division. The number of decimal places in thequoiiciit ^ those in 
the dividend minus those in the divisor. Thus, 

4 * 4 4 ’ 0.0021 0 0021 ’ 

When the divisor is a fraction or a mixed number, we may multiply lioth 
divisor and dividend by the lea.st jiower of 10 which will make the divisor a 
whole number. Thus, 

2 679454 2(;.?i4.M 

“0^0062 62' ' 

(11) To reduce a common fraction to decimal form ; divide 




the numerator by the denominator. Thus, = 0.8 ; l|^ = ^ 


» 1 . 6 . 


Table 1. Decimal cqnlvalentM of common fractionsi. 


Still 1 

lethh 

n2d8 

(Mtha j 


8tha 

IBths! 

82ils 

' 

Githi 1 





1 

.015625 




33 1 

.515625 



1 

2 

.03125 


' i 

! 17 

34 

..53125 




3 

.046875 


1 


35 

.546875 


1 1 

2 

4 

.0625 


9 1 

18 

36 

.6626 




5 

.07H125 




37 ' 

.578125 



3 

6 

.09375 



19 

38 

.59375 




7 

.1(K)375 




39 

.609375 

1 

2 

4 

8 

.125 

5 

10 

20 

40 

.625 




9 

.140625 




41 

.640625 



5 

10 

.15625 



21 

42 

.6.5626 




11 

.171875 




43 

.671875 


3 

6 

12 

.1875 


11 

22 

44 

.6875 




13 

.203125 




45 

.703125 



7 

14 

.21875 j 



23 

46 

.71876 




1.5 

.2.34375 




47 

.7:M375 

i 

4 

8 

16 

.25 

6 

12 

24 

48 

.75 




17 

.26.5625 




49 

.765625 



9 

18 

.28125 



25 

60 

.78125 




19 

.296875 




51 i 

.796875 


5 

10 

20 

.3125 


13 

26 

62 

.8125 




21 

.328125 




53 

.828125 



11 j 

22 

.34376 



27 

54 

.84375 


0 


23 

.359375 




65 

.a59375 

8 

6 

12 

24 

.375 

7 

14 

28 

66 

.8J5 




2,5 

.390625 




67 

.890625 



13 

26 

.40625 



29 

68 

.90625 




27 

.421875 




59 

.921875 


7 

14 

28 

.4375 


15 

30 

60 

.9375 




29 

.453125 




61 

.953125 



15 

30 

: .46875 



31 

62 

.9687,5 




31 

.484375 




63 

.984376 

4 

8 

16 

82 

.5 

8 

16 

32 

64 

1. 


(12) To reduce a decimal fraction to common form. Supply 
the denominator (1), and reduce the n-suliiiig fraction to its lowest terms. Thus: 
0 26 «®25 2.5 ^ 7-. ^3, 0 890625 =. ®*^25 67 

® 1.00 100 4’ ® 100 4’ joooood 64 * 
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(13) Recariinff, clrcnlating^, or repeating' decimals are those ii 

which certain digits, or series of digits, recur indefinitely. Thus, -I- = 0.8338....! 

and so on ; 4^ » 1.428571428571 and so on. Recurring decimals may be in* 

dicated thus: 0.8, 1.428571 ; or thus: 0.*3, 1. *428571. 


RATIO AND PROPORTION. 

(1) Ratio. The ratio of two quantities, as A and B, is expressed by their 
qaotient, ^ or 5 Thus, the ratio of 10 to 5 is — 2 ; the ratio of 5 to 10 


’ B A* 

’ fV “ 1 


A* 


(2) Duplicate ratio is the ratio of the'syttores of numbers. Thus, g-j 
is the duplicate ratio of A and B. 

(3) Proportion is equality of ratios. Thus, ^ — 2. 

In the figure, whicli represents segments. A, B, C, and 1), between parallel lines} 

Ii 

(4) The first and fourth terms, A and !>, are called the ewtremes, and the 
second and third, B and (', me called the incanN. The tinst term, A or C, 
of each ratio, is called tlie antecedent, and the second tenn, B or D, is called 
the conac<|nent« D is called tiie fourth pro|>ortional of A, B, and C. 

(5) In a proportion, A : B — C : 1>, we have: 

Product of extremes - product of means. AI)=“BC. 

A C A B 

Alternation. — * — 


B 


b’ c h‘ 

1) B A D 


Invmlo... I - -yi 5 - ci B 


Composition. 


A 


tM . s A - C - D 
Division. — =* 

Composition and division, - 

We have, also ; 

mA A C «A nCwA 

i^B ” B b ^ tTb “ »"I>’ « B ’ 

(6) If, in the proportion, A : B — C 
m : D, or ~ or »» * — A P, or w — |/a P. 



Ii, ni is called the mean proportional between A and D, 

third prop4»rtional of A and m. 

A continued proportion is a series of equal ratios, as . 


(7) In such cases, 
loa bis called the 


A:B=*C;D = E;F,etc.^R; or 
In continued proportion, 

A -f- C E 4" etc. A 
BTP + F~+ etc. ““ B 
A' C' A" C'' 


“,etc.-R 


5 etc. « R 


A C A- V< A VV , A A ^ \J 'U V/ 

*' S"p’ b'^JV’ F'^’P"' b10i»'* 

(S) Let A, B, and C be any three numbers. Then 
A ABA AC 
C " * C*B‘ 


* a*3. L*428571, eta, aUnding for 0.3333...,, 1.428571428571 etc. 
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( 9 ) Reciprocal or Inveme proportion. Two quantities are said 
to be rtc^rocally or inversely pro|K)rtioiial, when the ratio ^ of two values, A 

and B, of the one, is ■■ the reciprocal, of the ratio of the two corresponding 
values of the other. Thus, let A =— a velocity of 2 miles per hour, and B ^ 3 
miles per hour. Then the hours required j>er mite are respectively, 

and B' - ^ - i. Here A : B « B' : A', or ^ or | | | - 1 + 

(10) If two variable mnnbcrs, A and B, are reciprocally pro[)ortional, so that 
A' : B' = B" : A", the product. A' A’\ of any two values of one of the numbera 
|8 equal to the product, B' B" of the two corresponding values of ihe other. 

(11) The application of proportion to practical problems is sometimes called 

the rule of three. Thus: rule of three* If 3 men lay 10,000 

bricks in a certain time, how many could 6 men lay in the same time? 

As 3 men are to 6 men, so are 10,000 bricks to 2U,000 bricks; or, 10,000 
bricks X |- = 20,000 bricks. 

If 3 men require 10 hours to lay a certain number of bricks, how many houra 
would 6 men require to lay the same number? 

As 6 men are to 3 men, so are 10 hours to 5 hours j or, 10 hours X 6 hours. 

(12) Double rule of three. 

If 3 men can lay 4,000 bricks in 2 days, how many men can lay 12,000 bricks 
In 3 days? Here 4,000 bricks require 3 men 2 days, or 6 man-duys, and 12,000 

bricks will require 6 X = 6 X 3 =» 18 man-days ; and, as the work is to ba 

done in 3 days, ^ = 6 men will be required. 

PROORESSIOX. 

(1) Arithmetical ProfprewKlon. A series of numbers is said to be in 

arithmetical progression when each numlier differs from the preceding one by 
the same amount. Tlius, —2, —1, 0, 1, 2, 3, 4, etc., where difference = 1 ; or 4, 3, 
2, 1, (i, —1, —2, etc., where difference — — 1 ; or — 1, —2, 0, 2, 4, 6, 8, 10, where 
difference — 2 ; or 1^, 1%, 1, 0, —34. — 34* where difference =» —34* 

(2) In any such series the nuniliers are called terms. Let a be the first term, 
I the last term, d the common difference, n the number of terms, and t the sum 
of the terras. Then 


Required 

1 

Given 
a d 71 

f a. a + (n — 1) d 

1 

ads 

l/2d^ + (a-^d)* 

s 

a d n 

a ^ -J- 7* [2 a + (n — 1) d] 

a 

d 1 1 

a--^d±i/(l-i- ^d)2-2d« 

n 

ads 

d — 2ffl± /(2a — d)2 +8da 
2d 

n 

d 1 s 

2 / f d ± ^(2 1 f d)‘- — 8 d 1 
-- 2d 


(3) Geometrical ProgpreMfiion. A series of numliers Is said to be In 
geometrical progression when each number stands to the preceding one in the 
same ratio. Thus ; ■^, 1, 3, 9, 27, 81, etc,, where ratio =» 3 ; or 48, 24, 12, 6, 

t, 1-J-, J, J, etc., where ratio - -J-; or|^, sj, 6j, ISj, 27, etc., where 
ratio ->2. 
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(4) Let a be the first term, I the last term, r the constant ratio, n the numbef 
of terms, and s the stun of the terms. Then : 


Itequircd 

/ 

Given 

o r » 


1 

a r i 

^ a + (r — 1) i 
r 

1 


j (>-l).s>**-^ 



r — 1 

t 

an 1 

ti_I — 

1 r- \ 

\ 1 - V a 

« 

r nl 

Ir^—l 

n-r 



r — r 

r 

a n 1 

r ^ 1 1 -f a 


PERMUTATION, Et«. 


(1) Permutation shows ui how many jiositiotis ntiy niiml>er of thinpis can 
be arranged in a row. To do ilus, nuilii|ily logetlier all the numbers used in 
counting the things. Thus, in how many posiuons in a row can things be 
placed? Here, 

lX2X«X4Xf>X(»X"X8XS> = 362880 positions. Ans. 

(2) Combination shows how many combinations of a few things can be 
made out of a greater number of thin^. To do this, first set down that number 
which indicates the gi eater number of things; and after it a senes of numbers, 
dirnniishing by 1, until there are tn ail as many as the number of the few things 
that are to form each combination. Then lieginning under the last one, set down 
said iinmberof few things j and going backward, set down another series, also 
dimiutshiiig by 1, until arriving under the first of the upper numbers. Multiply 
together all the uppar numbers to form one prmluet; and all the lower ones to 
form another. Diviae the upper product by the lower one. 

Ex. How many combinations or 4 figures each, cun be made from the 9 figures 
1, 2, 8, 4, 6, 6, 7, 8, 9, or from 9 any things? 


9 X 8 X 7 XJ _ 30M 
1 X 2 X '3 X 4 ' 24 


126 combinations. Ans. 


(8) Alll^tion shows the value of a mixture of different ingredients, when 
the quantity and value of each of these last is known. 

Ex. What is the value of a pound of a mixture of 20 fi>s of sugar worth 16 cts 
per &i ; with 80 lbs worth 25 cts per Ib? 
lbs. cts. cts. 

40 X 15 = 300 
IW X 25 = 750 


Therefore, = 21 cts. 


Ans. 


# lbs. lOrlO cts. 


PERCENTAGE, INTEREST, ANNUITIES. 
Percentaf^e. 

(1) Ratio is often expressed by means of the word • per" Thus, we speak oi 
A mde of 105.6 feet per mile, i. e., per 5280 fet*t. When the two numbers in the 
ratio refer to quantities of the same kind and denomination, the ratio is often 
expressed as a percentage (iier/mndredage). Thus, a grade of 105.6 feet per mile, 


* Equations involving powers and roots are conveniently solved by means ol 

legaiithms. 
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or per 6280 feet, is equivalent to a Rrado of 0.02 foot jwr foot,* or 2 feet per 100 
feet, or simply (since both dmicnsions are ui feet) 2 per 100, or 2 per “cent.’ 

(2) One-hftieth, or 1 per W), is plaiiilv equal to two hundredths, or 2 per A«»- 
dred or 2 per cnit. Similarlv »4 - 25 per cent., - :i X 25 per cent. 76 per 
cent! etc. Hence, to reduce a ratio to the foiui percentage, divide 100 times* 
the first term by the second. 'I’hus, in a concrete of 1 part cement to 2 ol sand 
and 6 of broken stone, there are 8 parts in all, and we have, by weight— t 

Cement ^ — 0 125 - 12.5 per cent, of the whole. 


Concrete J - 1 oOO 100.0 “ “ 

(3) Percentage is of \eiy wide application in money matters, payment for 
service in "ueh matters lieing often based upon the amount of money involved. 
Tims, a piircbasing or .selling agent may be paid a brokerage or eoiiimission 
wliK'h forms a et rtain percentage of the inoiiej value of the goods liought or 
sold , tlie preniiiini [>unl for insuiauce is a pel cent age upon the value of the goods 
insuied , etc. 

Interrat. 

( 4 ) Tnlerest is hire or rental paid for the loan of money. The sum loaned is 
called the |iriii4‘i|>al, and the miiiiheror rents paid annually for the loan ol 
each dollar, or of dollais per hundred dollai.s, is called the rate of interest. 
The rate is alway.s slated as a |K*r<;eiitage. 

(.3) If the interest is paid to the lender as it accrues, the money is said to be 
at Mimple Interest; but if the interest is periodically addeil to the princ^ 
nal, so that it also earns inter<*st, the money is said to be at COmpouilQ 
interest, and the interest is said to be coui|H>unded. 


filmple Interest. 

(6) At the end of a year, the Interest on the principal, P, at the rate, r, is 
P r, and tlic amount, A, or sum of principal and interest, is 

A-=P + Pr-P(H-r). 

(7) At the end of a numbor, n, of years, the interest is — P r » (see right* 
hand side of Fig. 1), an J 

A - P + Prfl-P(H-r»). 

Thus, let P ™ ?865 32, r = 3 per cent., or 0.03, n =■ 1 year, 3 mouths and 10 
days ^ 1 year and 1(K) days -- 1 ^ ® ^ years 1.274 years. Then A — P (1 + rn) 
- «86r>..32 X (1 f 0.03 X 1.274) -51^5.32 X 1.03822 -= $898.39. 

(8) For the pre.Nent worth, principal, or eapitallcatlon, P, of 

the amount. A, we have 

P- ^ - 
1 -t i n 


Thus, for the sum, P, which, in 1 year, 3 months, 10 days, at 3 per cent, 
simple Interest, will amount to S898.39, we have P — ^3 y “ $865.32. 

(9) In commercial business, interest is commonly calculated approxl* 
matel.y by taking the year as consisting of 12 months of 30 daa each. Then, 
at 6 i>er cent., the iiitercM lor 2 months, or 60 dai s, - 1 ))er cent.^ month, or 30 
days. J.^per eenti.; 6 days = o.l i>er cent. Thus, required the interest on 
$1264.35 for 5 mum Its, 28 day.s, at 5 per cent. 


*A/rac(um, as etc., or Its decimal equivalent, as 0.125, 0.3125, etc., 

is compared with unuy or one; but in percentage, the first term of the ratio is 
compared with one hundred units of the .second term. Mistakes often occur 
through neglect of this distinction. Thus, 0.06. (six per cent or six per hundred) 
Is sometimes rnis-read six one-hundredths of one per cent or six oiie>htt» 
iredths iier cent. 

tFor proportions by relume, see p|)936 and 943. 
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Principal .8126185 


Interest, 2 inoH, 1 per cent 12.(>4 

“ 2 luos, 1 “ 12.64 

" 1 luo, i “ 6.32 

“ 20 days, { “ 4.21 

“ edavs, 0.1 “ 1.26 

“ 2 days, ^ “ 0.42 

Interest at 6 p<^r mit 837.49 

l)educt one-sixth 6.25 

Interest at 5 per cent 831.24 


Equation of PaymentN. 

(10) A owes P $1200; of which $400 are to Jbe paid In 3 months; $500 in 4 
mouths; and $300 in 6 months; all heaiiiiK interi^t until paid; but It has lieen 
agreed to pay all at once. Now, at what tune must this payment l>e made so that 
neither party shall lose any interest? 

$ months. 

400 X 3 -- 1200 . ,, 5000 

500 X 4 = 2000 Average time ^ ^ = 4)^ mouths. Ans. 

300 X 6 1800 

1200 50U0 


Compound Intorest. 

(11) Interest is usually comnuunded annually, Berai-aanually, or quarterly. 
If it is compounded aanually , then (see left side of Fig. 1 ) 
at the end of 1 year A P (1 -f » ) 

“ “ 2year8 A«P(l-pr)(l +r) = !’(!+ r)* 

** ** n years A = P (1 r)” ; and 


P 


(7+ 75^1 -Add- r)- 


A 

P 


= (1 + r)” 


(12) If the interest is compounded g times per year, we hart 



(13) The principal, P, is sometimes called the present worth or preoent 
value of the amount, A. Ihus, in the following table, $1.00 is the present 
worth of $2,191 due in ^ years at 4 per cent. com{H)Uud interest, etc etc. 



Qia3Aaa78»n 

Yearn 

FlV- 
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Fable 2. Compound Intereat. 

Amount of $1 at Com|K>und Inteiest, 



8 


4 1 


o 

6J4 

» 


Years. 

per 

l)er 

per 

per 

per 

per 

per 

per 


cent. 

cent. 

ceut. 

ceut. 

cent. 

eeut 

cent. 

cent 

1 

1 030 i 

1.035 ; 

1.040 1 

1 045 

1.050 

1.055 

1.060 

1.065 

2 

1.061 

1.071 

1.082 ! 

1.092 

1.103 

1.113 

1.124 

1.184 

8 

1.093 

1.109 1 

1.125 i 

1.141 

1.158 

1.174 

1.191 

1.208 

4 

1.126 

1.148 1 

1.170 ‘ 

1.193 

1.216 

1.239 

1.262 

1.286 

b 

1.159 

1 1.188 ; 

1.217 1 

1.246 

1.276 

1.307 

1.338 

1.370 

6 

1.194 

1.229 1 

1.265 

1.302 

1.340 

1,379 

1.419 

1.459 

7 

1.230 

1.272 i 

1.316 

1.361 

1,407 

1.455 

1..W4 

1.554 

8 

; 1.267 

1.317 ; 

1.369 

1.422 

1.477 

1.535 

1.594 

1.6.S5 

9 

1.305 

1 363 ; 

1.42:t 

1 486 

1 .551 

1.619 

1.689 

1.763 

10 

1 1.344 

1.411 j 

1.480 

1.553 

1.629 

1.708 

1.791 

1.877 

11 

1.384 

1.460 

1.539 

1.623 

1.710 

1.8(»2 

1.898 

1.999 

12 

1 1.426 

1.511 

1.601 

1.696 

1.796 

1.901 

2 012 

2.129 

It 

1.469 

1.564 

1.665 

1.772 

1.886 

2 006 

2.133 

2.267 

14 

1.613 

1.619 

1.732 

1.8.52 

1.980 

2.116 

2 261 

2 415 

lo 

1.558 

1.675 

1.801 

1.935 

2.079 

2.232 

2.397 

1 2.572 

10 

l.GOii 

1.734 

1.878 

2.022 

2.183 

2.355 

2..5.40 

2.73» 

17 

1.653 

1.795 

1.948 

2 113 

2.292 

2.485 

2 693 

1 2.917 

18 

1.702 

1.858 

2.026 

2.208 

2.407 ‘ 

2.621 

2 854 

3 107 

19 

1.754 

1.923 

2.107 

2.308 

2,527 

2 766 

3 026 

3.309 

20 

1.896 

1.990 

2.191 

2.412 

2.(;53 

2.918 

3.207 

3.524 

21 

1.860 

2.059 

2 279 

2 520 

2 786 i 

8.078 

3.400 

3.753 

22 

1.916 

2.132 

2.370 

2.634 

2 925 

3.248 

3.604 

3.997 

28 

1 1,974 

2.206 

2.485 

2.752 

3 072 

3.426 

3.820 

4.256 

24 

2.033 

2.283 

2 563 

2.876 ' 

3.225 j 

8.615 

4.049 

4.f>33 

25 

2.094 

2.363 

2.606 

3.005 

3 386 

3.813 

4.292 

4.828 

26 

2.157 

2.446 

2.772 ' 

8.141 

3.556 

4.023 

4 549 

5.141 

27 

2.221 1 

2.532 

2 883 

3.282 

3.733 

4.244 

4.822 

5.476 

28 

2 288 

2.620 

2.999 

3.430 

3.920 

4.478 

5 112 

5.833 

29 

2.357 

2 712 

3,119 

3.584 

4.116 

4.724 

5.418 ; 

6.211 

80 

2.427 

2.807 

3.243 

3.745 

4.822 

4.984 

6.743 1 

6.614 

31 

2 500 

2.905 

8.873 

3.914 ! 

4.538 

6.258 

6.088 

7.044 

82 

2.575 

3.007 

3.508 

4.090 

4.765 

6.547 

6.453 

7.502 

88 

2 652 

8.112 

3.648 

4.274 ^ 

5 003 

5.852 

6.841 

7.990 

84 

2.732 

8.221 

8.794 

4.466 

5 253 

6.174 

7,251 

8.609 

85 

2.814 

8.334 

8.946 

4.667 

5.516 

6.614 

7.686 

9.062 

80 

2.898 

8.450 

4.104 

4.877 

6.792 

6.872 

8.147 

9.651 

87 

2.985 

3..571 j 

4.268 

5.097 

6.081 

7.250 

8.636 

10.279 

88 

3 076 

3.696 1 

4.439 

5.326 

6 385 

7.649 

9.154 

10.947 

89 

3.167 

3.825 1 

4 616 

5.566 

6 705 

8.069 

9.704 

11.658 

40 

3.262 

8.959 

4.801 

5.816 

7.040 

8 513 

10.286 

12 416 


Compound interest on M dollars, at ayf rate r for » years =» M X compound 
mtereet on 81 at same rate, r, and for n years. 


Auuaity, Blnklnc Fund, Amortisation, Depreelatlon. 

“ Interest” we deal with cases where a certain sura or “prln- 
eipal,” P, paid once for all, is allowed to accumulate either simple or compound 
interest; but in many cases equal periodical payments or appropriations, caiied 
aanultlofl, are allowed to accumulate, each eamloK its c'rn interest* usualLe 
awnpound. 

2 
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ARITHMETIC. 


( 15 ) Thus, a sura of money is set aside annually to accumulate compound 
inteiest and thus iorra a Ninkinip fund, in order to extinguish a debt. In 
this way, the coat of engineering works is frequently paid virtually in instal- 
ments. This process is called aiiioriizalion. 

(Itt) III estiniating the opeiating expenses of ongineeiing works, an allowance 
Is made for depreciation. In calculating tins allowance, we estimate or 
assume the lile-time, w, of the plant, and find that annuity, />, which, at an 
assumed rate, i, of compound interest, will, in the time n, amount to the cost of 
the plant, and thus piovnle a fund hy uieaiis of which the plant may he replaced 
when worn out or siijierseded. 

( 17 ) The prcNcni worth, prcMcnt value, or crapitalixation, W, 

Fig. 2, of an annuity, p, for a given numher, w,of years, is that sum whiidi, if 
now placed at eonipoiind interest at the assumed rate, i, will, at tlie end of that 
time, reach llie same amount, A, as will be reached hy that annuity. 



(18) EqnatioiiM for C'oniponnd Infere^d and AiinuiticN. (See 

Figs, 1 and 2 ) 

P - principal; r rate of inter c.sf ; n number of years; 

A — amount; p - auuuity ; W — present worth. 

The Interest is supposed to be compounded, and the unuuilies to be set aside,, 
at the end of each year. 

Co^nponnd IntercNt. 


(1 ) The aanounty A, of $1, at the end of n years, see (II), is A = (I -f r)Z 

(2) Since the present worth of (I + r)” due in n years, is Si, see (1), it 
folIow.s, by proportion, that the prcNcnt worth, W, of $1, due in ?i years, 

Is W - - ^ - - (1 + r)-«' 

(l+0'‘ 


Annuities. 


(3) In n years, an annuity of Sr will amount to (1 -f ?)"-- 1,* 
amount. A, of an anniiiiy of $1, at the end of n years, is 

A 4>^)”-l. 


Hence, the 


*In the ca.se of conipound interest on $1, the rate, r, may be regarded as an 

annuity, earntng its interest; and, at the end of n Tears, the amount of the 
aereral annuities (each the annual interest, r, on the $1 principal) with the 
Interests earned by them, is = the amount, (1 + r)**, of $1 in n years at rate, r, 
uinua the $1 principal itself; or. amount of annuity = (1 + rj" — 1 . 
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(1 + r) " 


(4) For the present worth, W, of an annuity of SI for n yeara^ 

we have, from KquatioiiH (1) and (3) : 

M.C t-)!r.':w. He„ce.W= 

>■ (1 I .)"«■ 

See Table 3. 

(6) The annuity for n yeaiM, which $1 will purclia.se, is 
1 * 

P - W ’ ■ 

*“(14 , 

(6) Th<‘ annuity which, in n years, will nmoiint to SI, is 


P' - P - »• - W ~ » 


r.t 


■ (1 +r)"-l 


See Table 4. (1 + r) ” 

Table 3. Present Tulne of Annuity of ^1000. See Equation (4). 


Hate of Inteiest (('(niipouiHl). 


Years. 


8 

SH 1 

4 


5 


6 

per 

per 

jK‘r 

per 

j.er ! 

1 per 

per 

per 


cent. 

cent. 

1 cent. 

cent. 

1 

cent. 

1 cent. 

cent. 

cent. 

6 

4,646 

4,580 

1 4,515 

1 4,452 

4.:km) 

4,329 

4,268 

4,212 

10 

8,752 

8,530 i 

: 8,316 

1 8,111 

7,913 ! 

7,722 

7,538 i 

7,360 

15 

12,381 1 

11,938 i 

11,517 

1 ii,:i8 

10,740 i 

1 10,380 

10,037 

9,712 

20 

15,689 

14,877 

11,212 

1 13,590 

13,008 

12,462 1 

11,950 

11,470 

25 

18,424 1 

i 17,413 

‘ 16,482 

1 15,622 

14.828 ’ 

14,094 

13,414 

12,783 

80 

20,930 

19,60(1 

; 18,392 

17,292 

16,289 

15,372 

14,534 

13,765 

85 

23,145 

21,487 

20.0(H) 

; 18,664 

17,4(d 

16,374 

15,391 

14,498 

40 

25,103 

23,115 

1 21,355 

19,793 

18,401 

17,159 

16,045 

15,046 

45 

26,8.« 

24,519 

; 22,495 

20,720 

19,156 

17,774 

16,548 

15,456 

50 

28,362 

25,730 

23,456 

1 21,482 

19,762 

18,2:.6 

16,932 

15,762 

100 

36,014 

1 31,599 

27,655 

j 24,505 1 

! 1 

21,950 

19,848 j 

18,096 

16,618 


(1») In comparing the merits of pnqwmed systems of improvement, it is 
usual to add, to the operating ex|«*iises and to the cost ol ordinary repairs and 
niHiiiteuance, (11 the interest on the cost, (‘2) an allowance for depreciation, and 
sonietiines (3) an annuity to form a sinking fund for the extinction of the debt 
incurred by eonstniction The capitalirntion of the tola] annua! expense, thus 
obtained, is then regardefi as the true hr'«i cost <if the construction. All the 
eleiucnis of cost are thus reduced to a conimoii basis, and the several propositions 
become pioperly coniparahle. 

(20) Thus, ill estimating, in 1899,1 the cost <»f improving the water supply ol 
Philadelphia, the rate, i,of interest WH&a.ssumed at 3 percent, and depieciation 
was assumed as below Under “Life” is given the assumed lile-time of each 
class of structure or apparatus, and under “ Annuity ” the sum which must lie 
set aside annually ui order to replace, at the expiration of that life, $1,000 of the 
corresponding value. 


Present worth Annuity Present worth Annuity j 

♦Because, VV ; $i.oo ;; $1.00 : p. Hence, p^^. 

Equation (4) Eijuation (5) ^ 


Annuity Amount Annuity Amount 
t Because, r : (1 4- r) " — l // : $1.00. Hence,;/ 
Equation (3) Equation (6) 


r 

7l + r) 


t Report by Rudolph Hering, Samuel M. Gray and Joseph M. Wilson. 
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SmitTCTCXKS, Apparatus, etc. Life, AiniuiTt 

iu years 9 

Hasonry conduits, filter beds, reservoirs Indefinite O.Os 

Permanent imild I ngs lOO 1.66 

Cast iron pipe, railroad side-tracks 80 8.11 

Steel pipe, valves, blow-o/ts, and gatcii 85 16.54 

Engines and pumps 30 21.08 

Boilers, electric liglit ])lantb, tramways and equipment, 

iron femes 20 37.22 

Telephone lines, sand-washer, and regulating apparatus.... 10 87.24 


(81) Calculated upon this basis, two projects, earh designed to furnish 450 
million gallons per day, compared as follows . 


(jNFlLTKKliD WAfER, BY AqUKDUCT. 
Fnst Cost. 

Storage reservoirs S80,900,000 

Aqueducts 47,730,000 

Distribution 3,5.55,000 

Distributing reservoir 1,W)0,000 


Total 883,185,000 


River Water, takrn within Citv 
* Limits and Eiltkrkb. 

First 0)st, 

Kilter plants 828,174,680 

IVlaiim 10,980,000 


Total ..834 154,680 


Annual. 

Interest on $83,185,000 $2, 495, .5.50 

Depreciat ion 198,640 

Operation and Maintenance. 

Analyses and inspec- 
tion 841,620 

Ordinary repairs 49,150 

Pumping and wages 140,770 

231 ,.540 

82,925,730 


Annual. 

Interest on 834,154,680 $1,024,640 

De|*reclatlou 205,540 


Operation and Maintenance. 

Pumping $1,216,021 

Filtration... 525,600 

1,741 ,6» 


82,971,801 


It will be noticed that, although the first cost of tlie filtration project was much 
less than half that of the aqueduct project, its laige pronortion of perishable 
parts made its charge for depreciation somewhat greater, while its cost for oper- 
ation and mainteuance was more than seven times as great, and its total annual 
charge a little greater. 


Table 4. Annuity required to redeem $1000. See Equation (6). 


Rate of Interest (ComjKiund). 


Years. 

1 

per 

cent. 

2 

per 

cent. 

per 

ceut. 

3 

per 

cent. 

8K 

per 

cent. 

4 

per 

cent. 

5 

per 

cent. 

6 

per 

cent 

6 

196.04 

192.16 

190.24 

188 36 

186.49 

184.63 

180.98 

177.8* 

10 

95.58 

91.33 

89.25 

87.23 

85.24 

83.29 

79.60 

75.87 

15 

62.12 

57.83 

55.77 

5.1.77 

51.82 

49.94 

46.34 

42.96 

20 

45.42 

41.15 

39.14 

37.22 

35.86 

33.58 

.30.24 

27.18 

25 

85.41 

31.22 

29.27 

27.43 

25.67 

24.01 

20.95 

18.23 

SO 

28.75 

24.65 

22.78 i 

21.02 

19.37 

17.83 

15.05 

12.65 

85 

24.00 

20 00 : 

18 20 

16.54 

15.00 

13.58 

11.07 

8.97 

40 

20 46 

I6..5r) 1 

14 84 

13.26 

11.83 

10 52 

8.28 

6.46 

45 

17.71 

13 91 

12 27 

10.79 

9.45 

8.26 

6.26 

4.70 

50 

15.51 

11.82 

10 26 

8.87 

7.63 

6.55 

4.78 

8.44 

60 

12.24 

8.77 

7.35 

6.13 

! 6.09 

'4 20 

2.83 

1.88 

70 

9.93 

6 67 

5 40 

4.34 

' 8.46 

2.74 

1.70 

1.08 

80 

8.22 

5.16 

4. as 

3.11 

2.38 

1.81 

1.03 

0.678 

to 

6 91 

4 05 

3.04 

2 26 

1.66 

1.21 

0.627 

0.818 

100 

5.87 

3.20 

2.31 

1.65 

1.16 

0.808 

0.383 

ai77 
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BTJOnBKAIi OR BVOBRIf ART ROTATIOH.* 

( 1 ) In the Arabic system of notation 10 is taken as the base, but in duodenal 
notation 12, or “ a dozen,” is the base. While 10 is divisible only bv 6. and (onoa 
only) by 2, 12 is divisible twice by 2, and once by 3, by 4, and by 6. This accounts 
for toe popularity of the dozen as a basis of enumeration ; of weights, as in the 
l>oy jpound of 12 ounces ; of measures, as in the foot of 12 inches ; the vear of 12 
months, and the half day of 12 hours ; and of coinage, os m the British shilling 
of 12 pence. 

(2) The duodenal notation uses the dozen (12), the gross (122 == 144)^ and the 
great gross (12* --- 12 gross 1728), as the deciniul system uses the ten (10), the 
hundred (10'- = 100), and thethousand (10* = lOhundred - 1000). Two arbitrary 
single characters, such as T and K, repniseiU ten and eleven respectively ; the 
symbol 10 represents a dozen ; 11 represents thirteen, and so on. Thus, the num« 
erals of the two sysleius compare as follows: 

Decimal 1 2 3 4 5 G 7 8 9 10 11 12 13 14 ... 20 21 22 23 24 25 36 48 60 

Duodenal 1 2 11 4 5 6 7 8 9 T K 10 11 12 ... 18 19 IT 115 20 21 30 40 60 

Decimal 72 84 % 99 100 lOS 109 110 111 112 113 117 118 119 120 121 122 
Duodenal 60 70 80 8:J 84 90 91 92 93 91 95 99 9T 915 'J’O 'IT 'f2 
Decimal 129 130 i:'>l 1.12 133 138 140 141 142 143 111 288 1 728 20736 etc. 

Duodenal T9 TT TE EO 151 EG 158 E9 KT EE 100 200 1000 10000 etc. 

(8) Dnodeeinials. Areas of rectangular figures, the sides of which ar# 
expressed in feet and inches, are still sometimes found hy a method called 
*' Du( Icciraals,” iu which the products are in square A'et, in twelfths of a square 
foot (eaeh equal to 12 square inches) ami In squ.ire inches; but, hy means or our 
table of " Inches, reduced to decimals of a page 221, the sides may be taken 
in feet and decimals of a foot, and the multiplication thus more conveniently 
perfornml, after whicli the decimal fraction of a Anit In the product may, n 
desired, be converted 111(0 squaie iiiclics by multiplying by 144. 


*eiee Kleuwuts of Mechanics, by the late John W. liystrou. 
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RECIPROCALS OF NUMBERS. 


Table of Rectprocala of STombem. Beep. 62 . 


No. 

1 lleciproral. 

No 

Reciprocal. 

No. 

Reciprocal. 

No 

Reciprocal 

1 

1.000000(XK) 

.56 

.017a57143 

in 

,0f)9OO9(K)!> 

166 

.006024096 

2 

0..VHXKMXH)0 

.57 

.0l7.")43860 

112 

.0f)S928571 

167 

.00.5988024 

8 

333:): {.U’,:? 

.58 

.017211379 

113 

.(X)8.819'i.58 

16S 

.(X).59.5238l 

4 

2r)0(KXKKK) 

.59 

.016)9491 r)3 

114 

.(XI.S7719.X) 

1()9 

.005917160 

5 

.20<XKKXKKJ 

60 

.01(MUif)(X)7 

115 

.IX)S69.')<>52 

1/0 

.005882:153 

6 

.160666667 

61 

.01631KW13 

116 1 .(X)S62()6i«) 

171 

.0a58479.53 

7 

.1428,57113 

62 

.0161290:i2 

117 

.(XI,S.vl7(X)9 

172 

tK),5Kl 39.53 

8 

.12VKKK(00 

63 

.01.587:1016 

118 

.(XI8474.576 

173 

.(X).57S0:M7 

9 

.111111111 

(A 

.()1.')62.")(XX) 

119 

.(X)840:i:561 

174 

.(X).5747126 

10 

.KKXXKWOO 

6.5 

.01.5:J8.1615 

120 

.(X)833333:i 

175 

.005714286 

11 

' .©90909091 

66 

.01.51.51.51.) 

121 

.fK)R264463 

176 

.00.5681818 

12 

, .08;i:i:J3:{.3:i 

67 

.014925:173 

122 

.fX»81 96721 

177 

.00.5649718 

18 

,07692:1077 

68 

.0147(X).S82 

123 

.008i:XX)81 

178 

.(X)5617978 

14 

.071 128.571 

69 

.0111927.54 

121 

.lXj8(H;4.516 

179 

.fX).5.'-)86592 

15 

.066666667 

70 

.0142^5714 

125 

.008000000 

180 

.005555556 

If) 

.062.500000 

71 

.014081,')07 

126 

.007936.508 

181 

.005.524862 

17 

.6.58823.529 

72 

.01:18.88889 

127 

.(K)7871016 

182 

.005494.505 

IK 

.0.5,5.5,55,5,56 

7:1 

.()13»i986.10 

128 

.00781 2''»00 

183 

.00.5464481 

19 

.0.52631.579 

74 

.0i:i.5i:i514 

129 

.0077519:{8 

184 

.0054.34783 

20 

.050000000 

75 

.0i:«i:i333 

130 

.007692308 

185 

.005405405 

21 

.O17619048 

76 

.0131.57895 

181 

.007633.588 

186 

4)0.5376344 

22 

.0'ir).l54,545 

77 

.oi^is?^:! 

1:12 

.^X)7.57.57.58 

187 

.005.347,594 


.013178261 

78 

.012820.51:1 

1:13 

.007518797 

188 

.005319149 

24 

.011666(«)7 

79 

.0126.58228 

1:54 

.(X»7462687 

J89 

.00.5291005 

25 

.04()(KX)000 

80 

.0125(HXXX) 

135 

.007407407 

190 

.005263158 

26 1 .08811)1528 

81 

.012:115679 

V.16 

.007:^)2911 

191 

.00523.5602 

27 

' .0:i7().170:’.7 

82 

.012195122 

137 

.()072‘V.)‘270 

192 

.00.520R;133 

28 

; .0:1.571 1286 

83 

.012048193 

138 

(X)7246377 

193 

.005181:547 

29 

.(m4827.59 

84 

.011JK)-1762 

139 

.007191245 

194 

; .oo.')i."vi6:{9 

30 

; .0;i3J333:{3 

8.5 

1 .011764706 

140 

.0071428,57 

195 

I .005128205 

31 

.0322-58065 

86 

.011627907 

141 

.007092199 

196 

' .005102041 

32 

.o:ii‘2.-xxxx) 

87 1 

.011494253 

142 

.(X>70122.54 

197 

1 .005076142 

33 

.o:in:!i):K):i() 

88 

.011:16:16:16 

143 

.006993007 

198 

, .00.^)0.505 

84 

.029111765 

89 

.0112:1;59,5.5 

144 

.006944 144 

199 

.00502.5126 

35 1 .028.'.71429 

90 , 

.011111111 

145 

.006896562 

200 

1 .‘X).5000000 

36 

.027777778 

91 

.0K«»890n 

146 • 

.006849315 

201 ! 

.004975124 

37 

.027027027 

92 

.010869.')6.5 

147 , 

.006802721 

202 

.0(M9.')019.5 

38 

.0J(.:n57S9 

93 

.010752688 

148 ! 

(K)67.56757 

203 

.004926108 

39 

02.>(’)41026 

94 

.0106:18298 

149 1 

.006711409 

204 

.001901961 

40 

.O'J'XKXXXK) 

95 

.010.526:116 

150 1 

.(XX)666067 

205 i 

.004ffr8049 

41 

.024:190244 

96 

.010416667 

1.51 > 

.006622517 

206 ' 

.004^54369 

42 

.02:1809.521 

97 

.010:iiy.)278 

152 : 

.006-57.8947 

207 i 

004^30918 

43 

.023‘2,5,5S14 

98 

.010204082 

1.53 1 

.006.5:15918 

208 1 

004807692 

44 

.022727273 

99 

.010101010 

154 i 

.(KMJ4 9:15(16 

209 

0047ai68a 

45 

.022222222 

100 

.OKKXIOOOO 

155 i 

.000151 61 3 

210 : 

004761905 

46 

.021739130 

101 ' 

(M)«*900990 

156 1 

.0064102.56 

211 1 

.004789336 

47 

.021276696 

102 

.0(R>80:i922 

1.57 

.006369427 

212 

.004716981 

48 

.02083:13:13 

10:1 

.<X)970.8738 

158 ; 

.006,329114 

213 

.004694836 

49 

.021 14081 63 

104 ; 

.(K)961, 5:18.5 

1.59 

.006289308 

214 

.004672897 

50 

.020(XX)000 

105 ' 

.009523810 

160 I 

.006250000 

215 

.004651163 

51 

.019607843 

106 

.00943.3962 

161 i 

006211180 

216 * 

.004629630 

52 

.01 92.30769 

107 

.1X1934.5791 

162 

.(K)61 72840 

217 

.004608295 

53 

.018867925 

108 ’ 

.(H)92592.59 

163 

.0061:34969 

218 , 

.(XM5871.56 

54 

.01^518.519 

109 

.009174312 

161 

(X)f)()97561 

219 ■ 

.004.566210 

55 

.018181818 

110 

.00909090C 

165 . 

.006060606 

220 1 

.004545455 
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Tftble of lUKSIprocnl* of Ifnmbom.— ) Bee p 52. 


No. 1 

Reciprocal. 

No. I 

Reciprocal. 

No. 1 

Reciprocal. 

No. 

Reciprocal 

221 1 

.001,524887 

276 1 

.003623188 

331 i 

003021148 

386 ! 

002590674 

222 1 

.n04,'')04.5(r) 

277 ! 

.003610108 

:i:i2 

. 00:1012048 

387 

00'2.5S:i979 

22ii 1 

.(K)44H4:ior) 

278 : 

.003.597122 

:m ; 

.oo:ux);ioo:i 

.388 

(X)2.577:i20 

224 > 

.(K}4ir4'28(; 

279 1 

.(H):i.581229 

:i:it 

.(K(2'>94012 

389 1 

.(Xl2.57t)694 

226 1 

.()(M444444 

280 ; 

.003,571429 

3 : 1.5 

.(Kymv)7r> 

890 j 

.002,56410,3 

22f. ' 

.004424779 

281 i 

.00.3.5.58719 

3:i6 ! 

.002976190 

891 ' 

0025.57.54.5 

227 ' 

.(HW 105286 

282 

.00:i.546O9'.> 

. 3:17 

.(K»2967:V>9 

892 ' 

(XV2551(r20 

228 

.00138:1%:) 

28.3 1 

.00a53:i%)9 

:i.i.8' 

00-.>9.58'‘>80 

. 39:1 

.(X)2.'’>44.529 

229 i 

(K)13(.6H12 

281 ! 

.(KK1.521127 

3:i9 ' 

(K)2m98^):i 

394 

.(X)2.5:i8071 

230 1 

.004347820 

285 1 

.00:i:)08772 

m 

.002941176 

:i95 1 

.0U2,531()46 

231 

.00432%)n4 

286 I 

.oo:i»%.")03 

341 

.002932.'').51 

396 1 

.00252.52.'’)3 

232 

.004310:M5 

287 ' 

(K»:i 184321 

. 3.12 

.(M»292:i977 

:i97 ' 

.(H)2.518892 

233 

1 .00429184 > 

288 

(X».l-172222 

34:1 

.(«)291.')4.52 

:i98 . 

.(M)2.512.%)3 

231 

( .00427350-1 

289 

(K»:i4(.()208 

.314 

.(Xy2'.XHi977 

399 1 

.{K)2."XXV266 

235 

1 .004255319 

290 

.003-148276 

345 

.0028985,51 

4(X) 

.(K)2."XXX)00 

2.3fi 

.0fM237288 

291 

.00.3436426 

3.16 

002890173 

401 

.00219:1766 

237 

* .0(14219409 

292 

%):14246.')8 

:147 

.(X)2881H44 

4(^2 

.fXy2487562 

238 

.004201(i8I 

293 

(KK14I2969 

.348 

.(X)287:i.^)(.:i 

40:1 

(X)2481.390 

ZVJ 1 

.0011S41(H) 

2*4 

(KKl-IOl.'iei 

:i49 

.(XI286.5,3:{0 

404 

.(K)247.5248 

240 ; 

.004166GG7 

295 i 

.003389831 

3.")0| 

002S5714:i 

40.5 

.002469136 

241 

0041 19378 

'296 

.00:3:178378 

,3.51 

,002819(X)3 

406 1 

.0021630.54 

242 

1 .fK^11322:!l 

2<)7 ' 

.oo:{:} 67 oo:i 

3,52 

1 (KL’8.1(XXJ9 

407 

.mmm 

243 

1 .001115226 

298 ' 

(K):33.55705 

:i.5:} j 

.(K)28:i2861 

408 

.fK)2-l.'X)980 

244 1 

1 .O0-J0!)83(;i 

29<> I 

.oo:i:i4 1 182 

:i.^)4 

.002824K)9 

4f»9 

,002444988 

246 1 

[ .004081633 

300 1 

.oo:mi3:{ 

:i.5.5 1 

.(XL>8169U1 

410 

.0(J2439024 

24G ’ 

1 .00406.")0n 

soil 

. 00 : 1 : 3222.59 

3.56 ' 

.002808989 

411 

1 .002433090 

247 

.004048.583 

302' 

.fKr.i:ui2:)8 ' 

3.57 

.(«r2801120 

412 

.fX)2427184 

248 

.(KV1032258 

303 

.')o;i:ioo:t:io 

S.')8 

.0()2793'2‘H) 

4i;i 1 .002421308 

249 

1 .0(M016(IC4 

304 

.(H):3289474 

3.59 

.(X)278.').51.5 

414 

i .(X)‘jn:)459 

260 

' .004000000 

;i05 

.003278689 

:i60 

.(X)2777778 

415 

1 .002409639 

251 

1 003984064 

306 

003267974 

.361 

.002770083 

416 

1 .002403846 

262 

' .003y».82'>4 

307 

' .fM):{257,329 

.362 

, 0027624:11 

417 

1 002398082 

253 

003952, %i9 

:i08 

' fK):i2467.53 

:i63l .O027.')4821 

418 

(X)2:i92344 

254 

' .003937008 

:i09 

1 (K«2:36246 

,364 

' .0fK>74725:l 

419 

! . 002 : 5866.35 

265 

1 .003921569 

310 

[ .003225806 

365 

.002739720 

420 1 .002380952 

256 

1 .003906250 

311 

1 .003215434 

366 

1 .002732240 

421 

‘ .002375297 

257 

, 003891651 

312 

0f):}2n.5128 

;i(i7 

0(r2724796 

422 

, .002369668 

258 

.(K);i87.5%9 

313 

.003194888 

.368 

.002717:191 

42 :; 

: .002364066 

259 

.003861004 

314 

, (Ki:31K4713 

:i69 

.002710027 

424 

.0023,58491 

260 

.00361G1M 

;3]5 1 .003174603 

:i70 

.002702703 

425 

1 .002352941 

261 

' 0038.31418 

316 

j .003164.5.57 

371 

00269.5418 

426 

' 002347418 

262 

.00.3816794 

317 

1 003154.574 

372 

.f)02688172 

427 

002341920 

263 

.fX)3802281 

318 

: ,00:1144651 

.373 

(X)2680%5 

428 

002:136449 

264 

.003787879 

;ii9 

1 .fX)3134796 

374 

002673797 

429 

(X)2:i31002 

265 

.00377.3f)85 

320 

.003125000 

375 

.002666667 

430 

j 002325581 

266 

.00.3759398 

321 

.003116265 

376 

002659574 

431 

: .fX)2320186 

267 

.003745318 

322 

003105.590 

;177 

.002652.520 

432 

01X2:514815 

268 

.003731:343 

32,3 i 

00 : 109597.5 

,378 

.00264.5,503 

433 

0()2:K)9469 

269 

.00:1717472 

324! 

00.3086420 

379 

002638522 

434 

' 002:K)4147 

270 

.003703704 

326 

.003076923 

380, 

.0026:11579 

435 

.002298861 

271 

.003690037 

326 

.003067485 

381 

1 002624672 

436 

.002293578 

272 

.00:1676171 

.127 

.00:1058104 

3821 

.002617801 

437 

.002288380 

273 

.00:166.3004 

;i28 

.00,3048780 

383' 

.(Xy2610966 

4;l8 

.(X)2283105 

274 

1 .00364%:35 

329 

.(K}.303y.)14 

384 

.n026(M167 

489 

.002277904 

*76 

1 .003636364 

330 1 

.003030303 

385 

.002597403 

440 

.002272727 
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RECIPROCALS OF NUMBERS. 


Tabic of Reciprocals of Numbers.— (Omfistwrf.) Seep.62. 


No. 

Reciprocal. 

No. 1 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal 

441 

.002267574 

496 

0020161*29 

551 

.001814882 

606 

.0016.5016* 

442 

.002‘262‘W3 

497 

.00*201*2072 

6.52 

.001811.5i»4 

607 

.001647446 

443 

.00225732.6 

498 

.(M)200803*2 

553 

.(X)l 808:118 

608 

.0016447:37 

444 

.002252252 

499 

.002004008 

5.54 

.(K)180.')0M 

609 

.0016)4*20:36 

445 

.002217191 

500 

.002000000 

.5.55 

.001.801802 

610 

.001639344 

m 

.002242152 

.501 

.001996008 

5.56 

,(Kn79a561 

611 

.001636661 

447 

0022371 :3() 

502 

.00199‘20:$‘2 

5.57 

.(XII 79.5:1.12 

612 

.0016:W987 

41H 

.(M)2‘232143 

503 

.(K)l 988072 

.V)H 

,001792115 

613 

.001631321 

449 

.002*227171 

.504 

.0019811*27 

.5.59 ’ 

.001788909 

614 

.001628664 

450 

.(K)2222222 

505 

1 

1 

1 

560 

.(X)m5714 

615 

.0016*26016 

451 

.00*2217295 

506 

.001976285 

.561 

.001782.531 

616 

.0016*23.377 

452 

.(H)22 12389 

.507 

.001972:187 

.562 

.(K)17793.59 

617 

.0016*20746 

47)3 

.002*207506 

508 

.(K)l 968.504 

.563 

.(X)1776199 

618 

.0016181*23 

m 

.002202613 

.509 

.(K)l 96-1637 

.5<>1 

.001 7730, ")0 

619 

.(XJl 61. 5.509 

455 

.002197802 

510 

001960781 

565 

.001769912 

620 

.(X)161‘2908 

456 

.00219*2982 

.511 

.(K) 19.56947 

.566 

.001766784 

621 

.(X11610:306 

457 

.00*2188184 

.51*2 

.(Kll9.5312r> 

,567 

.(Xn76.SC68 

6*22 

1 .(X}ltM)771T 

458 

.0()218:M06 

513 

.(Xn949318 


(HJ17C0.563 

623 

! .0016051:36 

459 

.00*2178619 

.5U 

.00194.').52:> 

.569 

0017.57469 

624 

.1X1160*2.564 

460 

.00*2173913 

515 

.001911748 

570 

.001751:186 

625 

.001600000 

461 

.002169197 

,516 

.(X)19:i7981 

671 

.0017.51313 

6*26 

.001597444 

462 

,002164:.02 

.517 

.(xn9:u‘2:46 

572 

001748*2. .2 

6*27 

.001594896 

463 

.00*2159827 

.518 

.(XH9:v).502 

.573 

.00174.5*201 

628 

.00159*23.57 

464 

.00215517*2 

519 

.(M)ll>26782 

571 

.0017-12160 

629 

.001589825 

465 

[ .()02150;')38 

,520 

i .(HJ192:i077 

.575 

.0017391:10 

630 

.001587304 

46<; 

.00214.5923 

5*21 

.(X)1919386 

.576 

.001736111 

631 

.001.514786 

467 

.(K}214 13*28 

.522 

,(MM91.57(X* 

577 

.0017:1:1102 

t):V2 

.001.582278 

468 

.002i:v;752 

5*23 

.(X)19r2016 

.578 

.(X)l 7:1010-1 

6.33 

.001,579779 

469 

.002132196 

524 

.(X)1908397 

,579 

.0017*27116 

634 

.001577287 

470 

.002127660 

5*25 

.(X}1904762 

580 

.0017*24138 

63.5 

001.57-180S 

471 

.0021‘2‘.n42 

.526 

.001901141 

581 

.(X)17*2117n 

636 

.00157*2327 

472 

.00*2118644 

5*27 

.(Xri897.5:i3 

58*2 

.001718213 

6:57 

.(X)1.56'ia59 

473 

.00*2114 l(h5 

528 

.0018939:59 

583 

00171.5266 


.001567:398 

474 

.00*2109705 

529 

.{M)1890:5f59 

584 

(X)l 71*2329 

6:?9 

.001.564945 

475 

,002105*263 

530 

.(X)1H86792 

585 

.001709402 

6-10 

.00156*2,500 

476 

.00*2100840 

531 

.00188.3239 

.586 

001706-1^1 

6-11 

.001560062 

477 

.00*2096436 

5,32 

.001879699 

587 

.001703578 

642 

.001.5,57632 

478 

.00*2092050 

533 

.001876173 

.588 

.001700680 

643 

.IX)1.5.55210 

479 

.002087683 

534 

.0018726.59 

,589 

.001697793 

644 

.001.552795 

48U 

.00*2083333 

535 

.001869159 

590 

.001694915 

645 

.001550388 

481 

.002079002 

586 

.00186.5672 

,591 

.001692047 

646 

.001.547938 

482 

.002074689 

537 

.001862197 

592 

,001689189 

647 

.00154,5595 

483 

.002070393 

538 

.0018587:56 

593 

.001686.341 

648 

.001543210 

484 

.002066116 

539 

.001&5,5288 

594 

.00168:i502 

649 

.001540832 

485 

,00*2061856 

540 

.001851852 

595 

.001680672 

650 

.001538462 

486 

.0020.57613 

541 

.001848429 

596 

.001677852 

651 

.001536098 

487 

.002053388 

542 

.00181.5018 

697 

,00167.5042 

6.52 

.001533742 

488 

.002049180 

543 

.001841621 

,598 

.001672241 

653 

.001531394 

489 

.002044990 

544 

.0018:18235 

.599 

.001669449 

6.54 

.001529052 

490 

.00‘2W0816 

545 

.001834862 

600 

.001666667 

6f)5 

.001526718 

491 

.002036660 

546 

.001831502 

601 

.001663894 

656 

.001524390 

492 

.00*20.32520 

547 

.0018281.54 

602 

.001661130 

657 

J[)0152*2070 

498 

.00*2028398 

548 

.001824818 

603 

.001658375 

658 

J001619757 

494 

.002024291 

549 

.001821494 

604 

.00165.56*29 

659 

.001517451 

m 

.002020202 

550 

.001818182 

605 

.0016.5*2893 

660 

' .001515152 
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Table of Reciprocal*! of Numbera.— ( Qmtinued. ) See p. 62. 


No. 

Kt‘(*iproeal. 

No. 

llwiprocal 

No. 

Hrriprocal. 

No. 

KeciprocaL 

661 

.001512859 

716 

.001.396018 

771 

.(X)1297017 

826 

.001210654 

362 

.0015ia574 

717 

.(X)i:*.94700 

772 

.(X>1 29.5:5, ’,7 

827 

.001209190 

663 

.001508296 

718 

.(X»i:{927.")8 

773 

.(K029;i66t 

828 

.(X)l 207729 

664 

.001 .'106024 

719 

.1X>l.KH)h21 

774 

,(K)129]‘»1K) 

829 

.(X)l 206278 

665 

.001503759 

720 

.001:388889 

775 

.(X)i2yo;52:5 

830 

.0012'04819 

666 

.001.501.502 

721 

fX>i:586963 

776 

,001288660 

8:51 

,001203:369 

667 

.0014992.'>0 

7‘i‘> 

/HU:38.')042 

777 

.001287<KI1 

8:32 

.001201923 

668 

.(HJ1497(K)6 

72:i 

.(X)138:3126 

778 

.(Xn28.5;5.17 

83:3 

,0012(XW80 

669 

(K)14947(!8 

724 

(Kn:i8121.5 

779 

.(Ktl2K3697 

8:54 

.(K)l 199041 

670 

001492537 

7U1.) 

.(X)i:379:uo 

780 

.00l2820f)l 

835 

.001197605 

671 

.001490313 

726 

.001377410 

781 

.001280410 

K3G 

.(X)l 196172 

672 

.001488095 

727 

.0013‘r>.516 

782 

.001278772 

8:57 

.001194748 

673 

.001 48.58 W 

728 

.00137:3626 

78:3 

.(X)1277i:39 

8:38 

.00119:3.317 

674 

.001483680 

729 

.(X)!:371712 

784 

.(X>1275f)10 

8:59 

.001191895 

675 

.001481481 

7:30 

.001369863 

785 

.00127:388.5 

840 

.001190476 

676 

.001479290 

731 

001367989 

786 

.001272265 

841 

.001189061 

677 

.001477105 

732 

.(K)i:3Wil20 

787 

.(Xn270648 

842 

.(X) 1187648 

678 

.001474926 

7:i3 

.(X)i:¥>42.">6 

788 

.(Xn 269036 

843 

(Xin 86240 

67'- 

.0014727.54 

7:34 

001862:398 

780 

.001 2(57427 

844 

.0011848;^ 

680 

.001470588 

736 

.0W300.M4 

790 

.001265823 

845 

00118:34:52 

681 

001468429 

736 

n0i:3.")8696 

791 

001264223 

846 

,001182083 

682 

.(XJ1466276 

737 

.mn3.m2 

792 

.001262626 

847 

.001180688 

683 

.(K11464129 

738 

081355014 

793 

.001261034 

848 

.001171X246 

684 

.0(^1461988 

7:39 

.(K)13f>,3180 

794 

.0012.59446 

849 

.001177856 

685 

.\XU45‘J8.'t4 

740 

.001351351 

795 

.0012,57802 

8^)0 

.001176471 

686 

.001457726 

741 

.001349528 

796 

.0012.56281 

R51 

.00117.'X>88 

687 

.001455601 

742 

.(X)l 347709 

797 

.0012547a5 

8.52 

00117:3709 

688 

.00145J3488 

743 

.00134.5895 

‘ 798 

.0012531.38 

m 

.001172:388 

689 

.001451379 

744 

.001344086 

799 

.0012.51.564 

8.")4 

.(X)l 170960 

690 

.001449275 

745 

001342282 

800 

,0012.50000 

855 

.001169,591 

691 

.001447178 

746 

.001340483 

801 

' .001248439 

856 

.001168224 

692 1 

.00144.5087 

747 

.001338688 

802 

1 .001246883 

857 

.001166861 

693 1 

.001443001 

748 

.001336898 

803 

.00124.5:3.30 ' 

858 

.001165.'-)01 

694 

.001440922 

749 

.001335113 

804 

.(X)l 243781 

859 

.001164144 

€95 ! 

.0014:38819 

750 

. 0013 : 3 : 333:3 

805 

.001242286 

860 

.001162791 

696 

.001436782 

761 

.001:3,31.5.58 

806 

.001240695 

861 

,001161440 

697 

.0014:34720 

752 1 

.001329787 

807 

.0012391.57 

862 

.001160093 

698 

.001432665 

7.53 

.001328021 

808 

.001237624 

863 

.001158749 

699 

.001430615 

7,54 1 

.001326260 

HOil 

.001236094 

864 

.O0115’7407 

700 

.001428571 

755 

.001324503 

810 

.()U1234r)68 

865 

.001156069 

701 

.001426534 

7.56 

.001322751 

811 

.001233046 

866 

. 0011547:34 

702 

.001424501 

7.57 

.001321004 

812 

.001231,527 

867 

.00115,3403 

703 

.001422475 

7.58 

.001319261 

813 

.001230012 

868 

.001152074 

704 1 

.0014204.55 

7.59 

.001317.52:3 

814 

.001228.501 

869 

.0011,-)0748 

705 

.00141H140 

760 

.00]31;)789 

815 

.001226994 

870 

.001149425 

706 

.001416431 

761 

.001314060 

816 

.001225490 

871 

.001148106 

707 i 

.001414427 

762 

.001312336 

817 

.001223990 

872 

.(X)n46789 

708 

.001412429 

763 

.001310616 

818 

.001222494 

873 

.001145476 

709 1 

.001410437 

764 

.001308901 

819 

.001221001 

874 

t .(X)n44165 

710 1 

,001408451 

765 

.001307190 

820 

.001219512 

1 

875 

: .001142867 

711 i 

.001406470 

766 

.0018a5483 

821 

.001218027 

876 

.001141563 

712 I 

.001404494 

767 

.001803781 

822 

.001216545 

877 

.001140261 

713 , 

, ,001402.525 

768 

.001302083 

823 

.001215067 

878 

.001138952 

714 

.001400,560 

769 

.001800:?90 

824 

.001213.592 

879 

.0011376.56 

715 1 

1 .001398601 

770 

.001298701 

825 

.001212121 

880 

.0011368(31 
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EECIPROCALS OF NUMBERS. 


Table of ReciprocalN of Mumbers.— ( 0 ) 7 t/inue<;.) See below. 


No. 

' Recipioeal 

No. 

IU*ciprocal. 

No. 

Reciprocal, 

No 

Reciprocal 

881 

, (Xlll3.')()7t 

911 

.(X)1097695 

941 

.(Mll(K5*2fi'>9 

971 

,(X)1029866 

882 

.(K11 13:5787 

012 

.(X)109f)491 

942 

.001(H5l,57i 

'.172 

.(X)]O*28807 

883 

. .(X)li:5‘2.Vl3 

013 

(Kll 095290 

913 

.(K)l(X5nil.5 

973 

.(K(1(I27749 

881 

, .(K)l 131222 

on 

.(H)1091092 

!Ht 

.(K)l 0 . 59 : 5*22 

974 

.0010*2(5(504 

885 

1 .(K)ll‘20')ll 

01.5 

.(K) 109289(5 

915 

.0010.58201 

975 

.00102.‘x;41 

88(5 

.(X)n28()(58 

01(5 

.(XH091703 

91fi 

.(K)105708‘2 

97(5 

.001021.51X1 

887 

.(K)1127:-50(5 

017 

.(KH090,5l:{ 

917 

.001O5.5tX)l5 

977 

.(XI 10 * 2 : 5,541 

888 

, .(X)l]2(.r2t5 

018 

.(Xl]n89:5*25 

948 

.001051S.V2 

978 

.(H)l()‘2‘240,5 

880 

.(Kill 21,8.50 

010 

.(K)!088i:59 

949 

.(KIlirOTll 

079 

.(H»()‘2l l.'XI 

890 

! .(K)H2:;.50(5 

020 

.(X)108(19.57 

950 

.(X>H).)2(),:2 

'J80 

.(X)1(;*2(H(J8 

801 

' .(X)i]22:!;’.i 

021 

.(K)IO.S,577G 

951 

.(XilO.51,52.5 

981 

.(K)1()I‘1,3(58 

8‘>2 

' .(Kll 12107(5 

922 

(HH081;599 

952 

.(Xl|0rf)120 

9.S2 

.rxi 1 01 . 8 : 5:50 

803 

.(Kill 10821 

o*2:i 

.(MHOS. 5421 

95.5 

.(X)1019:5I8 

9S:5 

.(X)l 01 7*294 

804 

. .(X)111H'.(.8 

021 

(XH08*2*2.5I 

9.V1 

.(X)I048'2I8 

981 

.(Xll()l(5*2()0 

895 

, .(H)ll 17:518 

0*2.5 

.(MIlOhlOHI 

'.>.')5 

.(K)10 171*20 

'.IS5 

.(X)1015221< 

80(. 

.(K)111(X)71 

0*2(5 

(KH079'in 

9.')(> 

.00104(50*25 

98f. 

.fXil014199 

807 

.(MH1U8‘27 

027 

,(X)1()78719 

957 

.(XHOntCi 

t)87 

.(X)lOi:5171 

808 

(Mil 11,158(5 

028 

.(Xn077.58i> 

.>■58 

00101:58-11 

9,88 

.(HJl 012 n() 

8S>i> 

.(K)II1‘2:M7 

020 

.(M)107(W2(> 

9.59 

.(K)lor27.53 

9,8') 

,1M)1011122 

m) 

.(KUllllll 

o:io 

.(M)107.52()9 

0(50 1 

.00lOU(»ti7 

O'.H) 

.(XllOlOlOl 

IX )1 

.(H)l 100878 

9:51 

.(XllOTlin 

{«51 

.(X)1040.')8:5 

991 

.(Hn(X>il08‘> 

902 

..'Klll()M(5-17 

o:52 

.(XI1072%1 

t«5*2 

(X>10:59‘XI1 

.9' >2 

.(X)1(X).80().5 

00.3 

.(X)1107r20 

9 : 5.5 

.(X)|071811 

1K>:5 

.0010 581-2J 

'993 

.(X)irK)70-l'J 

OOl 

.(X)11(X510,5 

5):5l 

.(KI|()7(M5(51 

0(51 

.(Hiiii::73ii 

994 

.0(iKXH)0:5r» 

905 

.(K)l UU072 

! 0 : 5,5 

.(K»1(M59.519 

9(5.5 

.(K)103(5'2(59 

'995 , 

.00]0l).5(J2.5 

m 

.(H)n037,5:5 

930 

fXH()(>H;576 

9(5(5 

.(xn(>:55i97 

996 ' 

.001001016 

907 

.(Kll 10*2.5:5(1 

1 0:57 

.(K)|(H57*2:5ll 

91 >7 

.(x>l(i:5 11*2(5 

997 , 

.n0100.5(K)9 

908 

.«x)l 1013*22 

9:58 

.<NM(X5(H)9.8 

5X58 

(xiio:5:5(> >8 

998 

.(Xn(K)*21H54 

909 

.(KIIUKHIO 

9:59 

.(KH(N;i9(i:5 

9119 

(X)10:5I992 

999 

.(XllOOlfXll 

910 

.(K)I()0.S1K)1 

1 910 

(XH(X).58:)0 

970 

(K)l(>:>0<>*28 

KKH) 

.(XIKXXXXK) 


RINTPIlOi'AIiK. 


(a) The rc'eiiiroeal of a iiiiinber in the quantity obtained by dhld- 
Ing unity or 1 by tliut number, lu other vkords, if n be any number, then 

Reelj> ^ • Thus, Uecnp 40 — ^ = 0 Ojr) , Kecip 0 4 = = 2.5, etc , etc. 

Hence, Reoip ~ ^ , because Recip V-=. i -j. “ = i x ** = -*-. 

« * ft ft fi a 

Thus, since 1 yard 30 inches. 1 inch - yard = (>‘27777773 yard, for Reciji 

30 = .027777778. Again, 1 toot head of water give'' a pres.sure of .4:U’» lbs. pci 
square inch. Hence a pressure ol lib per square incii corresponds to a head 

of feet -- 2 30(5800 feet, fur Recip .4XT) = 2.30(5805. {See h. below.) 

(b) It follows that if any number in the colunin headed “No.” be taken as 

the denominator of a common fraction whose numerator is 1, tlie corresponding 
reciprocal is the value of that fraction expressed in decimals * Thus, = 031*25. 
Hence, to reduce n ooiiinioii friirtioii to 4l<‘C‘iiiinl forint multiply 
the reciprocal of the denominator by the numerator. Thus, f = .63125, because 
Recip 32 03125, and 03125 \ I7 ^..5312.‘). 

(Cl (’oniersely.if the reciprocal of a number n be taken as a number, then the 

Dumber w itself becomes the reciprocal. In other words, Recip ^ = ». Thus, 
Recip 0.025 = Recip =» 40 ; Recip 2 5 = Recip = 0.4, etc , etc 

* nnntlK'rs 2 and .5, and their piiwers and products, are the only ones whose 
nciprocale cr.u be exactly expressed in deriiiiala 
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(d) The product of any uuinl)er by its own reciprt»cal is equal to unity or 1; 

Df, »X ^ L 

1 a 

(e) Any uuiul>er, (lY Itei q* «»f a number, ;i - «\ . 

Hence, to avolfl th«* labor of <11 vidlufir. we mav umltipli/ hv the recip- 

rw(t/ol the(ii\iRor Thus, , ^ i i i , iw^ndorci 

200-!-4s7:)0 ---JIK) ■ necip-4S7'»0=-‘2tH> • (Kt002(lM‘J.V (se«> ||. below ) (1041(12.% I. .. . 

(f ) An\ number, «/ - Heeip of a numbei, h « - 
1 ^ 

1 

ThuR “ Keeip J d 7 ^ ~ 

(b*! TIjc nuuiberp in the foreftomt' table evteinl tiom 1 to indn, hiil tlu' recip- 
rocals of niiillipleH of Mniiibrrs •►.'i l« nia> he taken funn the 

table t>v acldiiij^ one cipher to tlie lelt o( the rtn ipiocal (alter the decimal point; 
for each cipher added to the number Thus, 

Itecip .{'HI - (Hr2.7()41(i:{, 

Kecip :{'.»oo ooo‘2.‘)(;4io:!*, 

Hecip :{t)(MK) = (HMMr2.>f.4I():t; 

and the reciprooaK of tinmbrrH roiilntninit: droiiiialH may be taken 
from the table by sliittiiif: the decimal point in the t.duilar reciprocal one place 
to the ncht for each decimal idace in tlie number. Thus. 

Kecip ‘2*27 JK»t4(i'>2Hri; 

Iteeip •22 7 ,(}t40.')‘28f>; 

Itecii) 2.27 -= .44(r.28(», 

H<Cip .‘227 “ 4 40.'>‘286; 

Keeip .0227 = 44 0.')2H(). 

(h) The reciprocal of a iiHiiib4>r of more Ilian lliroo fliarnret* may 
taken from the table apjiroximately by interpolation. Thus, to tind Kecip 2.{o,4: 
Heeip 2:i(; - ,n04‘2:{7‘28H 
liecip •2:{7 - ,IHH219409 

Ditleiences- 1, .000(ll787‘.t, 2:{6.4 — 2:{C = 0.4. 

Then, 0 4 '/ .000017870-- .000007 l.Ti, 

and Kecip 2:{f. 

minus .OOOOO?!.^ 

Recip 28(5.4 -- .0042301% by interfKdation 
The correct reciprocal i.s .(K)4‘230118. 

(Ij The reciprocals of iiumliers not in the table 8iay be conveniently found 
b}' ineanM of lon^aritliinM. Thus, to find the Kecip 

lX)g 1 =- 0 000(K)0 
Subtract Log 286 4 =- 2.37:1647 

T{.(5‘2(.;{.% -- Lok 0.00128012 

Uicip 28G.4 - 0.00423012. 

£424 236 4 

W6.4 ~ 8424 ’ 

Log 2:164 = 2.373647 
Subtract Ixig 8424 = 8 y2.%18 

■5 448120 = l.og 0 0280627. 

' K-l'i4 

Kccip =0.0280627. 

2.1(» 4 


To find Kecip — 


f 1) Position of the deeimal point. For the Nos 10, 100, lOOfi, etc., 
the number of the decimal place occupied by the first significant figure in the 
reciprocal i.s eipial to the numher of eiphns in the No ; but for all other Nos it 
is equal to the number of ihedjqiAs 111 the integral portion of the No. Jhus: 
Kecip 148 7 = (K)f)‘i , etc Here the number of digits in the integral portion 
(148) of the No, is 8. and the tirst significant figure (6) of the reciprocal occupies 
the third decimal place 



M SQUARE AND CUBE ROOTS. 


Sqnare KooIm and Cube Roots of Ifnmbers from .1 to 2$. 

No errori. 


No. 

Square. 

Cube. 

8q Kt. 

C.Et. 

No. 

8q. Bt. 

C Rt. 

No. 

Sq Bt. 

C.Bt. 

.1 

.01 

001 

.316 

.464 

.7 

2..387 

1.7W 

.4 

3 661 

2 .175 

.16 

.0225 

.0034 

..887 

.531 


2.408 

1 7‘IT 

6 

3 688 

2 187 


.04 

008 

,447 

.585 

.9 

2.429 

1 807 

8 

3 715 

2.399 

.25 

.0625 

.0156 

..VM) 

.6.10 

6 

2.449 

1 817 

14. 

8 742 

'2 410 


.09 

.027 

.548 

66<) 

.1 

2.470 

1 827 

.2 

8 768 

2 422 

.35 

.1225 

.0429 

..592 

.705 

.2 

2 490 

1,8.17 

.4 

3.795 

2.4.13 

4 

.16 

.064 

.6.13 

7.17 

.1 

2 510 

1.847 

.6 

3.821 

2.444 

45 

.2025 

.0911 

.671 

.766 

4 

2 .1.10 

1.857 

8 

3 847 

2 4.55 

.5 


.12.5 

.707 

.794 


2 .).50 

l.WW 

15 

3 87;i 

2 466 

55 

1025 

.1664 

.742 

.819 

6 

2 .569 

1.876 

.2 

3 899 

2 477 

(i 


.216 

.775 

.81.1 


‘a.58H 

1.88.5 

.4 

:i 921 

2 488 

.66 

.422.'> 

.2746 

.806 

.866 


2 W8 

1 895 

.6 

3 9.50 

2 499 

.7 

49 

.343 

8:17 

.888 

9 

2 itil 

1 904 

.8 

3 975 

2 509 

.75 

:)625 

.4219 

.866 

.909 


2 (46 

1 913 

16 

4 

2 520 

.6 

.64 

.512 

.894 

.928 

1 

2 665 

1 922 

.2 

4 025 

2 .5:10 

M 

.7225 

.6141 

.922 

.947 


2 683 

1 931 

.4 

4 050 

2 5*1 


.HI 

.729 

.949 

.965 


2 702 

1.910 

.6 

4 074 

2 551 

M 

.9025 

.8574 

975 

,9K1 

1 

2 720 

1 94<* 

.8 

4 099 

2 561 

1. 

1 000 

1 000 

1 000 

I 000 

f) 

2 7.19 

1 9.57 

17 

4 123 

2 571 

.05 

i.io:i 

1 158 

1 025 

1 016 

6 

2 757 

1 966 

.2 

4 147 

2.581 

1.1 

1.210 

i.:i.8l 

1 049 

1 0.12 

.7 

2 775 

1 975 

.4 

4 171 

2.591 

.15 

1.82:1 

1 521 

1 072 

1.048 

8 

2 793 

1 98.1 

.6 

4 195 

2.601 

1.2 

1.440 

1.728 

1 095 

1 (MCI 

9 

2 Hll 

1 992 

.8 

4 219 

2 611 

25 


1 96.8 

1.118 

I 077 

8. 

2 828 

2 000 

18 

4 243 

2 621 

I.S 

1.690 

2 197 

1 140 

I.09I 

1 

2 816 

2.008 

.2 

4 268 

2 6:40 

.85 

1.82.8 

2 460 

1 162 

1 las 

.2 

2 864 

2 017 

.4 

4 290 

2 640 

1.4 

1 960 

2 744 

I (Cl 

1 119 

3 

2 881 

2 02.5 

.6 

4 3i:i 

2 630 

.46 

2 llVt 

8 049 

1 204 

1.1.32 

4 

2. 898 

2 0.1.1 


4..i:i6 

2 659 

1.5 

2.250 

.8 875 

1 225 

1 145 

5 

2.916 

2 011 

19. 

4 :i.59 

2 668 

.55 

2.40.) 

8 724 

1.245 

1 157 

.6 

2.938 

2 0)9 

.2 

4 :1M2 

2 678 

1.6 

2.660 

4.096 

1 26,5 

1 no 

.7 

2 9.50 

2 057 

.4 

4.405 

2 687 

.66 

2 72il 

4 492 

1 2H5 

1.182 

8 

2.966 

2.065 

.6 

4 427 

2 696 

17 

2 890 

4.913 

1 ;io4 

I.19S 

.9 

2 988 

2 072 

.8 

4 450 

2 705 

.76 

8 06.8 

5 .839 

1..123 

1.205 

9 

3 

2 OHO 

20 

4 472 

2 714 

1.6 

.8 240 

5.8:12 

I.:i42 

1.216 

.1 

3 017 

2 088 

.2 

4 494 

2 721 

.85 

3 423 

K .1,12 

1.360 

1.228 

.2 

3 0:i3 

2 095 

.4 

4 517 

2 73? 

1.9 

3 610 

6,859 

1.378 

1 239 

.3 

.1 030 

2 101 

.6 

4 5.19 

2.741 

.95 

3 803 

7.415 

1.396 

1.249 

.4 

3 066 

2 110 

.8 

4 561 

2 7.50 

2. 

4.000 

8 000 

1.414 

1.260 

.5 

3 082 

2118 

21 

4..5K1 

2.759 

.1 

4.410 

9.261 

1.449 

1.281 

6 

3 098 i 

2 12.5 

.2 

4 604 

2 768 

,2 

4 840 

10 65 

1 4K;4 

1,301 

.7 

3 114 

2 HI 

.4 

4 626 

2 776 

.3 

5 290 

12 17 

1 517 

1..320 

.8 

3,130 

2 140 

6 

4 648 

2 785 

.4 

5 760 

13.82 

1 549 

1 3.39 

.9 

3.146 

2 117 

.8 

4 iMiO 

2.T94 

.5 

6.250 

15 63 

1.581 

1..357 

10 

8 162 

2 151 

22 

4 690 

2 802 

.6 

6.700 

17.58 

1 612 

l.,375 

.] 

3 178 

2 1()2 

.2 

4 712 

2.810 

.7 

7.290 

19.68 

1 643 

1.392 

.2 

.3.194 

2 1(.9 

4 

4 7:1.3 

2 319 

.8 

7,840 

21.95 

1 Bill 

1 409 

.3 

.3 209 

2 176 

.6 

4.754 

2.827 

.» 

8.410 

24.89 

1 70.1 

1 426 

A 

3 225 

2.1K1 

.8 

4 775 

2.8,36 

s. 

9. 

27. 

1.7,42 

1.442 


.3 240 

2.190 

2:1. 

4.796 

2.844 

.1 

9 61 

29.79 

1 761 

1 4.58 

.6 

3 '2.56 

2.197 

.2 

4.817 

2.852 

.2 

10.24 

32 77 

1 789 

1 474 

.7 

3 271 

2 204 

4 

4 837 

2.860 

..S 

10 89 

35.94 

1,817 

I 489 

.8 

3 286 

2 210 

.6 

4.868 

2 868 

.4 

11.56 

39.30 

1.844 

1 .504 

.9 

3 .102 

2 217 

.8 

4 879 

2H76 


12 25 

42.88 

I.87I 

1 518 

11. 

.3 317 

1 2 224 

24. 

4 899 

2 884 

.6 

1296 

46 66 

1.897 

1. 5:1:1 

.1 

3 332 

1 2 2:11 

.2 

4 919 

2 892 

.7 

13.69 

50.65 

1.924 

1.547 

.2 

3.147 

2 237 

.4 

4 940 

2 900 

.8 

14 44 

54 87 

1.949 

1 660 

.3 

3:i62 

2 244 

.6 

4 960 

2 908 


15.21 

59.32 

1.975 

1 574 

.4 

3 .376 

2 251 


4 980 

2 916 

4. 

16. 

64 

2. 

1.587 

.6 

,3.391 

2 257 

25 

5 

2 924 

.1 

16.81 

68.92 

2 025 

1 601 

.6 

3 406 

2.2(4 

.2 

5 020 

2 932 

.3 

17.64 

74 09 

2.049 

l6i:t 

.7 

8.421 

2 270 

4 

5 040 

2 940 

.8 

18.49 

79.51 

2 074 

1 626 

.8 

8.435 

2 277 

.6 

StMiO 

2 947 

.4 

19.36 

8.5.18 

2 098 

1 6.19 

.9 

.3.450 

2 28:i 

8 

5 079 

2 9.55 

.5 

20.25 

91.13 

2 121 

1 651 

12. 

3.464 

2 289 

26 

5 099 

2 962 

.6 

2) 16 

97 34 

2.145 

1 (HCl 

.1 

3 479 

2 296 

.2 

5 119 

2.970 

,1 

22 09 

103 8 

2.168 

1 675 

.2 

3.493 

2.102 

4 

5.138 

2.978 


2:1.04 

110 6 

2.191 

1.6.87 

.3 

3 507 

2:iOH 

6 

5.158 

2.985 

.9 

24 01 

1176 

2,214 

1.698 

.4 

3 521 

2.315 

.8 

5 177 

2 993 


25. 

12.5. 

2 2:16 

1.710 

.5 

3 536 

2.121 

27. 

5 196 

8 000 

,l 

26.01 

132 7 

2.258 

1.721 

.6 

3 550 

2.327 

2 

5 215 

3 007 

.3 

27 04 

140 6 

2 280 

1 7.32 

.7 

3.564 

! 2 ;ii;i 

.4 

5 235 

S.015 

.8 

28 09 

148 9 

2 302 

1.744 

.8 

3 .578 

1 2 ;i.49 

6 

5.254 

3 022 


29 16 

157.5 

2.324 

1 754 

.9 

3 592 

1 2.145 

.8 

6.273 

3,029 

A 

3C45 

166.4 

2.345 

1 7A5 

13. 

3.606 

2 351 

28. 

5.292 

8.03T 

A 

81..86 

175.6 

2 366 

1.776 

.2 

3.638 

i 2.363 

.2 

5.310 

8*044 
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TABf jE Square*. Cube*. Square Root*, aud Cube Roata. 
of Number* from 1 to 1000. 


Bbmark on thb voLLovriNo Tahlc. Wbereier the effect of a fifth decimal in the rooU would be M 
Idd 1 to the fourth and flnol deoimol lu the table, the addition lia« been made. No errert. 


Vo. 

Bqu*re.* 

1 

Cube. 

8q. Ht. 

! C.Rt. 

1 

No. 

Square. 

Cube. 

Bq. Bt. 

C.Bt. 

1 

1 

1 

1 0000 

I. 0000 

61 

3721 

•2'26')81 

7.8102 

3 9365 

3 

4 

8 

1 4142 ' 

I 2599 

62 

3844 

2.I8.('2H 

7 KT40 

3 9679 

S 

9 

27 

1.7321 

1 4123 

63 

,3969 

•2.W47 

7 9'(7.3 

3 9791 

4 

16 

84 

2.0000 

I .5874 

61 

4096 

‘26-2144 

8(KK)0 

4 

5 

25 

125 

2.2:161 1 

1.7100 

65 

42-25 

2746-25 

8.06-23 

4.0-207 

6 > 

.36 

218 

2 4495 ' 

1.8171 

66 

4356 

287496 

8 1-240 

4.0411 

7 

49 

343 

2 6458 ! 

1.912<l 

67 

4489 

300763 

8 1854 

4 0610 

8 

64 

512 

2 H284 

2 0000 

68 

4624 

!IU4:i2 

8.-246-2 

4 08IT 

• 

81 

729 

3(K)00 

2OH0I 

6'* 

4761 

.3-28509 

8.:t066 

4 1019 

10 

100 j 

1000 

3.162.3 

2.1544 

70 

4900 

34.'tt)00 

8.3666 

4.1218 

11 

121 ' 

1331 

3 3166 

2 2240 

71 

non 

,357911 

K.4-26I 

4.1400 

It 

144 

1728 ' 

3 4641 

2 2M!I4 

72 

5181 

37:i-24K 

8.4853 

4.1601 

!H 

169 

2197 

.16056 

2 (513 


5.l-2<l 

38iW17 

8..5440 

4 1798 

14 

196 

2744 , 

3T»17 1 

2 1101 

74 

6476 

405-224 

8 00-2.3 

4 1988 

15 


3375 1 

3^7.10 

2.4662 

75 

5625 

421 875 

8.6603 

4.2179 

18 


4096 

4 0000 

2 5198 

76 

6776 

438976 

8 7178 

4 2358 

17 

2H9 

4913 

4 12:11 1 

2.5713 

77 

6929 

4565:13 

8 7750 

4 -2548 

18 

324 

5812 

4 2426 ' 

•2 6-207 

78 

60H1 

474,55-2 

8 8.318 

i.mi 

10 

'Mil 

6839 

4 3589 

-2 66-<4 

79 

6241 

49.10;i9 

8H88-2 

4.2908 

20 

400 

8000 1 

4.4721 

•2.7144 

80 

6400 

612000 

8.9 >43 

4.:i089 

21 

441 

9261 

4 5826 

2 7.5H9 

81 

6.561 

631441 

9. 

4 ,3-207 

22 

4H1 

10648 

4 6904 

2 8020 


67-24 

5.5i:i68 

9.05.51 

4 ;)445 

211 

liM 

12167 

4 7958 

2 84:t9 

8.1 

6889 

571 Y87 

9 1104 

4.:i6-2l 

24 

376 

13824 

4 8990 

2 8845 

81 

7058 

692704 

1 9 165-2 

4 ;1795 

25 

625 

15625 

5 0000 

2.9-210 

85 

7-2-25 1 

014125 

9.-2195 

4..-I9C8 

26 

676 

17576 

5 0990 

2 9625 

86 , 

7396 

6.360.56 

9 -2736 

4 4140 

27 

729 

1'K)k: 

5 l'»62 

3 0000 

87 

7569 

658503 

9.3274 

4 4310 

28 

784 

21952 

5 '2915 

3u:Hi6 

88 

7744 

681472 

9.;{808 

4 4480 

20 

841 

21.189 

5 3S.52 

8.072:1 

89 

7921 

704969 

9.4.340 

4.4647 

80 

000 

27000 

6.4772 

3.1072 

90 

8100 

7'2»000 

9.4868 

4.481i 

81 

061 

29791 

5.5678 

31414 

91 

8281 

753571 

9.5394 

4.4970 

S3 

1024 

32768 

5 6,569 

31748 

92 

8464 

778688 

9.6917 

4.5l4i 

88 

1080 

3,5937 

5 7446 

8-2075 

93 

8649 

804357 

9.643T 

4.5807 

84 

1156 

39304 

6.8310 

3 2396 

94 

8836 

830584 

9.69.54 

4.5468 

36 

1225 

42875 

5.9161 

8.-2711 

85 

9025 

857375 

9.7468 

4.5620 

88 

1298 

46656 

6 0000 

3.3019 

96 

9216 

884736 

9,7980 

4 5780 

87 

1389 

506.53 

6 0M8 

:i .332-2 

97 

9409 

912673 

9 8489 

4..5947 

38 

1444 

54872 

6 1644 

3:1620 

98 

9604 

941192 

9.8995 

4.6104 

80 

1521 ! 

59319 

6 2150 

3 :t91-2 

99 

9801 

970-299 

9 9499 

4.6-261 

40 

1600 1 

64000 

6.1246 

3.4200 

100 

10000 

10(10000 

10. 

4.6416 

41 

1681 

68921 

6.4031 

3 448-2 

101 

10201 

1030.301 

10.0499 

4.6.570 

43 

1764 

74088 

6.4807 

8 4760 

10-2 

10104 

1061-208 

10 0995 

4.67-23 

43 

1849 

79507 

6 5374 

3 .'i0.14 

KKS 

10609 

1092727 

19,1489 

4.6875 


1936 

H51H4 

6.63:1-2 

3.5.303 

104 

10816 

1124864 

10 1980 

4.7027 

45 j 

2025 1 

91125 

6.7083 

3.5569 

105 

11025 

1157625 

10.-2470 

4 7177 

48 ' 

2118 ! 

97338 

6 7823 

3 58.30 

106 

112:16 

1131016 

10.2956 

4.7320 

♦7 i 

1 2209 

10:i823 

6.8557 

86088 

107 

11449 i 

1-2-2.5043 

10 3441 

4,7475 

48 

2:104 

11 <1592 

6.9283 

3.6342 

108 

11664 

1-2.5971 -2 

10.3923 

4.76n 

4» 

2401 1 

117649 

7 0000 

3 659,1 

109 

IIKHI 

1-2950-29 

16 4403 

4 7700 

W 

2500 1 

125000 

7.0711 

8.6840 

no 

12100 

I.’UIOOO 

10.4881 

4.7914 

51 ; 

2601 

1S2651 

7.1414 

8 7084 

111 i 

12321 

1.367631 

10.5357 

4.8050 

12 

2704 

140608 

7 '2111 

3 7325 

112 

12544 

1404928 

10 58.30 

4.8208 

58 

3809 

148877 

7 2801 

3 7.563 

113 ! 

12760 

144-2897 

10 6.301 

4.8340 

54 

2916 

157464 

7.3485 

8 7798 

114 I 

12996 

1481544 

10 6771 

4.8488 

55 

3025 

166375 

7.416-: 

8.80.30 

115 j 

13225 

1.528875 

10.7-238 

4.8020 

58 

3138 

175818 

7.4833 

8 8-259 

116 

1.3456 

1560896 

10.7703 

4.8770 

67 

3249 

185198 : 

7.5498 

.3,8485 

117 

13689 

1601613 

10.8167 f 

4.8910 

58 

3384 

195112 1 

7.6158 

8.8709 

118 ' 

1:I9-24 

164303*2 

10.8628 ’ 

4.9040 

50 

8481 

206379 

7.8811 

8.8930 

119 

14161 

1685159 

10.9087 

4.9187 

iO 

MOO 

318000 1 

7.7480 

8.9149 

120 

14400 

1729000 

10.9645 

4.98M 







56 


squares, cubes, and roots. 


TABLK or^qimren. Square Rools, a^d ('ube Roota 

of JKiimberN Troin 1 lo 1000— (CuNTixuhu ) 


Ho. 

Square. 

Cube. 

Sq. Bt. 

C.Rt, 

No 

Square. 

Cube. 

8q. Bt. 

C.B*. 

121 

HCtl 

1771 '.1,1 

II. 

4.9461 

186 

34596 

64348.50 

1:1 

5.7083 

122 

14Hh4 

IMI'.Hlrt 

II 0454 

4.9.597 

187 

84909 

6:)19'203 

1:1 1,748 

6.7185 

128 

ir.12') 

186081,7 

11 090) 

4.9782 

IHS 

.8.5:144 

t>(!44672 

1:1.711:1 

6 7287 

124 

16.!7<i 

1906(>'24 

11 i;u5 

4 9866 

189 

35721 

6752269 

13 7477 

5 7.888 

125 

1.5625 

1953125 

ii.mi 

6. 

190 

3(>1U0 

68.'>9000 

13.7840 

5 7189 

126 

15«76 

2000176 

11.2250 

5.01.8.8 

191 

36481 

694,7871 

13 8208 

6 7.', 90 

127 

161. >9 

2018W,i 

II 2694 

5-0265 

192 

.86864 

T07788ft 

1.4 8561 

5 71)!«) 

128 

lt;iM4 

20*17152 

11.8137 

6.0.197 

193 

, 87249 

7189057 

l.i 8*12 1 

5 7790 

12!» 

1(>6I1 

21 (6689 

1 1 .1578 

5 0.528 

194 

376:16 

7.101 :>8 4 

I.i 9284 

6 7890 

180 

16900 

2197000 

U 4014 

6.W..H 

195 

88025 

7414875 

1.8.9642 

6.7989 

181 

17161 

2218091 

11.4455 

5 0788 

196 

.88416 

75-295:i6 

14 

6.8088 

132 

17424 

229‘>96K 

11 4*t91 

5.0*116 

197 

88809 

71,4537 1 

14 0:1.57 

6 HI86 

i:t3 

17689 

2.152W7 

1 1 5.126 

5 104,5 

198 

.89204 

77(!‘2:)92 

14 0712 

6 8285 

184 

17956 

2400104 

11.57.58 

5 1172 

199 

.89001 

7880599 

14 1067 

6 8.183 

18» 

1H225 

2460.175 

11.6190 

5 1299 

200 

40000 

8OOO0OO 

14.1421 

6.8480 

m 

18496 

2515156 

11 6619 

6 1426 

201 

40401 

81 •20601 

14 1774 

6 8578 

187 

18769 

2571.1.58 

11 7047 

6 I.55I 

•m 

4080 4 

821 2408 

14 -2127 

6 8675 

188 

19044 

2628072 

11.7478 

5 l(,7(> 

201 

4r209 

K165427 

14 2478 

6 8771 

18» 

19121 

268.5619 

11 7898 

5 1801 

204 

4I6I6 

8489664 

14 •28-29 

6.8868 

140 

19600 

2744000 

11 8.122 

5.1925 

205 

i'202) 

86151*25 

14.3178 

6.8064 

141 

19881 

2808221 

11.8748 

5 2048 

206 

4'4:i6 

9741BI6 

l4.:i.5-27 

6.9059 

142 

20164 

2.86, 12, 88 

11.9164 

5 2171 

207 

4*2849 

886*1748 

U.:4H75 

6.9156 

148 

20149 

2924207 

11 9583 

.5.2293 

208 

4.1264 

8*198912 

14 im 

6.9250 

144 

207:i6 

2*18.5984 

12 

5,2415 

209 

43681 

9r298‘29 

14 4.568 

6.9345 

145 

21025 

3048625 

12.0416 

6,2.530 

210 

44100 

9261000 

14.4914 

6.9439 

146 

21816 

,81121.86 

12.08.80 

5.2656 

211 

44.521 

98a89;n 

14 52.58 

5.9533 

147 

21609 

.1176,12.1 

12 1244 

6.2776 

212 

44944 

9.>’2«I28 

14.5602 

•5.9627 

148 

21904 

8211792 

12.1655 

5.2896 

213 

45;i69 

9t8U,597 

14 6945 

6 9721 

149 

22201 

.8 107*1 W 

12 2066 

5 .1015 

•214 

45796 

9800844 

14 6-287 

5.98N 

160 

22500 

3,175(3)0 

12 2474 

5.313:1 

215 

40225 

99.18375 

14.6629 

5.9907 

161 

22801 

.8442951 

12.28.82 

56251 

•216 

466.56 

10077696 

14 6969 

6 

152 

2.1104 

.8' 1180.8 

1 11.8288 

r> .1.8 Ii8 

217 

47089 , 

10218.11:1 

14 7.809 

6.009*2 

163 

2.1109 1 

.1..81.577 

11369.1 

6.-8485 

•218 

47524 

10:160282 

14 7648 

6 0186 

164 

2.1716 

1652.'64 

12 40*17 

6 3(MI 

219 

47961 

1050.1459 

14.7986 

6.0277 

165 

24025 

3728875 

114499 

0..87I7 

220 

48400 

11)648000 

14 8824 

6.0368 

166 

24886 

379<>tI6 

114900 

6 ..8 h:i2 

221 

46841 

10793H61 

14.8661 

6.0459 

157 

34t>49 

886989.1 

115100 

6.1917 

222 

49284 

10941048 

14 8997 

6.05.50 

158 

24964 

8911.112 

12 54,<JH 

6.40(>1 

m 

49729 

11089567 

14 9332 

6 0641 

16S 

25281 

401*1679 

12 6095 

6.4175 

•2-24 

.50176 

ir2.19424 

14.9666 

6.0732 

160 

25600 

4096000 

12 6491 

6.42H8 

225 

506'25 

11.190625 

15. 

6.08*22 

161 

2S92I 

417.8281 

12 6886 

5.4401 

2‘26 

61076 

1154:1176 

15 0.833 

6.0912 

162 

26244 

42515'2« 

12 7279 

6 4514 

2-27 

61529 

1109708:1 

15 0666 

6.1002 

16:( 

26569 

4.430747 

12 7671 

5 4626 

2-28 

61984 

11852352 

15.0997 

6.1091 

164 

26896 

4410944 

12*8162 

5 47:17 

2-29 

6‘2441 

12008989 j 

15 1.827 

6.1180 

165 

27225 

4492125 

118452 

6.4848 

2.40 

6-2900 

12167000 

15.1658 

6.1269 

166 

27556 

4574296 

12 8841 

5.4959 

Kll 

63361 

12.826891 

15 1987 

6.1.858 

167 

27.889 

465746.1 

12 9228 

5 5069 

•282 

53824 

1-2487168 

15*2315 

6.1446 

168 

28224 

4741632 

12 9615 

5 5178 

•23.8 

64289 

r26408;i7 

15.2648 

6.1334 

168 

2.8561 

4826809 

18. 

5.5288 

234 

54756 

12812904 

16 2971 

6 1622 

170 

28900 

4913009 

13 0384 

5.5:197 

'2:(5 

65225 

12977875 

15.3297 

6.1710 

m 

29241 

5000211 

18 0767 

5.5505 

2:46 

55696 

18144256 

15 8623 

6.1797 

172 

29.584 

.5088448 

1.8 1149 

.5.5613 

•287 

56169 

1.13120.53 

15 .8948 

61885 

178 

29929 

5177717 

13 1529 

6 5721 

•2:w 

56644 

13481*272 

15 4272 

6.1972 

174 

80276 

6268024 

13 1909 

5 5828 

•2:49 

57121 

KMt,51919 

15 4596 

6.2058 

175 

30625 

5.159.175 

1.1.2288 

5.59:14 

2(0 

57600 

1:4824000 

15.4919 

6.2145 

176 

30976 

5451776 

1.8 2665 

6 6041 

•'41 

63081 

18997521 

15.5‘242 

6.-2231 

177 

81829 

.5.5452.8.8 

1.1..1041 

5.6147 

, 242 

58564 

14172488 

15.5563 

6.2317 

178 

81684 

663*17.52 1 

1.1 .1417 

5 6252 I 

f '24.8 

59049 

44,848907 

15 5885 

6.2403 

178 

32041 

5785;U9 1 

18 .1791 

5 6:157 ' 

244 

595.86 ' 

U.526-'84 

15.6-203 

6.*2488 

180 

83400 

5832000 

13,4164 

5.6462 

245 

600*25 

14706125 

15 65*25 

6.-25T3 

181 

82761 

5929741 

18 4.536 

5.6.867 

•246 

60316 

14886986 

15 6844 

6.2638 

183 

8.8124 

6028568 , 

18 4907 

5.6671 

•247 

61009 

1.5069223 

15.7162 

6.2743 

188 

3.8499 

6128487 1 

13..5277 

5.6774 

248 ; 

61504 

1325-2992 

15 7480 

6.3828 

184 


6229504 1 

13..564T 

5 6877 

•248 i 

6>2001 

15488249 

15 7797 

6.39II 

185 

34225 

6331625 I 

13.6015 

5.69H0 

230 1 

62300 

15625000 

15.8114 

6.29N 




' SQUARES, CUBES, AND ROOTS. 67 


TABLE of f^unarea, Cabca, ftqnaro Roota. and Cube Roota, 
of \umbeni from 1 to 1000 — (Contindu) ) 


No. 

Square. 

Cube. 

8q. Rt. 

C. Rt 

No. 

Square. 

Cube. 

8q Rt. 

C.Rt. 

2.M 

0 IIKIl 

1 .5i,(2;>i 

1 ( .-1,10 

6 .1050 

316 

‘>'*5 ,6 

.11 (.711>H( 

17 7764 

(( 5] 1:1 


hl.'iOl 

1(>0(U(MI5 

1 ( 571.7 

6 1161 

.117 

KMIlM* 

31K)..K)1 1 

17.504.7 

14 5155 

25 < 

(<4IMK) 

lhl!M277 

1 > 'tlHiO 

6 1217 

315 

101124 

.121.774 12 

17 5:i-2i; 

6 H2:,6 

2.54 


1I..157(K(4 

1 (9174 

hXllO 

319 

lOITdl 

3 2 K.l 7.(9 

17 5606 

6 H.1'28 


(*,'5125 

llm5137.3 

17 %57 

6 141.1 

.120 

102400 

.127(>8(IO0 

17 5855 

u 5:199 



l(i7772lf. 

16 

6 U‘«. 

121 

101041 

.3.3076161 

IT 914,5 

6 5170 


(>(iil49 

I)i974.>9.l 

1l( 0112 

6 .1.(7** 

322 

10.14(54 

.Ui56215 

17 9144 

f, K741 

V 

fill 

1717.1.(12 

1(((M(24 

(( Udd 

.12.1 

104.429 

■1,1695267 

17 9722 

6 5612 


(>j05l 

17.17.1979 

Il( 09.1.( 

6 .17 1.1 

.324 

104976 

3401-2221 

Ih 

6 54,5:1 

2(i0 

(n<<00 

17.376000 

l)( 4247 

6 152,7 

32.7 

105((2.i 

.14.1-281-25 

15 0278 

6 8753 


(i512l 

17779751 

16 47.7.7 

6 1907 

326 

11K(276 

.3464.7976 

15 0 (.75 

6 88-24 


(>5(t(4 

17951725 

46 15),4 

6 1*55 

.127 

l(Ki*29 

.S4i*(.'i7M 

15 05,11 

6 8894 


(i9169 

15191147 

46 .17.4 

6 407** 

.328 

11*7 (51 

3.257)32 

15 1105 

6 8964 


(>9(i% 

I5i'5.l71l 

46 2451 

(. 1171 

329 

105241 

!.(.ir259 

15 1351 

6 90.34 

2(i> 

70225 

1860962.7 

16 2755 

6 12.12 

310 

108900 

.i5‘l.t7lHK) 

18 16,)9 

6 9104 

2(!H 

707.55 

|55"1090 

1(4 409,7 

(. 4312 

311 

109-(6l 

36‘24(169| 

15 1914 

6 9174 

2(i7 

71159 

|90!||((.i 

l6 4404 

(( 1 19 4 


110221 

3(579 1.I6H 

15 2-209 

6 9244 

•m 

7I5.'( 

19.’15nl» 

l(. .707 

6 147 1 

311 

1 1(*H59 

36921.0 17 

J5 245.1 

6 9:11s 


72U>I 

^•^(-(IfM 

16 4012 

6 4,7.7 4 

314 

1115((( 

372.79701 

15 2757 

6 938-2 

270 

72}KK» 

I'H(MINN) 

1(( 4.317 

6 4(51 4 

.133 

11222.* 

.17,795.175 

18 .1030 

6 9451 

27 1 

:;ii4i 

1W2711 

16 1621 

6 4713 

3.36 

1125% 

3Tl»'t 1071. 

ih:i.4o;i 

6 9521 


7.i'l5l 

2012 9(15 

144 4924 

6 47'I2 

.3.17 

1 1.1,(((9 

.152727.. 1 

15:4.771, 

6 91)89 

271 

7 (5. '9 

20.46117 

16 7227 

6 4872 

338 

111214 

.151,14472 

15 .1848 

6 9658 

274 

7 )il70 

211(70524 

16 .(29 

6 1*971 

339 

114921 

.15955219 

15 41 J) 

6 97-27 

275 

7 >li25 

2079687.7 

1(1 (5.41 

6 7010 

340 

11(1400 

.19,101188) 

18 4.191 

6 9795 

275 

70170 

21024776 

1(4 61.42 

6 .7105 

341 

1 l((25l 

396,1521 

15 466-2 

6 9864 

277 

70719 

2l2j,19ll 

|l( 6141 


312 

1 1((9((1 

|(88)l(>55 

15 19.12 

6 9939 

27N 

77i'» 

214819,72 

I(( ((7.61 

6 (2l5( 

.11.1 

II7*(19 

401.71607 

15 5203 

7 

27» 

77541 

21717619 

l(( 7011 

6.7411 

,144 

JIM 16 

40707.754 

15 1,172 

1 0068 

2H0 

75400 

21972000 

16 7 1.12 

6 5421 

.145 

119025 

410(51625 

15 5142 

7 0136 

2hl 

75!5,1 

22155011 

I6 7(5ll 

6 54!t9 

.„(, 

119716 

41421716 

15 6011 

7 0208 

25.' 

79 i.M , 

2212.77*51 

16 7929 



1 21*115* 

41751923 

15 1,279 

7 0271 

2K{ 

50(159 

22f(((.(l57 

I6 5226 ' 

6 .'>((.74 

348 

I211(*4 

42111192 

15 6,,4H 

7 o.i:i8 

1H4 

50(,'>6 

2290(1.104 

I6K(24 

6 77.11 

349 

121501 

42:5Ki49 

15 6815 

7 0406 

2«5 

5122.5 1 

^ 2 41 49123 

1 16 5819 

6,7505 

.150 

122(4*0 

42875000 

)8 70»3 

7.0478 

2N! 

51796 

2119.46.76 

■ 16 9113 ! 

6 7587 

371 

123201 

4324:1771 

15 7,150 

7 0540 

257 

5'2.1h9 

2'9( 1990.1 

16 9111 j 

1 6 7!N>2 

.t.>2 

1'2.1'JOl 

41614205 

15 7617 

7 0607 

255 

52944 

21587572 

! 16 970(( ' 

6 ((019 1 

37;i 

|■24(((*9 

4 19561*77 

18 788.3 i 

7.0674 

259 

Kl').’! 

24117.7(49 

17 

6 6117 

3.74 

127.116 

4 1361 5(, 4 

18 5149 ! 

7.0740 

290 

51100 

24.489000 

T-O."!! 

6(>19l 

3o5 

1 2(K*25 

447.38875 

18 8114 

7.0807 

291 

54(151 

24642171 

17 0.757 I 

6 6267 

3.76 

1-267.16 

47115016 

18 3680 

7 087.3 

292 

5., 264 

21597058 

17 0550 

6 ((.lit 

.177 

1 27449 

4 7499'29,1 

15 5944 

7 0940 

29.1 

5 (549 

27171777 

■7 1172 

6(>4|9 


I2»I*U 

4:,552712 

18 9-209 

7 1006 

29 » 

5(i4 lt( 

2)112184 

17 1464 

6 (>494 

.179 

1 25551 

4626827't 

15 947:1 

7 107-2 

29.5 

5702.') 

27672173 

17 17.76 

6 6.’>b') 

.1»0 

l296lHi 

4r,6.76UO0 

18 9737 

7 11.38 

m 

57(;Ui 

2>9:i4:i.l6 

17 2017 

6 (i(,14 

K.l 

134*121 

4704.7551 

19, 

7 1204 

297 

55209 

261 >1507.1 

17 2 '..17 

6 (.719 


1 (1014 

474 !7925 

19 0-26.1 

7 1-289 

295 ' 

55(5)1 

; 26464,V»2 1 

17 *(,27 

6 (.791 

1(.3 1 

1 1I7((9 

4751-2147 

19 0526 

7.13,35 

299 

59401 

2()7,10599 

1 1, 2916 

6(’(.5li9 

3(.l 

1 I2t'*6 

45'22H.)44 

19.0788 

7 1400 

dIKI 

‘.MHMIO 

27(H10000 I 

17 .1200 

6li<(ll 

.!*(,> 

111225 

48627125 

19.1050 

7 1466 

:ioi 

90601 

27270‘HU 

1 17 1194 

6 7015 

3r.6 

lt3't'.6 

1 4'8*275% 

19 1311 

7.16,31 

!W2 

91204 

2774 9(05 

17 1751 

6 70'*' 

.1(,7 

, I tll.5<» 

' 4911086.1 

19 1.772 

7.1596 

:iai 

91509 1 

t 27-. 5127 

17 4*8(9 

6 TKd, 

3C.5 

11(424 

' 49516012 

19 llCIl 

7 1661 

304 

92416 i 

I 251*94464 j 

1 17 4 ;r>(> 

6 7210 

.369 

136161 

70-213409 

19 20-34 

7 1726 

303 

9;H)25 ! 

2M72625 

1 17 4642 

6.7.313 ! 

870 

]:«(9oo 

0065.1000 

19 rm 

7.1791 

106 

03636 ! 

28662616 ’ 

17 4929 

1 6.7387 

871 

137641 

51064811 

19-2614 

7 1865 

307 

94249 

289.1444.1 

17 .7214 

6 7460 

872 1 

138.184 

51478848 

19 2873 

7 19-20 

303 

94864 

2'9218H2 

17 3199 

, 6 75,3.3 

87.4 

1391-29 

51895117 

19 :il3‘2 

7.1984 

309 

95451 

29.70'1629 

17. .7754 

6 748*6 

874 

1.39876 

5231.36-24 

19 3:wi 

7.-2048 

310 

96100 

29791*100 

17 6068 

1 6.7679 

375. 

1406-25 

5-2784375 

19 3649 

7.211-2 

811 

96721 

300602.31 

17.6352 

6.7752 

876 

141376 

63157376 

19.3907 

7 -2177 

812 

97344 

30171 328 

17 66.35 

6.7824 

877 

143129 

515826.13 

19.4165 

7.-2-246 

813 

97969 

1 .304464297 

17 6918 

6.7887 

378 

14-2884 

5(0101.72 

19 44-2-2 

7.2Stl4 

8H 

98696 

.30959144 

17.7200 

6.7969 

379 

14.3641 

544399:i9 

19.4679 

7.2366 

81$ 

1 99225 

312&&e7& 

17.7482 

6.8041 

380 

144400 

5487-2000 

19.^36 

7.2439 
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SQUAKE8, CUBES, AND ROOTS. 


TABLE of Squares, Cubes, Square Roots, and Cube Roots, 
of Numbers from 1 to 1000— (Continueh.) 


No. 

Square. 

Cube. 

Sq. Bt. 

C.Bt 

381 

145161 

,55*)((6*[tl 

10 51*12 1 

7 *24*15 

382 

14.5924 

55742968 

19.544H 

7 *2.558 

38.3 

146689 

.56181887 

19 .5701 

7 *26*2*2 

3K4 

1474.56 

566*2111(1 

19 5959 

7.'2685 

.385 

148225 

57066625 

19 6*214 

7.*2748 

386 

]48'(<(6 

57.512156 

19 64IM 

7 ‘2911 

.387 

149769 

57!K)0601 

19 67*2.( 

7 *2874 

388 

1.50.544 

5841107*2 

19 6977 

7 29:16 

389 

1.5i:t21 

58861869 

19.72:11 

7 *2999 

390 

152100 

59:119000 

19 7481 

7 .1061 

.391 

152881 

.59776171 

19 77.(7 

7 .11*24 

89*2 

J.5.'tG64 

6f(2 16*288 

1*1 T'HIO 

7 3186 

.393 

154449 

6(10984.57 

19 821*2 

7.3248 

394 

155*2.16 

6110*2981 

19 Hl'U 

7 .’UK) 

395 

1560*25 

616*2987.5 

19 8746 

7.:W2 

896 

1.56HI6 

6'J0'*9136 

19 8997 

7 'H i! 

897 

1.57(X(9 

6257077,3 

19 9249 

7 (496 

3.98 

1. 58401 

(1 IOI(7'(2 

19.9 49<» 

7..1.558 

399 

1.59201 

6*1,52119*1 

19 97.50 

7 .3619 

400 

KkXWO 

fiKKKKHKl 

20. 

7.J681 

401 

iwwoi 

61481*201 

■20 0*2.50 

7 374*2 

40*2 

KiKiOl 

(.1‘HilHOH 

•20 04'l*( 

7.3Ht).( 

40:4 

162109 

651.508*27 

■20 0749 

7.:i864 

404 

i(i:( 2 in 

659.19*2(11 1 

20 0*8(8 

7.3925 

405 

161025 

664 *(01*25 

20 1*246 

7 *(981. 

406 

1648.'(6 

6092((I6 

20 1 494 

7 4047 

40T 

16.5619 

(.T»l914*i 

20 1 74‘2 

7.MU8 

408 

166104 

679n:i!*2 

•20.199(1 

7.4169 

409 

167*281 

681179*2*1 

•20 ‘2‘237 

7 4*2*29 

410 ! 

168100 

68*2*21000 

20 2485 

7 42tHI 

411 1 

168921 

694*26.531 

20 2731 

7 4.150 

412 

16*1741 

6'(*M4528 

20 ‘297,8 

7.4411) 

413 

17fl.)6» 

-11444997 

•20 3*221 

7.44-0 

414 

17i:t96 

7<l!(,57944 

20 .3170 

7.45*(0 

415 

172*2*25 

71473:175 

20 ;i7I.) 

7.4090 

416 

1730,56 

71*(!ll*296 

•20 .3961 

7 46.50 

417 

173889 

7 >51 171,1 

•20 4206 

7 4710 

418 

174724 

7l01l();i*2 

•20.4450 

7.4770 

419 

175.561 

7.1.5(H)0.59 

*20 4695 

7.48*29 

420 

176400 

74088000 

20.4939 

7.4889 

421 

177241 

74618461 

20 518.3 

7 4948 

4*22 

178084 

75151448 1 

20 54*26 

7.5007 

423 

1789*29 

75686967 

20 5670 

7.5067 

4*24 

179776 

762*2.50*24 

20.,5913 

7 51*26 

425 

180625 

767656*25 

'20.61.55 

7.5li» 

4*26 

1 SI 476 

77308776 

•20 6,39.8 

7.5-244 

427 

182.C29 

778.5448:1 

20 6640 

7.5302 

4*28 

18.(184 

7840275*2 j 

20 6882 

7.5.361 

4*29 

184041 

78953.589 

20 71*2.4 

7.5420 

480 

184900 

79507000 

20.7364 

7 5478 

431 

185761 

8006*2991 

20.7605 

7 55.37 

43*2 

1866*24 

806*21568 

‘20 7846 

7.5595 

483 

18-488 

8118*2737 

‘20.8087 

7.5654 

434 

1883.56 

81746.504 

20.83‘2T 

7.5712 

435 

180*2*25 

82:41*2875 

30.8567 

7.5770 

486 

190096 

82881856 

20 8806 

7.5828 

487 

190969 

8:145.345.3 

20.9045 

7.5886 

488 

191844 

84027672 

20.9284 

7 5944 

439 

192721 

84604519 

30.9523 

7.6001 

440 

193600 

85184000 

20.9782 

7.6059 

441 

194481 

8.5766121 

21. 

7.6117 

442 

195364 

86.150888 

31.0238 

7.6174 

443 

196949 

86938307 

21.0476 

7.6*232 

444 

197136 

87528384 

31.0713 

7.6‘2(» 

446 

198025 

88121125 

21.0950 

7.6346 


No. Square. Cube. 8q. Ht. i C. Rt. 

-•Jf. 1SM9I6 'il 11K7 7 CKU 

1H0H09 89;n4r,il 21 H-.i4 7m(» 

4W *200701 fi9915:W2 ‘21.1000 7(1517 

4W ‘201001 ')051KR4‘I ‘21 1K% 7 0'i74 

450 20‘2.500 <m‘2500(i ‘21 •2102 7 »>05l 

451 20‘t401 3I7m'>l ‘21 ‘2.108 7 00M8 

452 ‘2011114 !»2,tl51()H 21 201U 7 0744 

451 ‘.'O-.-lOO 0‘2059077 ‘21 '28:18 7 0801 

454 ‘IIM.IIO imiOeOl 21 3070 7 0857 

455 ‘2070*25 itll9«’kl75 ‘21 3307 7.0914 

450 207930 94818810 21 3512 7 OTO 

457 208819 9544*19*1.1 21 1770 7 7020 

458 209764 90071912 21 1009 7 7082 

459 2100KI 9670257*1 21 l‘243 7 71 18 

400 211600 97.1300(31 21 4470 7 7194 

401 21*2.521 97972181 21 1709 7 7*2.50 

40*2 21.5141 *(8011128 21 1*11*2 7 7 9(0 

46;i 214.109 9'J'2.5*28I7 21 .il74 7 7162 

4(>4 21.5*258! ‘(>18<>T3J1 *215107 7 7418 

405 216*2*25 100.5446*25 21 5039 7.747.1 

400 217156 101191090 21 5870 7 75*29 

407 *218089 101H.17.50;! 21 0102 7 7,584 

408 *2190*24 1025032 1*2 1 21 (i:!.!.! 7 76*19 

40<1 219901 10 1161 709 21 0504 7 7695 

470 2*20900 10.18*2,(000 21 0795 7 7750 

471 221841 101(.87111 21.7025 7 780.5 

472 *22*2784 105154048 21.7*2 lO 7 78(*iC 

173 *2*2 1729 10.58*2;WI7 ‘21.7481; 7 7915 

474 2‘24(.70 100490424 21 7715 7 797# 

475 2*256*25 107171875 ‘21.7*145 7.8025 

470 *2*265:6 107'*.5()170 21 8174 7 8079 

477 227.)*i9 10,8.5.11,33,1 *21 8103 7.KM4 

478 ‘2*38184 10'(*215:».52 21 8(*h!'2 7 8188 

47'( 229J41 10'8)0*2*219 21 88(,I 7 8*243 

480 2;$0400 110:i92(X10 21 9089 7 8*297 

481 *2.11.161 1111*281011 21 9.! 17 7 63.5*2 

482 *2.t*2.i*24 I1I')8((168 21 9.545 7 8406 

483 •2.TI289 112076)87 *21.977.3 7 8400 

481 211*250 1III7!)!N)I *2*2. 7.8514 

485 *2.1.1225 11408412.5 2*2.0*227 7.8508 

480 2.30196 111791*250 2*2 0454 7.86*2*2 

2.3710*3 11.5.501*103 22 0(W1 7 8070 

488 238144 110214272 22 0907 7.87:30 

48*1 *2,39121 IIO'CIOIIW 2*2 1i:33 7 8784 

490 ‘240100 117649000 ‘2*2 17159 7.88:31 

491 241081 1IR37077I 22 1.565 7.H891 

492 242064 1 19095488 22 I8H 7 8944 

4*»3 *24.3049 1198231.57 22 20.36 7.8998 

494 244630 12055.3781 2*2 *2*201 7.9051 

495 2450*25 1 212873T5 22.*2486 7.9105 

496 246016 1*2*20*2,3936 2‘2.*271l 7,9158 

497 247009 1*2*276317:3 2*2.2935 7.9*211 

4‘»8 248004 1*2:3505992' 22.3159 7 9264 

499 249001 124*251499 22..3383 7.9317 

500 250000 1*25000000 22.3607 7.9370 

501 251001 1*25751501 22.3830 7.94*23 

60*2 25*2004 1*20506008 2*2.4054 7.9476 

503 25:i0((!t 1*272635*27 22.4277 7.9528 

504 254016 1*280*24064 22 4499 7.9581 

505 255025 1*28787625 22.4722 7.9634 

506 2560.36 129554216 22.4944 7.9686 

607 257049 130323843 22.5167 7.9739 

508 238064 131096512 22.5389 7.9791 

509 259081 1.318722291 22.5610 7.9643 

510 160100 1326510001 2*2.5832 T.96M 
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TABIjE of Sqnaren, CnboM, Mquaro Rootn, and Cube Roots, 
of aumbers from 1 to 1000 — (Continued ) 


1 

i 

No. 1 

Square. 

Cube. 

1 

8q Bt. 

C. Bt. 

! 

No. ; 

Square. 

Cube. 

Sq Bt. 

0. Bt. 

511 1 

201121 

l.-t;U.T2H.ll 

-22.605.1 

7 9918 

3T6 

:i.ll776 

19no-2<)76 

21. 

8 3-203 

bl2 1 

282144 

1312177-28 

-22 6274 

h 

.>77 

:i.i‘2»i2‘) 

1921000.1.1 

24 0208 

8 3261 

&].') 

•26;1169 

135003697 

22 6193 

8 (8)32 

378 

.511084 

19,11005.5-2 

‘24 0116 

8;i;too 

hU 

264196 

i:i.>796744 

22 6716 

8 0101 

.379 

.5.t:)2ii 

194104.5:19 

‘24 0624 

8 3340 

M5 

265'225 

1.9)390875 

2-2 6916 

HU1.>6 

.580 

336400 

19311-2000 

24.08:12 

8.3396 

516 

2682.56 

l'17'i8«09h 

92 7156 

8 0208 

581 

JWT.'iOl 1 

11811-2-2941 

24 lo:)9 

8 ;i44,S 

.517 

207289 

1.18188413 

•2-2 7.iT(i 

8 ()2(rt> 

.582 

3187-24 1 

197l:i7:i08 

21 1-247 

8.;i49l 

.518 

268.124 

138991812 

22 7.)'M1 

8 out 

:)Ni 

3:19889 I 

l't«in, 3-287 

21 1134 

H.:i.3-i» 

519 

2891101 

139798:139 

•22 7816 

8 0:i6l 

384 

311030 ; 

199176704 

‘21 1(9)1 

8 :i.‘)87 

520 

270400 

i 140608000 

22 803.3 

8.0113 

.383 

1 .U-2-2-25 

2(H)2016‘23 

24.) 868 

0.30.-14 

521 

271441 

HI 420761 

22 82.54 

8 0166 

386 

34.1 l*Ni i 

•2012.50056 

24.-2074 

8.3683 

522 

272484 

142236048 

22 kH.! 

8 0)17 

387 

34iri(>9 I 

•202‘26-20a5 

■24 2-281 

».378(r 

52.1 

27 1:>29 

14;iO.V)667 

•22 8>)92 

H o:i)M 

.388 

34.3744 

20:129717-2 

*24 ‘2187 

8 3777 

,5Jl ; 

27l.')76 

14.18778-24 

•22 8911) 

8 0()20 

389 

3i6<)‘2l 

-21M 336469 

24.269.1 

8 ;18‘26 

525 

27:1625 

1447031-23 

-2-2 9129 

8(N>T1 

390 

348100 

■ 203:179000 

24 2899 

H 3872 

5*20 

270076 

145511376 

-2-2 9-117 

8 07-25 

.591 

349-281 

‘20642.3071 

‘24 ;iio.5 

8..59I9 

527 

277729 

14(1.18 ilKt 

-22 9. (m 

8 0774 

592 

3304(>4 

1 -207 17 08(8 

‘24 . 5:111 

0 .5967 


27^781 

1471979.52 

•22 97K5 

8 082.3 

.39.1 

331649 

1 •A»\)2;837 

24 .-1.316 

8.4014 

529 

2T'tN(l 

1480 I3K99 

•2.1 

8 0876 

594 

3328(6 

-20'ir)M,384 

24 3721 

8 4061 

5»0 

280900 

148877000 

23 0217 

8 0927 

.593 

354023 

21(8)41873 

24 :i9-26 

8 4106 

5.51 

2KI961 

1497-21-291 

23 04 14 

8 0978 

396 

.533216 

2in0K7:i() 

-24 4i:ii 

8 415.5 

5:12 

;"1024 1 

i:)0.5( 31768 

21 (Hul 

H 1028 

1 .397 

351)409 

-21-277617:1 

•24 41:10 

8 4 202 

m 

2K40K9 

1 1311194:17 

2.1 0H()8 

1 8 1079 

i .598 

357004 

•2i:i817192 

■24 4340 

8 4-249 

, .534 ' 

2851 :)6 

i 15227 1104 

•23 lO^i 

8 ll.H) 

.599 

.538801 

•214921799 

-24 174.3 

8 4-290 

5.‘i3 

286223 

1 i.).ii:ioi73| 

2.1.1.101 

1 8 1180 

<8)0 

360000 

2HM)(K)0()0 

21.4949 

8.4343 

6.56 i 

2872<)6 ' 

15 1'lMoorrfi 

21 1517 

8 1251 

601 

.561-201 

217081801 

24 31 . 3:1 

H.4;i9l 

MT ' 

288;{8M 

i5iH,-.4r).ii 

21 17.11 

8 1281 

)HV2 

362104 

■2 181 (.7-208 

•24 ;.:i37 

8.446T 

538 

280m 

1.5572(1872' 

-21 1948 

H 1312 

(81.1 

363(8)9 

219236-227 

24 sro.i 

8 448) 

5.19 , 

2911321 . 

1.56.590819’ 

I 21 2l()4 

8 1.18-2 

(8)4 

364816 

‘2‘,ai, 118861 

‘24 .5761 

8.4580 

640 

291600 

1 137 0)4000 

1 23 2.179 

I 8 14.13 

(8)3 

;i6()0‘23 

-2-214431-2.5 

24 3967 

8.4577 

641 

. 292681 

* 1.58110421 

; -21 2591 

8 I IKl 

! 606 

367-2.16 

•2-2*2543ni6 

1 21 6171 

8 46-23 

642 

20.1781 

l.)922008M 

, 21-28(19 

H i3i;i 

1 18)7 

.•W)h449 

22.-164854:1 

I 24 (U71 

8.4670 

54.1 

201819 ; 

18010 9(07 

1 -23 .1024 

H 1383 

608 

:I69664 

2-2475571-2 

■24 6577 

8.4716 

544 

2930.16 

180989184 

2.1 1 - 2:18 

8.16:13 

(U)9 

.570881 

22.3866.3-29 

24 6779 

8.4708 

645 

297023 ! 

161878623 

23 345-2 

8.I(>H3 

610 

872100 

2-26981000 

24.6982 

8.4000 

646 

. 18116 

162771516 

23.:4666 

8 17.^1 

611 

37 . 5:121 

2'280991!ll 

‘24 7184 

8.4856 

547 

209209 ‘ 

16-1(14)7.1-2.1 

‘2.1 .1880 

8 1783 

612 

371.344 

2-292-20928 

24 rm 

8.4902 

646 

681.104 i 

lh4,'8)()392l 

•2.1 4094 

8 18,53 

613 

37.3769 

‘2;i0.-116‘197 

‘24 7.588 

8.4948 

649 

911401 

1(1)469149 

‘23 4.107 

8 1882 

614 

1 :i76W6 

‘2.1147.5344 

24 7790 

8.4994 

650 

.‘«)2.H)0 

I86:i73000j 

23 43-21 

8 19.12 

! 613 

378225 

-232608:175 

84. 7998 

8.5040 

631 

301601 

167-284151 

2.-1 47.54 

8 1982 

616 

.579456 

233744896 

24 8195 

8.5086 

632 

204704 

168196608 

•2.-1 4947 

8 2031 

! 617 

380689 

-23488.5113 

‘24 8393 

8.3182 

653 

30u809 

16911-2.177 

-23 .5160 

8 -2081 

618 

381924 

-2560-290:12 

24 8596 

8.5178 

564 

, .506916 

170031464 

•23 3:i7-2 

8 . 21:10 

619 

.58.1161 

• 2 : 17 176659 

24.8797 

8.5-2-24 

566 

308725 

170953873 

23.3584 

8.21 HO 

620 

:i84400 

■2:iKC28000 

'24.8998 

1 8.5270 

666 

1 .509136 

171879616 

23 3797 

8 ‘2229 

621 

88.5641 

23948:)06] 

34 9)99 

8.5316 

557 

310249 

172808693 

21.6008 

8 *2278 

622 

.586884 1 

240641848 

24.9399 

1 8.5362 

658 

.511.584 

173741112! 

23 6-2-20 

8 - 2:127 

62;i 

388129 

241804:167 

24.9600 

8.5408 

659 1 

312481 

174676879 

23 6432 

8 2:177 

624 

.589.576 

-242970624 

24.9800 

:..5458 

660 

313600 

175616000 

23 6643 

8.2126 

625 

390623 

2441406-23 

25. 

8.6490 

661 1 

314721 

ITteVVWl 

1 ‘23 6854 

8 -2473 

6-26 

391876 

245:114376 

■25.0200 

8.56U 

562 

3156U 

1773043-28 

23 7065 ' 

8 2524 

6-27 

393129 ! 

24649188:1 

‘25.0400 ' 

8.5590 

563 

316968 

178451347 

23 7276 

8 ‘2.373 

6-28 

394384 

-24767,113-2 

25.0599 

8.56M 

664 

318096 

179406144 

‘2.5 7487 

8 26-21 

6-29 

395641 

248858189 

‘25.0799 

8.5681 

665 

319225 

180.1621-25 

‘23 7697 

8.2670 

630 

396900 

250047000 

25.0990 

8.5736 

666 

620356 

181.521496 

23 7908 

8.2719 

831 

398161 

251-239591 

25,1197 

8.6772 

667 

321489 

182284*263 

23,8118 

8.2768 

63-2 

399424 

’23'24.5d96H 

‘25.1396 

8.5817 

666 

3-22624 

183230432 

23.83‘28 

8.2816 

6;i5 

400689 

‘23;(63ei37 

25.1595 

8.6863 

669 

326761 

1842-20009 

23.85.57 

8.2863 

6.54 

401936 

■254(h0104 

25.1794 

0.6907 

670 

3-24900 

185193000 

23.8747 

8.2913 

635 

403225 

‘256047875 

25.1992 

0.5962 

671 

326041 

186169411 

23.8956 

8.-2962 

6.56 

404496 

‘2572594.56 

25.3190 

8.5097 

673 

327184 

187149248 

28.9165 

8..5010 

657 

405760 

35fM74H53 

35 3389 

8.60a 

67S 

338329 

18S132&17. 23.9874 

8..5059 

638 

407044 

259694072 

35.3587 

8.0006 

674 

329476 

1 laeilMM 

.1 28.9588 

8.3107 

639 

406321 

2809mi9 

85.2784 

8.6111 

176 

S30336 

1 190109176 

if 28 9792 

8.3166 

640 

409600 

M1144000 

S5.3M3 

8.61TI 
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TABLE of SqnareH. CabeN. Square Rootn. and €abe Roots, 
of NiimberM from 1 to 1000— (Conti nukd.) 


1 

No. 

1 

Square. 

Cube. 

1 8a. Et. 

' C.Et. 

No. 

Square J 

1 1 

Cube. 

1 

8q. Rt. 

C.Et. 

641 

4I08M1 

■2f..l, 174721 1 

25 .1180 

H 6'2'22 

706 

4984:16 ' 

:i518958l6 

‘26 5707 

8 904.3 

61 *4 

4I2II>4 

26(6(Hr'8Mj 

' 2j 3.177 

ft.1.267 

707 

499849 1 

3.5:1:19:124:1 

‘2(. 58% 

8 9085 

64:1 

4i;i419 

2(Mhl7707 

25.:i.574 

8 6.112 

708 

501-264 ' 

.3:. 4894912 

■26.«3)8;i 

8.9127 

644 

4117.18 

2b70H'«H4 

25 1772 

8 6:i57 

709 

50-268! 1 

3.5(.4(3)H29 

26 6271 

8 9169 

645 

4l«)lt2j 

2(>Kil()125 

25:i%9 

8 6401 

710 

6U41U0 ! 

857911000 

•26 6458 

8 9211 

646 

4I7:<I6 

26'J5H()nf. 

2,5 4165 

H 6446 

711 

505521 1 

3.594254.31 

■26 6646 

8 9-25.3 

64T 

4181^19 

27(IH((K)21 

1 ’i) 4.162 

8 6190 

712 

506914 1 

:i60944r28 

•2(. hm;( 

8 9-295 

61H 

4I»!K)1 

272097792 

25.4558 

8 6535 

711 

JiOWUKI ' 

362467097 

26 7021 

8 9337 

649 

1 421201 

27 1.1.59149 

1 2,).47f>5 

8 (.579 

ill 

609796 

363994344 

' 26 7208 

8.9378 

650 

4225(81 

271(125000 

25.4951 

8 M>'2I 

713 

611-225 ' 

.3655-2.5875 

‘26 7395 

8 94-20 

651 

42:iH01 

27 '1894 451 

25.5147 

8 1)1.68 

716 

6126.56 ' 

3£7fl6in96 

■26 758-2 

8 9462 

652 

425104 

2771678(18 

[ 25 5.143 

8 671 1 

717 

614089 , 

3(.8f4tlKl.1 

2(. 7769 

8 9503 

65:» 

42(it09 

27H44')077 

' 25.5.5:19 

8 1.757 

718 

515524 : 

; :i70U623'2 

■26 7955 

8 9545 

654 

427716 

279726264 

25 .57.14 

8 6%! 

719 

516%1 

i 371694959 

26 8142 

8 9587 

6bj 

429025 

281011:175 

■25.59:10 

8 6845 

720 

51H400 

1 37.(248(33) 

26 8,128 

1 8 %2« 

656 

4’{03.'t6 

282:100416 

■25 61 ’25 

8 6890 

721 

519841 

; .371H()r*16l 

26 a514 

8 9670 

65T 

4.11649 

2ai.59;i;t9'i 

25 1*120 

8 (.9,14 

722 

621281 ! 

.37(*I67048 

•26 8701 

8 9711 

658 

4.T2964 

2818% 112 

■25 6.115 

8 6978 


5227-29 

37793.1(3.7 

■2(. 8HH7 

8 975? 

659 

434281 

286191179 

25 6710 

8 7022 

7-24 

.5211 76 

' .379.5(i:t424 

■21. 9072 

8 9794 

660 

4.1.5600 

287496000 

25.6905 

8 TOW. 

725 

62.5(.-25 

, 3810781-25 

26,92, .8 

8 9835 

661 

43(;921 

288804781 

•2.5 “(VHi 

8 7110 

728 

5'27076 

' .38-26571 16 

•26 9444 

8 9876 

662 

4.1M244 

290117.528 

25,7'21M 

1 8 7154 

727 

5‘2a529 

. 384240583 

■26 962)) 

8.9918 

tiO.'i 

419569 

2914:14247 

25 7488 

1 8 7198 

72H 1 

529984 

38,5828352 

•26 9815 

8 9959 

664 

4 108% 

■2927.54944 

25. 71.82 

8 7211 

729 1 

5;iH4l 

.187420489 

■27. 

9 

665 

442225 

‘291079625 

2o 7876 

8.7'2H5 

710 

53-2900 

^ 389017000 

■27 0185 

9 0041 

666 

44.15.56 

295408296 

■25 8070 

8 7:129 

731 

5.34:161 

1 39(3;i7891 

27 0:t70 

9 0082 

667 

41(889 

2'1*)740116.1 

25 82(k1 

8 737.1 

712 

.5.15824 

.392223168 

27 0555 

110128 

66H 

446224 

■29H077<);t2| 

25.84.57 

8 7116 

7.1.1 

6372.S9 

:i9 !m:!2H.37 

•27 0740 

9 0164 

669 

447861 

29!t(ia'(09j 

•25 81*50 

8 7460 

714 

5.387.56 

.195446904 

27 0921 

9 020# 

670 

448900 

a(MI76JOO(1j 

25 8844 

8 750.1 

7.15 I 

540225 : 

39706.5.3751 

27.1109 

9 0246 

671 

4 )0241 

:n/2ni7ii 

25 90:i7 

8 7517 

7.36 I 

641696 

:i98(WK2.51i 

27 r293 

0.0287 

672 

451584 

;i(U464448! 

25.9‘2:i0 

8 7.590 

737 1 

543169 

4(3M 1555:1 

‘27 1477 

9.0328 

673 

4.529'29 

3048212171 

, •26.fl42‘2 

8 7634 

7.W 1 

544614 

' 4ni94T27‘2’ 

‘27.1662 1 

9 0369 

“74 

454276 

:W8U820'24 

■25 W.15 

H7t.77 

719 

546121 

1 40.1583419 

27 1816 

9 1)410 

675 

455625 

.S07546875 

25.9808 

8 7721 

740 

547(43) 

40.5224(3)0 

■27. -2029 

9 0450 

676 

456976 

308915776 

■26 

8 7764 

741 

64908] 

406869021 

27 •2213 

9 0491 

677 

468.129 

.S102887:«1 

•26 0192 

8 7807 

742 

5.50.564 

408518488 

■27.2.397 

9.0532 

678 

459684 

.H11W).57.52 

26.0:184 

8 7K50 

743 

.552049 

410172407 

‘27 2580 

9 0572 

679 

461(411 

:t 1:10 168.19 

26 0576 

8 7H9;t 

744 

.V):i5;i6 

4I1K10784 

27 2764 

9 0613 

680 

4624(M) 

8144112000 

26.0768 

8,79J7 

745 

555025 

4i:i49.16'2.5 

27 2947 

9.0654 

681 

46:1761 

31.5821241 

•26 0960 

8.7980 

746 

556516 

415M3)9:i6 

27 :il.30 

9 0694 

682 

46.5124 1 

;il 7214,568 

■26.1151 

8M)2:i 1 

717 

6.58009 

j 41681272,1 

27 .3311 

9 0735 

683 

46(i489 

31861 1987 

26 134:i 

8.8066 

718 

.559504 

{ 418508992 

■27.3496 

9 0775 

684 

467856 

82001.’1504 

26 15.34 

8.8109 

719 

.561(311 

1 420189T49 

27 .3679 

9 0816 

685 

469225 

821419125 

26 1725 

8 8152 

7:81 

6(.‘25lMI 

1 421875000 

27..1861 

9 0866 

686 

470596 

3228-298.56 

■26 1916 

8 8194 

751 

561001 

• 4-2.1.564751 

27.4044 

9 0896 

687 

471969 

824 24 ‘2703 

26.2107 

8 8-237 

752 

.51*5504 

i 4-252.59(3)8 

27 4‘226 

9 0937 

688 

473:144 

;i2566(H,72 

26.2'298 

8.8280 

751 

56701)') 

. 4-269.57777 

‘27 4408 

9 0977 

689 

474721 

827082769 

‘26 2488 

R.K1-2S 

7.54 

1 568516 

1 4'286()1064 

■27 4591 

91017 

690 

476100 

.H-28509000 

■26. '2679 

8.8386 

755 

1 570025 

4.10:168875 

■27 477.3 

9.1057 

691 

477481 

:4‘299.39:i71l 

26 ‘2869 

8.8408 

7.56 

i 571.5:16 i 

1 432081216 

■27.4956 

9.1098 

692 

478864 

3.11 •17.1888, 

2(>.,30.59 

8.8451 


57.WM9 

1 4.3:1798093 

■27 51.16 

9 1138 

698 

480249 

125.57, 

■26.3249 

8.8493 

7.58 

574564 

t 4:15.519512 

•27,5.118 

9.1178 

694 

4MKt6 

3:142.5.5,H84' 

26 .14.39 

8.8536 

7.59 

676081 

4:1724.5479 

■27 5500 

91218 

6K 

48:1025 

835702:17.5, 

‘26.3629 

8.8578 

760 

677600 

' 4.18976(33) 

■27 5681 

9 1258 

696 

484416 

.8.3715.3.5.86 

‘26.3818 

8H6‘21 

761 

579121 

440711081 

27 5862 

91298 

697 

4K)809 

,3:4860887 1 

26 4008 

8.8663 

762 

580644 

442450728 

■27 604:1 

9i:i.S8 

898 

487204 

.340068:i92' 

■26.4197 

8,8706 

763 1 

.582169 

444194947 

27 (.225 

9 1378 

699 

488601 

.341.5.12099 

■26 43811 

8 8748 

764 ’ 

5836% 

44.5943744 

27 6405 

9 1418 

700 

490000 

34:i00n(KM) 

■26 457.5 

8.8790 

765 1 

1 685225 

447097 1-25 

27 (.586 

9.1468 

701 ! 

4M1401 

.344472101 

•26 4761 

8 88.33 

766 

5867.56 

449455096 

27 6767 

9.1498 

702 

492K04 

345948408 

26 4953 

8.8875 

767 

588-289 

451217663 

•27 6948 

9.1637 

703 

494209 

347428H'27 

26 5141 

8 8917 

768 

6898-24 

46‘2984832 

27 7128 

; 9.1677 

704 

495616 

34891:1664 

' 26.53.30 

8.8959 

768 

591.161 

4.54756609 

27 7308 

1 9.1617 

t06 i 

407026 

1 350402625 1 26.5518 

8.9001 

770 

1 59*2900 

456533000 

27.7489 

9.1657 
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TABI 4 E of K«|uaroA. Cnbe«, ^iqnare Roota, and Cube Roots, 
of Numbers from 1 to lObO — (Cuntinuei)./ 


No. 

; Square. 

Cube. 

8q. Et. 

C. Kt 

No. 

Square. 

C\ibe. 

8q. Et. 

C.Etw 

771 

1101441 

458.114011 

27 7lil»9 

9 1696 

8.16 

6')8HW) 

.58)2770,56, -28 ' 11:17 

9 4'204 

772 

.>'1,-,»S4 

4WK199h4W 27 7849 

9 17.16 

8.17 

7lH).)69 

.586.1762.1.1 

•28 '1310 

9 4-241 

77S 

5475'29 

I6188'K1I7 

27 H029 

9.1775 

K'l8 

702244 

5884,80172 

28 9482 

9 4279 

774 

599076 

46.1684824 

27 H2))9 

9 1815 

8.19 

70.5*921 

5!HJ.")89711i 

2.8 *6)5.5 

9 4316 

7T5 

600625 

465484.175 

2i 

9.1H55 

640 

7Uo600 

59-2704000 

28.98-28 

9.4354 

776 

602176 

467288.576 

•27 8VW 

9 1894 

841 

707-281 

591821.321 

•29. 

9 4:i91 

777 

' 60.1729 

4690974 t.l 

•27 .S17 

9 1931 

842 

708964 

.5(N)IM7fi8H 

•29.0172 

9 44‘29 

778 

(.tr,2H4 

470910952 

•27 8927 

9 197-1 

833 

710619 

599077107 

29 0345 

9 4466 

77» 

606h4l 

4727291 19 

27.9106 

9 -ior: 

844 

7r2.1t6 

60121 1.5K4 

29 0517 

9 4503 

780 

608400 

474552000 

27 92H5 

9 ‘2052 

1345 

714(1-25 

I•8l;t,35ll•25 

■29 0689 

9. 4541 

781 

609%! 

476.379,541 

27 !M64 

9 'ilWI 

846 

• 71.5716 

605495736 

29.0861 

9 4578 

782 

611.524 

47.8211768 

27 %4.1 

9 2 no 

847 

717109 

«)76454'2:i 

‘29 103:1 

9 4615 

78:i 

61.1089 

4H(K11H687 

27 9821 

9 -21 70 

84H 

719104 

60*)8(MI192 

•29 1-204 

9 46S2 

781 

6146:)6 

481890;iOl 

28 

9.-2‘209 

H49 

7‘208lll 

6119600111 

•29 1376 

9 4690 

78) 

G16223 

4817:1662.5 

■2t* 0179 

9 2248 

850 

T225IH) 

61 41 '2.51100 

‘29.1548 

9.4727 

786 

617796 

48.5587356 

•28 0.157 

9 2‘287 

a51 

724-201 

61629.5051 

‘29 1719 

9.4764 

787 

619369 

48741.140:i 

•28 051.5 

9 2126 

a52 

7‘2r>904 

61H470‘2(IH 

‘29 1890 

9 4801 

788 

620944 

4891U1H72 

•28 0711 

9 2’365 

8,51 

727WI9 

(•.■206:8)477 

•29 ‘2062 

9 48,38 

780 

622.521 

491 169069 

28 0891 

9 24m 

a54 

7‘29:il6 

62'2n:1.5864 

‘29 22 . 1:1 

9 4875 

700 

624100 

49.3019000 

‘28 1069 

9.244.1 

a55 

7:310'25 

6‘251)26;t75 

29 2404 

9 4912 

791 

62.5681 

49491.3671 

28 r247 

9 2482 

856 

7:f27.16 

627'2‘2'20I6 

‘29 ‘257.5 

9 4949 

792 

627264 

4%79;tOHH 

28 1 125 

9 -2521 

8)7 

714449 

6'29422711.3 

‘29 ‘2746 

9 49H6 

798 

62H849 

498677257 

28 1603 

9 ^SOO 


7)6164 

R31(!'2H712 

29 ‘2916 

9 50'A3 

794 

6:104.16 

.V)0.‘)66184 

‘28 1780 

9 2599 

859 

7.3788 1 

rhl3K')9779 

•29 :)087 

9 5060 

796 

6.32025 

502459870 

•28 1957 

9-26.18 

860 

7.396110 

B:I1->0,")6000 

'29 3258 

9 5097 

796 

6.33616 

504.358 V16 

•28 21.15 

9 •2677 

861 

711321 

ftl8‘277581 

29 :i428 

9 5134 

797 

6.1, >209 

.VMi26l.573 

‘28 '2.112 

9 •2711 

81)2 

74 UH4 

6M)f)039-28 

‘29 3598 

9 5171 

798 

6.36H<M 

."8)8169592 

•28 2489 

9 '2753 

86.3 

711769 

642735647 

■29 :37H9 

9 5'207 

799 

6.18401 

.5I(H)82'199 

28 '2666 

9 279.3 

864 

736196 

64497’2544 

•29 :i9')9 

9 .5244 

800 

640000 

.5I2(KHHKK) 

28 284.3 

9 2832 

86.5 

74822.5 

647214625 

29 4109 

9.5281 

601 ' 

611601 1 

513922401 

28 ,3019 

9 2870 

866 

7499.56 

649461896 

29 4279 

9.5317 

802 

64.1204 i 

5I581'H108 

28 31% 

9 2*6)9 

667 

75168*1 

6.51714:16.3 

‘29 4449 

9 5354 

808 ‘ 

614809 

517781627 

•28 1)71 

9 -2948 1 


7.53424 

65;il)7‘20:i2 

■29 4618 

9.5391 

HIM 

616116 1 

519718161 

•28 1519 

9'2')8H 

869 

755161 

6.Vi‘2:U909 

29 4788 

9 54‘27 

805 

UIH025 1 

52161.0125 

•28 1725 

9 :30‘25 

870 

7:)6900 

1>.5H!)0:i1l0() 

•29.49.58 

9.5464 

806 

' '.496:16 ' 

.521606616 

28 3901 

9:306.3 

871 

758641 

660776311 

29.51 ‘27 

9.6501 

807 

, 651249 

52555791.1 

•28 4077 

9 •3102 

872 

760184 

1')a3054848 

29 5-296 

9 5.53T 

808 

652864 

527.51 11 12 

•28 4253 

9 3130 

87:1 

7621 -29 

66.53:18617 

'29 5466 

9 5574 

809 

I 65148] , 

529475129 

1 '28 3129 

9 3179 

874 

76.1876 

1)676276‘24 

‘29 56.15 

9 .5610 

810 

' 6!5I>1(K) ; 

5114411100 

I '28 4605 

9..32n 

875 

76.51W5 

669921875 

29,5804 

9.5647 

811 

1 657721 ' 

.531111731 

[ 28 4781 

9 :3'255 

876 

767376 

672'221.37B 

1 29 5973 

9.6683 

812 

659144 

515187128 

•28 49,56 

9.3-2»4 

877 

769129 

6745'26i:i:i 

1 29BH'2 

9 5719 

613 

660969 ; 

517 167797 

•28 5r)2 

9 3'3:i2 

878 

770884 

6768361.52 

! ■29 6'HI 

9 5766 

814 

662:.»6 ■ ' 

.5191.5,1144' 

•28 ym 

9 .3-370 

'*79 

772611 

67*1151 1 19 

; '29 IM79 

9.5792 

815 

1 664220 1 

541.14.3.1751 

28 5482 

9 :i408 

HHO 

771400 

1W14721KW' 

' ‘29 6648 

9.5828 

816 

, 6658.56 ! 

54.33.38496’ 

28 .5»).57 

9 3117 

881 

1 776161 

683797841 

29 6816 

9 5865 

817 

, 667489 1 

54:61)8.51 1 

28 .5832 

9 34S5 

M8'2 

1 777924 

6861 •28968 

‘29 698:5 

9.5901 

818 

669124 , 

54754.1412! 

■28 6007 

9 152.3 

881 

779689 

68846.'’.;i87 

•29 715:3 

9 5937 

819 

670761 

.549.1, '),12,59| 

28 6182 

9 3561 

884 

78l4'8i 

690807101 

29 7.321 

9 ,5973 

820 

672400 1 

551.1680(8)! 

28 6.156 

9 3.599 

885 

78.I2-25 

6931.54125 

29 7489 

9.6010 

621 ' 

671041 1 

.5.5T187661 

28 6,'>.31 

9 :36-17 

886 

7849*16 

695.506456 

•29 76.58 

9 6046 

832 

67.')684 ^ 

55)112248 

28 670.5 

9.14>7) 

887 1 

786769 

69786410:3 

29 7825 

9 6082 

823 

677 l‘29 . 

.55’J417f.7l 

28 6880 

9.3713 

R8H ! 

788544 

700227072 

‘29 7993 

1 9 6118 

824 

678976 1 

5591762241 

■28 7054 

9 3751 

H89 1 

790-I21 

70259.5369 

•29.8161 

9 6154 

826 1 

680625 ' 

.56151562.51 

■28 ■■2‘28 

9 3789 

890 ; 

79'2IOO 

7IM969000 

29 8,329 

9.6190 

826 ' 

682276 ' 

5635?19'I76| 

28 7402 

9 .3827 

891 1 

793881 

707347971 

29 8496 

9 6226 

827 > 

68.1929 

'■9l.')60928.V 

■28 7576 

9 386.5 

892 1 

79,5664 

70»7:i‘2’288 

29 8664 

9.6‘262 

828 

685.584 . 

,V.766,t.552| 

•28 7750 

9 .3902 

89:3 ! 

797449 

712121957) 

29.8831 

9 6‘298 

829 

687241 ' 

569722789 

, •28 79'24 

9 WMl 

894 ' 

79*)-2')6 

711516984, 

■29 8998 

9 6:334 

830 

688900 

571T8T«8)0j 

28 8097 

9 .1978 

695 * 

HOKWa 

716917.175, 

‘29.9166 

9.K570 

831 

69a56i ; 

5738.56191 1 

28 8'271 i 

9 4016 

896 ^ 

8028] 6 

7i9:mmi 

29 9.333 

9 6406 

832 

692234 , 

37591«.36» 

■28 8444 I 

9 405) 

897 1 

804609 

7217:14 •273' 

‘29 9.'i00 

9 6442 

833 

693889 1 

.5780095:17 1 

28 8617 1 

9 4091 

898 1 

806404 

7'24150792 

29.9666 

9.6477 

834 

69.5356 1 

58009871)4 

•28 8791 

9.4129 

899 1 

808-201 

7‘2657‘2699 

29.91333 

9 6518 

833 

697225 ‘ 

5821826751 

2HH964 > 

9 4166 

906 t 

810000 

7290000001 

80. 

9.6549 
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SQUARES, CUBES, AND ROOTS. 


TABliE of SouorM* €abes, Sqaare Rooto, and Cnbe Roots, 
of Hambeni from 1 to 1000— (Continuld.) 


Wo. 

Square. 

Cube. 

Bq Rt. 

C. Rt 

No. 

Square. 

1 

1 Cube. 

1 

Sq. Rt. 

C.Rt. 

Ml 

HllMOl 

7.il432701 

:io.oib7 

9 (wH.5 

951 

M4401 

1 860085351 

:40.K1H3 

9 8.339 

M2 

hl3<i()4 

7.U870808 

,30.0.3.11 

9 66*20 

95*2 

906304 

1 H62H0140N 

.36.8545 

9 8374 

Mil 

Hl.'iKM 

7.«»14,m 

30 (1.500 

9.66.56 

953 

M8209 

1 865523177 

30 8707 

9.8408 

M4 

hl7216 

73876.3264 

.30.0666 

9.6692 

954 

910116 

I 868250664 

.30 8869 

9 8443 

M5 

SI 902.5 

741217625 

30U8J2 

9.6727 

955 

9120-25 

' 870983875 

30 9031 

9.8477 

M6 

H20H.36 

74.3677416 

.30.0998 

9.676.3 

9.56 

91.1936 

1 87.3722816 

.30 9192 

9 8511 

M7 

K22<!49 

746l4m3 

.30.1164 

9.6799 

957 

915849 

876467493 

:i6 95.54 

9 8546 

MS 

S24404 

74861 I.il2 

.30 UK) 

9 6834 

958 

. 917764 

879217912 

30 9516 

9.858(1 

M» 

K2(;281 

7.')]089429 

IK). 1496 

9 6870 

9.59 

919681 

881974079 

30 9677 

9.8614 

910 

H28100 

753:)7I000 

30.1M2 

9 690.5 

960 

921600 

8847:46000 

30.9KI9 

•5 8648 

911 

B2i>921 

75^58031 

30 18*28 

0 6911 

961 

9*23521 

i 88750.3681 

81. 

9.8683 

912 

8,11744 

7.‘i8j.'.0.i28 

.30 1991 

9 697li 

962 

92.5444 

' «')0277128 

31 0161 

9 8717 

913 

KI3,V{9 

761018497 

.30 2159 

9 7012 

963 

927.369 

1 8*530.56.347 

31 0.422 

9.8751 

914 

8.i,->:«« 

7(>.l.'i51944 

30 *2.321 

9 7047 

964 

929*296 

1 8<),5841344 

31 0483 

9 8785 

915 

KI722.) 

766060875 

.30 *2490 

9 708*2 

965 

931*2*2.5 

j 89863*212.5 

31 0644 

9 8819 

9IH 

H3<)n.iB 

76a"i7.5296 

.30 *2655 

97118 

966 

9.33156 

i 9014*28696 

31 CMS 

9 88.54 

917 

S108M9 

771095213 

.30 *28*20 

9 715.4 

967 

9J5089 

' 9(l423UH)4i .41 0966 

9 8888 

9iK 

SI 2724 

7736206.32 

30 *2985 

9 7188 

968 

1U7024 

9(t7(U9212 

:41 11*27 

9 8922 

919 

S44.Vil 

7761.')! 5.59 

30 .11.50 

9 7*224 

969 

ttlHMl 

!KW8.5:t20') 

.41 T28H 

9.89.56 

420 

K46400 

778688(KK1 

;m..i.ii 5 

9 72.59 

970 

940900 

91267:1000 

31 1448 

9 889C 

>21 

H48241 

781229961 

30 3i80 

9 7*294 

971 

942811 

915498611 

31 1609 

9,M‘24 

b22 

ViOOM 

78,3777448 

.3'* .K>45 

9 7 129 

972 

914781 

918:430018 

31 1769 

9 9058 

923 

H51B29 

786.1.30467 

.30 .t8(W 

9 7 M*4 

97.1 

946729 

921167317 

31 1929 

9.9092 

924 

8,'>377fi 

*88889024 

30 *1974 

9 7400 

974 

948676 

924010424 

.41 ■2()'H) 

9 9126 

925 

h.7,'iti2j 

791 4,5.11 2.5 

IK) 4i.38 

9.743.5 

975 

9506*25 

9‘2I>859375 

31 2250 

9 9160 

92fi 

h.'>7l7« 

79402*776 

,30 4302 

9 7470 

976 

952576 

9*297141761 

31 2410 

9 9194 

927 

S59.I29 

79(i.5979R3 

.30 4467 

9 7.50.5 

977 

9.545*29 

9, ’t-r)’ 18,1.4 1 

31 ‘2.570 

9 9227 

92H 

H(>l|8l 

7*811787.52 

:3(l 46.11 

9 7540 

978 

9.56484 

9l544i:i.52l 

31 27.40 

9 9261 

929 

Wk'lOll 

M0l76.'ri)M9 

:30 4795 

9 7575 

979 

958441 

9.IK4 137:19! 

31 2890 

9 92» 

ttU) 

M4M0 

801.I.57(KK) 

,30 4*359 

9.7610 

980 

960400 

94119*2000 

81 .*40.50 

9.9.329 

W)] 

866701 

8009.54491 

30 .51*23 

9 7645 

981 

96*2361 

944076141 

31 3*204) 

9 9.363 

«)2 

8(18li24 

80'I5.57.‘»6M 

!I0 .5287 

9.7680 

982 

9643*24 

94()9(i6168 

31 3.369 

9 9.396 

9.33 

870489 

8121662.17 

130 .5450 

9 771.5 

98,1 

960*28*1 

949862087 

.31 :4528 

9 9430 

934 

8721.76 

814780,504 

30 MI 4 

9 7750 

984 

968*256 

952X43904 

31 :4688 

9 9464 

985 

874225 

817400375 

30.5778 

9 7785 

985 

970225 

955671625 

81.:4847 

9.9497 

9M 

S760M 

820025856 

.30.5941 

9 7819 

986 

9721M 

9.5858.52,56 

31 4006 

0 9531 

937 

877969 

8226,5695.3 

.30 6105 

0 7854 

987 

974169 

%1 50480.4 

31 4166 

9.9.565 

930 

879844 

82.5293572 

SO 6*208 

9 7889 


976144 

964430272 

.31 4.325 

9.9598 

939 

881721 

827936019 

30 64.41 

9.7924 

989 

978121 

<567361669 

31 4484 

9 9632 

940 

dKieoo 

8.30584000 

30 6594 

9 7959 

9M 

980100 

970299000 

31 4643 

9 9666 

MI 

HS5481 

833237621 

30 6757 

9 7993 

991 

982081 

973*242271 

31 4802 

9 9699 

942 

887.364 

8,35896888 

30 692(1 

9 8028 

902 

984064 

076191488 

31.4960 

9.9733 

943 

889249 

818.561807 

30 7084 

9.806.3 

M3 

986049 

979146657 

31.5119 

9 9766 

944 

891i;46 

811*232.384 

30 7246 

9 8097 

994 

988036 

98*2107784 

31,5*278 

9 9800 

945 

89.3025 

843908625 

so 7409 

9 8i:i2 

995 

990025 

985074875 

.31 54.16 

9.9833 

94« 

S94916 

8I6.5M536 

80 75T1 

9 8167 

996 

99*2016 

988047936 

31 5595 

99866 

947 

896809 

8492781*2:3 

30 7734 

9.8201 

997 

994009 

9910*26973 

.31 5753 

9.9900 

94H 

898704 

K5 1971 139*2 

.30 7896 

9.8*236 

998 

996004 

B1H011992 

31 5911 

9 9933 

949 

900601 

8,51670349 

80 8058 

9.8*270 

999 

998001 

H97002999 

31 6070 

9.9967 

950 

M2d00 

8.57.17.5000 

30 8*2*21 

9 8305 

1000 

1000000 

1000000000 

31 (>228 

10. 


To find the sqnare or rube of any whole number endinfi 
with ciphers, nrst, omit ail the fioal ciphers. TalcH IVum the table the 

itnuare or ouD« (m the oaae may he) of the rest of the number. To this t^uars add deioe as many 
Qiuberi at there were ftnat cipher* iu the original number. To the cube add thret limei at many aa 
In the original number. Thua, for WbOO*; 9Q5S=rHlS025. Add twice 3 cipher*, abtaln;iig81W)itS0ai)0i 
fnr 905003 MM = 7413170%. Add 8 timet 2 oiphera, obtaining 7il2iT62dOOOIKM). 



SQUARE AND CUBE ROOTS- 
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fl^[aare Roots and Cube Roots of Numbers from 1000 to 10000. 

No orroni* 


Num. 

lU 

Cu Tit 

Nura 

.S4 Rt 

Ou.Rl 

Xum 

Si{ Rt 

Oil Rt 

Mum. 

Sq Rt. 

Tu. Rt. 

1005 

.31.70 

10.02 

1405 

.37 48 

11 20 

1805 

42 4‘i 

12.16 

2205 

40 '16 

13 01 

tout 

31 78 

10 03 

1410 

37 55 

11 21 

IMIO 

42 .54 

12 19 

2-2I0 

47.01 

13 03 

1015 

31 S6 

10 05 

1415 

37 62 

11 2.1 

1815 

42 60 

12 ‘20 

2215 

47 06 

13 04 

1020 

31 94 

10 07 

1420 

37 (>6 

11 24 

1820 

42 Ii6 

12 -21 

2220 

47 1*2 

1:105 

1025 

32.02 

10 08 

1 125 

37 75 

11 25 

1825 

42 72 

12 22 

■22'2.5 

47,17 

13 05 

KKIO 

32.09 

10 10 

ll.kl 

.17 .82 

11 27 

18.10 

42 76 

12 -2.1 

■2'2.30 

47 *2*2 

1,3 06 

10.15 

32 17 

10 12 

J 1.15 

.17 86 

It 28 

1835 

42 81 

12 21 

2255 

47 *28 

1.3 07 

1040 

32.25 

10 l.l 

1440 

37 95 

11 29 

1840 

42 90 

12 25 

9240 

47.3:1 

13 08 

1045 

32..3.1 

10 15 

1145 

38 01 

11 11 

1S45 

42 9.5 

12 26 

2-245 

47 .:w 

13 09 

1050 


10 16 

1150 

36.06 

11 12 

18.50 

4.101 

12 28 

2250 

47.43 

13 10 

1055 

.32 48 

10 18 

1 455 

.!8 14 

1 1 3.1 

16.55 

4:1 07 

1-2.-29 

2‘2.55 

47 49 

13 11 

1060 


10 20 

1460 

.36 21 

11 14 

1660 

41 13 

12 30 

2'260 

47 54 

13 1*2 

1065 

»2 (•.! 

10 21 

1465 

.36 26 

11 111 

1665 

43 19 

12 .11 

2-265 

47 .59 

1.3 13 

1070 

32 71 

10 -2.1 

1470 

36.14 

11 .37 

1670 

43 24 

12 :i2 

2-270 

4- 64 

13 14 

1075 

32 79 

10 24 

1475 

36 41 

11 .16 

1873 

4.1 .10 

1 2 ,3:1 

2-27.5 

47 70 

1.3.15 

1000 


10 26 

1460 

36 47 

II 40 

1660 

4.1 iin 

12 .34 

2-280 

♦7 75 

IS 16 

1065 

32 94 

10' 28 

1485 

36 54 

11 II 

1863 

4:1.42 

12 .3.5 

2285 

47 80 

IS 17 

1090 

33 02 

10 2!) 

1490 

36 60 

11 42 

1690 

4! 47 

12 36 

2-290 

47 85 

13 18 

1095 

33 09 

10 31 

1495 

.16 »i7 

II 4.1 

1695 

4.1 5.1 

12 :!7 

2295 

47 91 

13.19 

1100 

3.1 17 

10 .12 

l.')00 

.16 71 

11 15 

1900 

4.1 .59 

I2.:i» 

2:100 

47 96 

13 20 

1105 


10 14 

1505 

36 79 

11 16 

1905 

43 Im 

12 40 

2305 

48.01 

13.'21 

1110 

31 .12 

10 15 

1510 

36 841 

11 17 

1910 

4.1 70 

12 41 

2.110 

48 06 

1.3 ‘2*2 

1115 

33 39 

10 .17 

151.) 

38 92 

11 49 

1915 

4.1 76 

12 42 

2315 

48 It 

13.*23 

1120 

33 17 

10 36 

1520 

.16 99 

11 50 

19‘20 

41 82 

12 4,1 

2.1-20 

48.17 

13 24 

1125 

33 54 

10 40 

1525 

39 05 

11 51 

1925 

41 67 

12 44 

232.5 

48 2*2 

1.3.25 

1130 

31 62 

10 42 

1.5.30 

39 12 

11 .52 

1930 

4.1 9.1 

12 45 

23;«) 

48.27 

13.26 

11.35 

3.1.69 

10 43 

1.5.15 

39 IH 

11 54 

1935 

4.1 ‘19 

12 411 

23:1.5 

48.32 

13.27 

1140 

33.76 

10 45 

1540 

39.24 

11 55 

1940 

4 1 05 

12 47 

*2.140 

48.37 

1.3 ‘28 

1145 

,^3.84 

10 46 

1545 

39 31 

11 56 

1915 

44 10 

12 48 

2345 

18 4:1 

13.‘i9 

1150 

33,91 

10 46 

15.50 

.39 37 

11 57 

1950 

41 111 

12 49 

*2:150 

48 48 

1,3 .30 

1155 

,3.3 99 

10.49 

1555 

39.43 

11 9 

I95j 

44 22 

1 2..50 

*2.155 

48 5,3 

1.3.30 

1160 

34 116 

10 51 

1,560 

.19 50 

II Ml 

I960 

44 -27 

12.51 

2.160 

48.58 

13 31 

116' 

.34 1.1 

10 ,j2 

1565 

.39 .56 

II (il 

1965 

44 1.3 

12. VI 

•2.36.5 

48 6.3 

1.3 .3*2 

1170 

34 21 

lO 54 

1570 

.39 62 

11 62 

1970 

44 16 

1-2 .54 

2.170 

18 68 

13.3.3 

1175 


10.55 

1575 

39 69 

II 61 

1975 

44 44 

1.-.55 

2.375 

18 7.3 

1.3.34 

1160 

34 15 

1(1 .57 

1.560 

39 75 

11 65 

I960 

41 .50 

12.% 

2380 

48.79 

13 35 



10 56 

1.585 

.39.81 

11 Ml 

1965 

44 .,5 

1‘2.57 

2,385 

18.84 

13.36 

1190 


10 60 

1.590 

.39.87 

II 67 

1990 

44 61 

12 .58 

*2890 

48 89 

1.3.37 

1195 

34 .■)7 

lO 61 

1595 

39.94 

11 66 

1995 

44 67 

12.59 

2395 

48 94 

13.38 

1200 

34 64 

lofil 

1600 

40 00 

11 70 

2000 

44 72 

12 60 

2400 

48.99 

13 39 

1205 

34 71 

10 64 

1605 

40 06 

II 71 

2005 

44 76 

12.61 

2405 

49 04 

13.40 

1210 

34 79 

10 66 

1610 

40 12 

11 72 

2010 

44 8.3 

12 62 

*2410 

49 09 

1.141 

1215 

34 H6 

10 67 

1615 

40 19 

11 73 

2015 

44 89 

12 63 

2415 

49.14 

13 42 

1220 

34 93 

10 69 

1620 

40 25 

11 71 

2020 

44 94 

12 f4 

24*20 

49 19 

13 43 

1225 

35 00 

10 70 

1625 

40.31 

11 76 

2025 

45 (M) 

12 65 

24*25 

49*24 

i:t 43 

1230 

35 07 

10 71 

1630 

40.37 

11.77 

20.10 

45 06 

12 66 

24:10 

49..30 

13 44 

12.35 1 

35 14 

10 71 

16.15 

40 44 

11 76 

2035 

1 45 11 

12 67 

2435 

49 .35 

13 45 

1240 

35 21 

10.74 

1640 

40 50 

11 79 

2040 

45 1 

, 12 68 

2440 

49 40 

1,3 46 

1245 

.35 2S 

10 76 

1645 

40 56 

II 80 

2045 

45 22 

12 69 

2445 

49 45 

13.47 

1250 

3'i .16 

10 77 

1650 

40 62 

II 82 

1 2050 

45 28 

12 70 

2450 

49.50 

13 48 

1255 

.35 4.1 

10 79 

16,55 

40.66 

It 811 

2055 

45.:i:i 

12 71 

*2460 

49 60 

13.50 

1260 

35 50 

10 80 

1660 

40.74 

11 81 

2060 

45 39 

12 72 

*2470 

49 70 

1.3 .32 

1265 

35.57 

10 82 

1665 

40.80 

11 85 

1 2065 

45 44 

12 73 

2480 

49 80 

13..34 

1270 

.15 64 

10 8,1 

1670 

40 HT 

11 86 

•2070 

45 50 

12 74 

*2490 

49 90 

1.355 

1276 

35 71 

10 84 

1675 

40.9:1 

11 hk 

:xnb 

45 55 

12 75 

2.500 

50 00 

1:1 57 

1280 

35 78 

lO.Ni 

1680 

40.99 

1 1 89 

2060 

45 61 

12 77 

*2510 

60.10 

13.59 

1285 

35 65 

10 87 

16H5 

4i 05 

II 90 

20K.5 

45 66 

12 78 

*25*20 

50.20 

13 61 

1290 I 

35 92 

10 69 

1690 

41.11 

11 91 

•2090 

45 72 

12 79 

■2530 

50:10 

1:16:1 

1295 ' 

35 '«> 

1(1 !HI 

1695 

41 17 

II 92 

2095 

4.5,77 

12 80 

2540 

50 40 

13.64 

1.300 i 

36 06 

10 91 

1700 

41 2.) 

11 9i 

2100 

45 M 

12 81 1 

*2550 

50 50 

13 66 

1.305 

1 36 12 

10.93 

1705 

41 29 

11.95 

2105 

45 88 

12 8'2 

-2.560 

50.60 

13 68 

1310 

36 19 

10 94 

1710 

41 35 

11 % 

•2110 

1 45 93 

12 8,1 

2570 

50.70 

1.3 70 

1315 

.36.26 

10.% 

1715 

41 11 

11 97 

2115 

, 45 99 

12 81 

■2,580 

50.79 

13 7*2 

1320 

1 86 33 

JO 97 

17'2() 

41.47 

11 98 

2120 

46 04 

12.8,5 

■2,590 

50 89 

1:1.73 

1325 

36 40 

10 96 

17'25 

41. .VI 

1 i 99 

21-25 

46 10 

12 86 

•am 

60.99 

13 75 

13.30 

36 47 

II.IHJ 

17.10 

41 .59 

12 INI 

•2130 

46 15 

12 87 

*2610 

51.09 

1.3.77 

1335 

1 36.54 

11 01 

1735 

41.65 

12 112 

21.3.5 

46 21 

12 88 

26*20 

51.19 

13 79 

1340 

1 36 61 

11 02 

1740 

41.71 

1 12 0.1 

2140 

1 46-26 

12.89 

*26:10 

51.28 

13.80 

1.345 

i 36 67 

11.04 

1745 

41.77 

12 04 

2145 

46.11 

12 90 

■2C)10 * 

51 38 

13.83 

1350 

1 36 74 

11.05 

1750 

41.83 

12 05 

2150 

46 37 

12 91 

26.50 

51 48 

13.84 

13)5 

1 36 81 

11 07 

17.55 

41 69 

12 06 

2155 

46 4-2 

1‘2.92 

2660 

61 58 

1.3 86 

1360 

1 36 68 

11 08 

1760 

41 95 

12 07 

2160 

46 48 

12 9:1 

*2670 

51 67 

13 87 

i:i65 

1 36 95 

11 09 

1765 

42.01 

1209 

■2165 

46 .VI 

12 94 

2680 

51.77 

13 89 

1370 

37 01 

11 11 

1770 

42.07 

12 10 

2170 . 

46 .58 

12 95 

*2690 

51.87 

1.191 

1.375 

• 37.08 

11 12 


42 1.3 

12 11 

2175 

46.64 

12% 1 

2700 

61 96 

1.3.92 

1380 

' .17.15 

11 11 

1780 

1 42 19 

12 1-2 

21W) 

1 46 69 

12 97 

■2710 

52.06 

13.94 

1385 

' 37 22 

11 15 

1765 

1 42 25 

12 13 

2lH5 

1 46 74 

12 98 

‘27-20 

52 15 

1.3 96 

1390 

1 37.28 

11 16 

1790 

42.11 

12 14 

2190 

46 60 

12.99 

*27:10 

5*2.*25 

13.98 

1395 

i 37. .35 

11 17 

1(95 

42.17 

12 15 

2195 

! 46.85 

1.3.00 

2740 

52.35 

13.16 

1400 

87.42 

11 19 

1800 

1 42.13 

12.16 

2*200 

1 46.90 

13.01 

27.50 

5*2.44 

u.o: 
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Num. 

Sq Rt 

Ou Rt 

Nuni. 

Sq. Rt 

(’ll. Rt 

Num. 

Sq Kt 

(-11 Ri 

Nim, 

Sq. Rt 

Cu Rt. 

27()0 

52 54 

mil 

.3i..O 

59 58 

15 ‘25 

4 140 

66 88 

16 .31 

.51,10 

71 62 

17 26 

2770 

52 tk) 

U rii 

i.>li0 

.59 M 

15 -27 

43.V) 

6.) 95 

If. 3‘2 

5140 

71 09 

17 -26 

27WO 

:.‘2 71 

14 IK> 

,t:i7o 

59 75 

r. 28 

4.ir<0 

4 -K 1 0.1 

III 34 

.'.1,50 

71 76 

17 -27 

27W 

.52 82 

14 (l>i 

3.5HO 

59 M 

15..H) 

4170 

66 11 

16 35 

5161) 

71,Ki 

17 -28 

2H00 

52 02 

1 1 (111 

.1500 

.59 92 

15 .11 

4.'l)Kt 

(K. 18 

16 11, 

5170 

71 !K) 

17 ‘29 

2810 

.5,-|.0l 

11 11 

3tKHJ 

60 IK> 

15 .33 

4.I!KI 

lih 2fi 

16 .17 

.5180 

71 97 

17 30 

2820 

5.3 10 

14 ri 

.3610 

HOOK 

15 .31 

4400 

66 3.1 

16 19 

5190 

7-2 04 

17 31 

28:io 

54 ‘20 

It 11 

31)20 

60 17 

15 35 

4410 

(K> 11 

111 41) 

5200 

7-2 n 

17 32 

2HI0 

51 -20 

It 16 

31-130 

60 ‘25 

15.17 

4420 

66 18 

16 11 

5'210 

7-2 18 

17 .34 

2850 

5.1 30 

It 18 

3640 

60 -13 

J5.-1H 

4I.HI 

61. :ki 

16 42 

5'2-2() 

72 ‘25 

17 35 

2860 

5-4 48 

14 10 

3Iki0 

60 42 

15 10 

4140 

6 I 1 1).1 

III 41 

.)2.-l0 

72 .12 

IT 36 

2870 

.5.1 .57 

11 -21 

31910 

IK) .0 

15 41 

44fK) 

Ml 71 

16 45 

5240 

7-2 39 

17 37 

2880 

53 67 

14 -2.1 

3670 

liO .>8 

15 12 

441)0 

(K. (H 

16 46 


7-2 46 

17 38 

2800 

5:1 76 

11 -24 

3680 

M) till 

1.5 44 

4170 

61. 8(, 

16 17 

5'2IK) 

7-2 ,5.1 

17 39 

2000 

63.85 

14 -2(1 

3600 

lit) 7.> 

I.I.4.5 

4480 

61) 9‘1 

11. 19 

5270 

7-2 .59 

17 40 

2010 

53 04 

14 -28 

3700 

IK) Kl 

l.)47 

4190 

67 01 

16.50 

5-280 

7-2 66 

17 41 

2020 

64 01 

11 20 

.3710 

60 91 


4500 

67 08 

16 1,1 

5'2<H) 

7-2 71 

17 4-2 

2000 

54 13 

14 31 

37-20 

60 99 

15 19 

4.510 

67 16 1 l6 ti'J 

.5.100 

7-2 81) 

IT 44 

2040 

.54 -22 

14 33 

37.30 

61 1)7 

15 51 

4.520 

67.23 

11. M 

.5310 

72 87 

17 45 

20.50 

.54.31 

14 -44 

3740 

61 16 

15 .52 

4.5.10 

67 31 

16 

5 120 

7-291 

17 46 

2060 

54.41 

1 1 36 

3750 

III ‘24 

15 .54 

4.540 

67 .18 1 16 .,6 

53.11) 

73 01 

17 47 

2070 

54 50 

1 1 37 

37 IKI 

61 ,12 


4.550 

67 15 

16 57 

.5.140 

73 08 

17 48 

2080 

54 50 

It .<0 

3770 

61 40 

15 56 

451)0 

f.7 53 

16 :.8 

jlW 

73 1 + 

17 49 

2000 

54 68 

11 41 

3780 

61 48 

15 .58 

4.570 

67 IK) 

Hi .59 

5.1W) 

73 21 

r 50 

.SOOO 

54 77 

II 1-2 

3790 

61 Ki 

15 59 

4.5HO 

67 68 

16 61 

5.170 

7.) ‘28 

17 .51 

•HOIO 

51.86 

14 44 

31'ilKt 

61 111 

15 IK) 

4590 

117 T.'i 

16 1,-2 

5;t80 

73 .15 

17 .52 

3020 

54.05 

11 45 

3810 

61 73 

1.5.62 

41KII) 

67 82 

16 !->.! 

.531M) 

73 42 

17.56 

IHKW 

55 05 

14.47 

38-20 

111 8l 

15 6.1 

41)10 

67.90 

16 1,1 

.54IH) 

73 48 

17 54 

3040 

.55 11 

14 49 

3830 

111 89 

15 65 

4620 

67 97 

16 IK. 

5410 

73 55 

17 55 

S0.'i0 

55 2.4 

14.50 

3840 

111 97 

15 66 

4630 

68 1)4 

Ill 67 

54-20 

7162 

17 57 

3060 

55.32 

14 52 

38.50 

62 0.5 

15 67 

4640 

68 1-2 

til l>8 

5430 

7‘t 69 

17 58 

3070 

.55.41 

14 .53 

.38(i0 

6-2 13 

15 69 

46.50 

68 19 

111 69 

5440 

71 71, 

17 59 

3080 

55 50 

14 .55 

3870 

•)-2 21 

Ij 70 

41)60 

68.-26 

16 70 

5450 

73 8-2 

J7 60 

3000 

65 50 

14..57 

3880 

62 -29 

15 71 

4670 

68 34 

16 71 

5460 

7.1 89 

17 61 

3100 

55 68 

14 .58 

3890 

1)2 ,17 

15 7.1 

4680 

68 41 

III 7.1 

5470 

7,1 91, 

17 62 

8110 

35 77 

14 IK) 

3900 

62 45 

15 74 

41190 

68 48 

HI 74 

5180 

74 03 

176> 

3120 

.55.86 

14 111 

.1910 

62 .5.1 

15 75 

4700 

68.56 

16 7.1 

5490 

74 09 

IT 64 

3130 

55 05 

14 li.t 

39-20 

62.61 

15 77 

4710 

68 63 

16 76 

.■).->oo 

74 Hi 

17 65 

3140 

.56.04 

14 l>4 

3930 

62 69 

15 78 

4720 

68 70 

16 77 

5.510 

74 ‘2.1 

17 66 

31.50 

56.1-2 

14 66 

3040 

62 77 

15 79 

4730 

68 77 

Hi 79 

55-20 

74 30 

17 67 

3160 

56.21 

14 67 

30f)0 

62 85 

15 81 

4740 

68 85 

Hi 81) 

5:830 

74 36 

17 68 

3170 

56.30 

14 60 

3060 

62.93 

15 82 

47.50 

68 9-2 

16 hi 

5541) 

74 43 

17.69 

3180 

66 39 

14 71 

3070 

63.01 

15 8.1 

47IK) 

68 99 

16 82 

55.50 

74 50 

17 71 

3100 

56.48 

It 72 

3980 

63 09 

15 85 

4770 

69 07 

If. 83 

5560 

74 .57 

17 72 

3200 

66 57 

14 74 

.3990 

63 17 

15 86 

4780 

69 14 

16 8,-, 

5570 

74 61 

17 73 

3210 

56 66 

14 75 

4000 

63 -25 

15 87 

4791) 

69-21 

16 8li 

5580 

74 70 

17 74 

32-20 

66 75 

14.77 

4010 

63.3-2 

15 89 

4800 

69 -28 

16 87 

.5.590 

74 77 

17.75 

saao 

56 83 

14 78 

40-20 

61 40 

15,90 

4810 

69 35 

16 88 

5600 

74.83 

17 76 

8240 

56.92 

1 14.80 

4030 

63 48 

15 91 

48-20 

69 43 

16 89 

5610 

74 90 

17.77 

8250 

57 01 

> 14 81 

4040 

63 56 

15.03 

4830 

69.50 

16 91) 

.56-20 

74 97 

17.78 

3260 

57 10 

14.83 

4050 

63 1.4 

15 94 

4840 

69.57 

16 92 

61130 

75 03 

17 79 

3270 

67.18 

14.84 

4060 

63 72 

15 95 

4850 

69 64 

If, 93 

.5M0 

75 10 

17.80 

3-2M 

57.-27 

14 86 

4070 

61 80 

15 97 

4860 

69 71 

16 94 

5650 

7.5.17 

17.81 

H-im 

67..'46 

14.87 

4080 

63 87 

15.98 

4870 

69 79 

16 95 

5WK) 1 

7.) -23 

17 82 

;i300 

57.46 

14 89 

4090 

6»95 

15.09 

4880 

69 86 

10 96 

IKiiO 

7.) 30 

17 83 

3310 

57.53 

14 00 

4100 

64 0.1 

16 01 

48»K) 

69 93 

16 97 

.5(K10 

7.) 37 

17 84 

83-20 

57.6-2 

14.92 

4110 

64.11 

16 02 

49(K) 

70 00 

16 98 

M90 

7.5 4;i 

17 85 

33.30 

67.71 

14 93 

41-20 

64.19 

16.03 

4910 

70 07 

17 1)0 

5700 

75 50 

17 86 

3340 

67.79 

14 95 

4130 

64 *27 

16 04 

49-20 

70 14 

17.01 

5710 

75.56 

17.87 

3350 

67 88 

14 06 

4140 

64.34 

16 06 

4930 

70-21 

17 02 

57-20 

75 63 

17 88 

3300 

57 97 

14 98 

4ir»(l 

64 4‘2 

16.07 

4940 

70 29 

17 03 

57.30 

75 70 

17 89 

8870 

58 05 

14 99 

4160 

64 fiO 

16.08 

49rK) 

70 36 

17 1)4 

674(1 

75 76 

17 90 

S.1H0 

58 14 

1 . 5.111 

4170 

64.58 

16 10 

4960 

70 43 

17 05 

57:K) 

75 83 

17.92 

8300 

68.22 

15 02 

4180 

64.1.5 

16 11 

4970 

70 50 

17.07 

5760 

75 89 

17 93 

8400 

58 31 

15.04 

4190 

64.73 

16 12 

4980 

70.57 

17 08 

5770 

75 96 

1794 

3410 

58 40 

15.05 

4-200 

64 81 

16.13 

4990 

70 64 

17 09 

6780 

76 03 

17.95 

8420 

.58 48 

15 07 

4210 

64 88 

16 15 

5000 

70 71 

17 10 

5790 

76 09 j 

17.96 

3430 

58 57 

15 1l« 

42-20 

64 96 

16.16 

6010 1 

70 78 

17.11 

5800 

76 16 1 

17.97 

8440 

58 65 

15 10 

4230 

65 04 

16.17 

5020 

70.85 

17 12 

5810 

76*22 i 

17.98 

8450 

68 74 

15 11 

4-240 

65.12 

16.19 

50.30 

70 92 

17 13 

58-20 

76 29 1 

17 99 

8460 

68 82 

15 12 

4-250 

65 19 

16-20 

5040 1 

70.99 

17 15 

5K10 

76 35 

18 00 

8470 

68 91 

15 14 

4'200 

65 -27 

16 21 

5a'i0 

71.06 

17 Hi 

.5840 

76 4-2 

18 01 

3480 

58 99 

15 15 

4 - 2:0 

65.35 

16 -22 

.5060 

71.13 

17 n 

.)8,)(l 

76 49 

1 18.02 

8490 

69.08 

15.17 

4-280 

65.42 

16 -2^ 

5070 

71.20 

17.19 j 

5860 


18 08 

350ft 

60 16 

1.5,18 

4290 

65 50 

16.25 

.5080 

71 27 1 

17,19 

5870 

76 62 1 

18 04 

3510 

.59.26 

15.-20 

4300 

65 57 

16.26 

5090 

71 -14 

17.20 

58S0 1 

76 68 

1 1 8 , 0 s 

3520 1 

60.33 

1.5.21 

4310 i 

65 65 

16.27 

5100 

71.41 

I7.-2I 

.5890 1 

76 75 

1806 

3530 

60.41 

15 '2.5 

4.3-20 1 

65 71 

16 -2!) 

5110 

71 48 

17 22 1 

5900 ( 

76 81 

18.07 

3540 1 

69.50 

15.-24 1 

4830 I 

i 65.80 

16.30 

51-20 1 

71.55 1 

17. -24 ) 

5910 ! 

7b.bH 1 

18.06 



SQUARE AND CUBE ROOTS. 


65 
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SQUARE AND CUBE ROOTS. 


Square Rootii and Cube Roots of Numbers from 1000 to 10000 

—•(Continued.) 



To And Square or (Uibe Roots of laripe numbers not con- 
tained in the column of nnmbers of the table. 

Such root! nikj loinetlmeR be Uken at ouoe from the table, by mereir reK^rdlng tbe colunni of 
feweiii ai being columns of numbers; and those of numbers as being those of roots. Thus, if the 
s; rt of Sii2HI is reqd, flrst find that number in the column of squares; and opposite to s, in the 
nlumn of numbers, is its sq rt l&U For the cuftr rt of H57:t75, find that number in the column of 
cubes ; and opposite to it, in the ool of numbers, is its cube rt 95. When the exact number is not con* 
laiued In the column of squares, or cubes, as the case may be, we may use instead the number nearest 
10 it, if no great aocuracy is reqd But when a considerable degree of accuracy is necessary r'Mi* 
following very correct methods may be used. 

For the square root. 

This rule applies both to whole numbers, aud to those which are porf/y (not wholly) decimal Pint, 
M the foregoing manner, take out the tabular number, which is nearest to the given one ; and also IM 
mbular sq rt. Mult this tabular numlter by H , to the prod add the given number. Call tbe sum A. 
Then mult tbe given number by 8 , to the prod add the tabular number. Call tbe sum B. Then 
A ‘ B . Tabular root ■ Reqd root. 

Kz. Let the given number be M6 5S. Here we find tbe nearest tabular number to be M7 ; and tU 
iabular sq rt 90.7734 Hence, 

947 = tab num 
9 

940.53 = given num. 

1787 . 58 =: A. 



A. B. Tab root. Reqd root. 

Then 8787.53 ; 8786,59 ; ; 80.7734 ; 30.7657 +. 

Tbe root h found by actual matbematical process Is alto 80.7657 

For the cube root. 

This rule applies both to whole numbers, and to those which areporffy decimal. Pint Uke out tnu 
tabular number which is ueanst to the given one; and also its tabular oube rt. Mult this tabular 
number by ‘4 ; and to the prod add the given numlier Call the sum A. Then mnlt tlw given numt)er 
by i; and to tbe prod add the Ubular number. Call tbe sum B. Then 
A : B ; : Tabular root ■ Reqd root. 

lx. Lot the given number be 7388, Hen we fluu sue nearest Ubular number (tn tbe oolumn cl 
Cm5m) to be 6859; and Us ubular cube rt 19. Henoe, 


6859 = Ub num. 


7.'I6« = given nnm. 


6859 = ubnam. 
21595 = B. 


Then, as 21086 : 21596 

Tbe root as found by oorreet mathematical process is 19.4586, Tke engineer ranij reqnini r 
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llilt defret of toounwy ; for hii parpoeoe, therefore, thii prooeee le greatly preferable to the ordlnuy 
latuiriiiQf one. 

To fiiitl the square root of a number which is wholly 
decimal. 

Very <ilmple, and correct to the third nunieral figure inclusive. If the number does not contain ai 
least five figures, minting from the Jlret numeral, and tncludinff \t, add one or more ciphers to make 
live If. after that, the whole number is not separaiilr into twos, add another cipher to make it so. 
Then beginning at the first numeral figure, and iiiuiudtng It. assume the number to bo a whole one. 
In the table find the numlwr nearest to this assumed one , take out its tnhular sq rt , move the deol 
mal point of this Ubular root to the left, halfim many places as the finally modified decimal number 
has figuren. 

Kx. What is the sq rt of the decimal (K)2? Here, in order to have at least fiie decimal figures, 
sounting from the first numeral (21, and iurludiug it, add ciphers thus, tKi 'A),(iU 0. But. us it Is not 
uoa separable Into twos, add another cipher, thus, .fi(),?0,iH),00 Then beginning at the first numeral 
(2), assume this decimal to lie the whole iiumher ‘iiNNIOO. The neaiest to this in the table is llWfiUU; 
sod the sq rt of this is 447 Now the deeimal iiiinilier as finally modilleii, namely, 1)0,20,00,00, baa 
e ght figure’' , one half of which is 4 . tberofore, move the decimal point of llie root 447, four plaoM to 
the left, making it .0147 This is the reqd sq rt of 002, correct to the third i.uiiieral 7 included. 

To fliid the cube root of a ntiinber which it* wholly decimal. 

Very simple, and correct to the third numeral Inclusive 

If the niinibor does not contain at least five llgiirrs. counting from the first numeral, and Innludlng 
It, add one or more ciphers to make five If. after that, the iiiiniher Is not separable into threes, add 
one nr more ciphers to make It so. Then beginning at the first numeral, and Irielndiiig It, assume 
tlie uumlier to be a whole one. In the table find Ibe nunilier uearesl to tins assuined one, and take 
out Its tabular cub rt Move the decimal point of this rt to the left, one third as many places as the 
fiuallv modified dtitmal number has hgures 

Kx' What is the cube rt of the decimal 0()2* Hero. In order to have at least five figures, counting 
troiii the first mnneriil f .'j, and ineludiiig it. add ciphers tlitis. IM)2 iMM) (I But as It la not now separ 
aide into threes, add two more ciphers Wi iiiake ii so. thus (HI2.in)o,(K)« Then licginning with the 
(list nunieral (2), assume the decimal to be the wlnde iiuiiiIm r .MXKMMHI The iiearesi cube to this iu 
the tabu in the column of eiila's, is 20(l0'17b, and its |ubuls> etiberl ns loiiiid iii lliecol of numhera 
la I2b Now, the deeimul number ns flnnllv modiln’d niimelv. (k)2 OtMKHMl, has iiitie figures; one.tbiii 
of which is .H, therefore, mote the decimal imiiit ol the root 12(1, three places to (he left, making I 
>126. This is the reqd cube rt of the decimal .002, correct to the third uumerul 0 included. 


I'iKli roots aiKl liflli powers. 


I» 

UCkllDoj 
00001 in I 
000012 
.<)noiii) 4 | 

ntkwitf! 
oonnitii I 
OO 10176 
0000 1 ».l 
.0000210 
00IW229 
0000210 
0000270 
0000202 
OOOOSlii 
0000344 
0000171 
0000401 
00004.121 
.0000465 
.OOOOISOO 
.00605361 
.0000577 
.0000610 
.0000663 
0000710 
0000754 
.0000695 
.000165 

.doom 


0IK)112 170 

(H10l()4 ’ 17.5 
OOllHH IHO 
Olhl217 ' IHi 
:MI024K ' too 
0002H2 ' 105 

IMMi’iO 2(H) 
0O0U12 I 20 > 
(MHIlOH 210 
(HlOC.!) 21'! 
.(HH).!') .'220 

OWOj77 : 225 
()00(i44 210 

t)007n ,2,1i 

(KKIT'ifi I 2i0 
000602 , .245 
000977 ! 2.50 
<MJI07H I '5,5 
OOllHh ] .26(1 


001435 
(H)l.57.1 I 
001721 I 
OOIKWI I 
0020.1 
.002234 
002430 
00-2639 
00286.1 
.003101 
.00.1.1.55 
003626 


. !no 
j Knot 


001219’ .:a 
001.514 t 24( 
00,.^66 
0052)2 

0O.)(s1S 

(MKHM7 
tH)647H 
OOtJOU 
0074161 
007921 
(K)K4.59 
009022 
.009(.16 
010240 
.011566 
OMoa*) 
.014701 
016492 
0184.51 
0-20596 
0229.15 
•0-25460 
026246 
,031250 
at4!>f).1 
.0.1W)-20 
0418*20 
04.5917 
050.128 
.05.507.1 
.060169 
.06.56.16 
.071492 


.57 


!v 


077760 
OK 1460 
091613 
0(8)-244 
10(371 
II (>029 
1-25253 
13.5012 
1 45393 
.156103 
168070 
I604'21 
19-149-2 
■'07 !07 
22MH)1 
217 i05 
251.53 
270678 
•266717 
107706 
3-27660 
346676 
170740 
19-1904 
41H2I2 
.443705 
470427 
498421 
5-27732 
.558406 
.590490 
6«4ai2 


I'ott er 

No or 
Runt 

Power. 

No or 
Root. 

fiO.WK 

.93 

8 11368 

1 52 

.733W1 

.94 

8 66171 

1 54 

.773781 

95 

9 -23896 

1 56 

815.173 

.94) 

9 84658 

1 68 

6587.14 

.97 

10 48.58 

1 60 

.903921 

.98 

11 1.577 

1 62 

950990 

99 

1 1 8617 

1 64 

1 

1 

1-2 6049 

I 66 

1 10408 

1 02 

n 3828 

1 68 

1 -21665 

1 (M 

14 1986 

1 70 

1 .138-21 

1 Ot. 

15 05:17 

1 72 

1 46933 

1 08 

15 9495 

1 74 

I 61051 

I 10 

Ui 8874 

1 76 

1 76-234 

1 1-2 

17 8690 

1 78 

1 9-2541 

1 14 

18 89,57 

1.80 

•2 10034 

1 ill 

19 9690 

1.8-2 

2 28775 

1.18 

21 0906 

1.84 

2 48832 

1 '20 

-2-2 2620 

1.86 

2 70271 

1.'22 

-21.4849 

1 1.88 

2 93163 

1 24 

24.7610 

1.90 

3 17.580 

1 26 

‘26 0919 

1.92 

.1.4:1.597 

1.28 

27 4795 

1.94 

3 71293 

1 .10 

■28 9255 

1.96 

4 00746 

1.3-2 

:i0 4317 

1.98 

4.3-2040 

1.34 

:V2 0000 

200 

4 «5-2.5« 

1.36 

36.2051 

2.05 

5 00490 

1 38 

40.8410 

2.10 

5 .17824 

1.40 

45.9401 

2.15 

5 77,153 

1.4-2 

51 5361 

2.20 

6 19174 

1.44 

.57.6650 

2.25 

6 6.TI8.1 

1 46 

64 3614 

2.80 

7 10082 

1.48 

71 6703 

2.36 

7.59375 

1.50 

79.6-263 

1.40 


Continued on next 
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ROOTS AND POWERS. 


Fifth roots and fifth powers— (Continued). 


Power. 

No. or 
Root. 

Power. 

No, or 
Root. 

Power. 

No. or 
Root. 

Power. 

No. 01 
Root 

Pow er. 

No. or 
Root 

Power. 

No Of 
Root 

SB.27.15 

2 45 

75 

4 90 

8.587.4 

9 7(1 

2(MI9I».4 

19 2 

•20.511149 

29 0 

4.5916.5024 

54 

S7 

2 5(1 

2!(;i 84 

4 95 

9U fl2 

» Hi 

2747944 

19 ( 

21 22.92.fcl 

29 2 

.503284,175 


lOT.hiO 

2 5.) 

.11 2j (Ml 

5 (Ml 

9j(>J'» 

9 90 

2'''I2..17 

19 6 

2t96.>27.. 

29 4 

5507.(1776 

5(> 

US 814 

2 (>0 

.1450 25 

5 10 

l(M8MJO 

10 0 

.10431(6) 

19 8 

2272'2t,2M 

29.1, 

fK)lC'.(20j7 

i,7 

IIIO.SHS 

2 ()5 

.IH)2 (14 

5 2(1 

1 IU4(I8 

10 2 

..2OO000 

*20 0 

23j(K)7‘28 

29 8 

0.V,3:>(,768 


l4.i.4HS 

2 70 

41sl 9 j 

5 30 

121(3.5 

10 1 

.U. 42.12 

20 2 

21.(00000 

3110 

714924291 

59 

ir.T.276 

2 75 

4.591 65 

5-40 

1 1.182.1 

10 (1 

3.)! 10.59 

•2(1 1 

2(..49.3(,.(4 

.30 5 

777600000 

60 

17'i 104 

2 80 

50.12 84 

5 .Vi 

1469U 

10 8 

.I709(.77 

20 (> 

286291.51 

HI (1 

84459(»3()l 

61 

iMs.oaa 

285 

5:>(I7 32 

560 

161051 

11 0 

.4894289 

20 8 

31013642 

31 5 

9161328.CJ 

62 

m in 

290 

601(1.92 

5 70 

17(.2.14 

11 2 

4084101 

*21 0 

.(.(.5544.(2 

32 0 

9921.36543 

63 

tUJ.4l4 

2 95 

(i5().l 57 

5 80 

192.111 

11 4 

4282'122 

21 2 

.9.259082 

32 5 

107 1741824 

64. 

24:i.(MK) 

3 00 

7 149. 24 

6 90 

2116111 

11 1. 

41SK16(. 

21 4 

39135.(93 

3.3 0 

1 1(6129062.5 

ffi) 

2C;( 936 

3 05 

7776 (K1 

6 00 

228776 

11 .8 

470IM50 

21 6 

42191410 

3(5 

12.5-2;i32576 

66 

2«*i.‘_’U2 

3 10 

8415 96 

6 10 

•248832 

12 0 

492 4597 

21 8 

45435424 

.34 0 

1.350125107 

67 

SlO.l.'lfi 

3 15 

9161 33 

(1 20 

270271 

12 2 

515,4(fc42 

•22 0 

4KH75980 

34 5 

145(9.3.35(6. 

68. 

331) !>44 

3 20 

9924 .47 

(. .10 

2931().l 

1-2 ♦ 

..392186 

22 2 

52,521h75 

35 11 

([>640.31349 

69. 

3G2 5'J] 


107 17 

6 4(1 

.1175191 

12 6 

.(..!94'»3 

22 ( 

.VK(H21h; 

3.) 5 

l6S07n0(KMI 

70. 

.391.354 

3 30 

1 1(>03 

6 50 

34 1597 

12 8 


•22 6 

(>(l4n(>l7l> 

(() 0 

18042'2<(.t,51 

7L 

421.419 

3 .15 

I2i2.i 

(> 60 

371 2*M 

1.3 0 

(il (.13-27 

22 8 

6478.3487 

.((, 5 

19,1491 7632 

72. 

454 354 

3 40 

1, 1.501 

(1 70 

4IMI746 


64.46.(43 

23 0 

69.(4.39.>7 

37 0 

207,107 159.t 

7a 

4ft« 7(i0 

.3 45 

1 1539 

(.80 

4.i2(MO 

13 4 

6721093 

21 2 

741577 15 

17 5 

2219(M)(>6‘24 

74. 

625.-.’19 

3 50 

l.5(il(l 

6 90 

465259 

13 6 

70159.14 

23 4 

792.45)68 

38 0 

237 104(>87.5 

75 

5<53.B22 

3 55 

I (1^)7 

7 00 

500490 

13 8 

7.C20H25 

23 (. 

84587005 

1 38 .5 

2j3.5,') 2,5376 

76 

(KM 002 

3 (H) 

18012 

7 10 

5.17921 

ltd 

7(.:(63.f2 

•23 8* 

90'22(199 

.19 0 

27067841.57 

77 

(M7 HJ5 

3 65 

19319 

7 20 

577351 

14 2 

79(.2(.24 

24 0 

9(. 1.580 12 

39 5 

2887174.3(>8 

78 

(193 440 

3 70 

’07.11 

7 30 

(.19174 

14 4 

829'J976 

24 2 

I024000(K) 

1 40 0 

.(0770.V).399 

79. 

741 577 

3 7.) 

2.'1«I0 

7 40 

lK>.13K.t 

14 6 

8(MHIKi6 

24 4 

I0H'I6'2()I3 

40.-> 

j3276H00(K)O 

80 

792 .):)2 

3 80 

17,10 

7 50 

71(Ki'-2 

II 8 

'MMIfi978 

•24 (. 

1 1 >8 >6201 

41 0 

.3486784401 

81. 

845 870 

3 85 


7 (.0 


15 0 

9 48r200 

•21 8 

I2.(09.50‘20 

41 5 

.3707.(984,12 

82 

902 242 

3 'H) 

'7(3.8 

7 70 

81I.I(.8 

15 2 

97(..562.5 

25 0 

l.l(K.91‘2(2 

42 0 

(93‘1040643 

83 

flfil.5s<) 

.H95 


7 80 

W.r.l7l 

15 1 

1 01 ((2550 

25 2 

1 )8(, 57910 

42 5 

4182119424 

84 

1021 00 

•4. (VI 

.10771 

7 'Ml 

92.1896 

15 (. 

to ,72-278 

•2.1 1 

147008143 

43 0 

44,(70.5.3125 

85 

1089 (12 

4 05 

127(.8 

8 (Ml 

98l(>59 

15 8 

10S«».5tl6 

•25 (. 

I557.'>(i.538 

! 43.5 

4701270176 

86 

fl58 56 

4 10 

118(18 

8 10 

1(I4H57(. 

16 0 

114(1377 

•25 8 

l(.49i(,224 

; 44 (I 

4'tK4 209207 

87. 

1230 % 

4 15 

37074 

8 20 

Ill .771 

16 2 

11881.476 

•26 0 

1745018.58 

4(5 

5277319168 

88 

1.3(K1 91 

4 20 

39390 

8 30 

11m(.!67 

11.4 

123454 (7 

•26 2 

181 >2812.5 

45 0 

5.584(I[>9449 

89-^ 

1386 58 

4 25 

41821 

8 40 

1260194 

16.6 

1*282(886 

26 4 

1'I501(MI45 

4> , 59049(MKHI0 

90 

1470 08 

4 30 

44371 

8 f)0 

1.4.18278 

16 8 

13(170.55 

2(> (• 

205'I62'IT(m 

46 0 '6240(21451 

91. 

15r)7,.5>' 

4 .15 

47043 

8 60 

11198.57 

i 17(1 

1 18-».5281 

2(^8 

2I7402(,15 

4(. 5 

6.590815‘232 

92. 

1649 1(1 

4 4(1 

49842 

8 70 

].VI.5.4(M> 

17 2 

I J (49907 

•jro 

2'2'(.(45(MI7 

47 0 ,t;‘l.56Hh36!(;i 

93. 

174,5 02 

4 45 

.5277.4 

8 80 

1.591917 

17 1 

iI488H‘280 

27 2 

21l8(Mi.54( 

47 5 

7.3:19040224 

94. 

1845 28 

4 50 

5584 1 

890 

16887 12 

17 (. 

4.5443752 

•27 4 

2.5I80.(%8' 

48 0 

7737809,(7;, 

95 

19.50.10 

4 55 

5'HI49 1 

9 00 

1786,894 

17 8 

1(911.5(6,1 

27 (. 

2(.8.{.54(K3l 

48 5 

815(72(i976 

96 

2059 63 

4 60 

6'24(l.t 

9 10 

1889568 

18(1 

16604430 

27 8 

■’824752491 

49 0 

8587 140'25: 

97 

2174 0.S 


6,5'KI8 

9 20 

1 '(<169(11 1 

18 2 

17210'(68 i 

28 0 

2*171843911 

4'jr, 9039207968 

98 

2293 45 

4 70 

69569 

9 .40 

2i(i<i(M.i : 

18 4 

t78{3H(6( 1 

1 •28-2 

tl2.50fl000 

f.O (1 

9509900-19*1 

99 

2418 07 

4 75 

73390 

9 1(1 

2 ”(>2(11 ! 

18 6 

18475(09 j 

I ‘28 4 

M,502V2.51 

51 



2.)48 04 

4 80 

77.178 

9 .1(1 

•.'348(4-1 ' 

18 8 

l'(r(50T.5 

281) 

(8(V2(I40.C2 

52 



2683.54 

4.85 

81.5.37 

9 60 

•2476099 1 

19 0 

1981.(5.57 

■28 8 

418195493! 

53. 




Square roots of fifth powers of numbers, V^n®, 
or powers of numbers, 

Si*e table, j»ape 69. 

The column headed “12 n ” facilitates the use of the table in cases whew^ 
for instance, the qiuuiiitr i.s mven in inckefj and where it is desired to obtain 
the % power of the same quantity in /«-/.' Thus, suppose we heve a inch 
pipe, and we require llie % iKiwer of the diameter in feet. Find % (the 
diameter, in inches) in thecoluiuu headed “ 12 n,” opposite which, in the column 
headed “n,” is0.041G66 (t lie diameter, in feet), and, in column headed “n%,“ 
0.00035 (the % power of the diameter, 0.041666, in feet). 

Valuea of n, ending in 0 or in 5, are exact values. All others end in repeat* 
lost decimals. Thus : n ^ 0.052083 signifies n 0,05208;i333 



BOOTS AND POWERS. 


Sqnnre roots of IlfHi powrrs of numbers. See page 6 &. 


IJii: n ]i5 

12 n! u 1 11? 

12 n 

" 1 

nS 

12 n 

II 


0 02l)s.t;{ 0 OOlHKili 

22 1.8:433! 4.V.10 

81 

7 000 i 

129 64 

468 

89 

9499 

§|o(i.{r2')() (1 (K)i»i7;i 

23 1 91)>). 5 08.79 

8.7 

7 08:3 

133 5.4 

480 

40 

10119 

^()i)4ir)(;(: (I omii 

21 2.()0)H), 5.(;.769 

.8(* 

7 I6(< 1 

1:37. .70 

492 

41 

10764 

% 0 (l.ViOS.! <1 (hHM.19 

2.7 2 08.43 6 2617 

S7 

7.2.70 

111 .73 

.704 

42 

114:32 

% «.(M)2r)()U‘(( trt)l«)77 

26 2 t6C.6 6.9100 

88 

7 :3.{:4 

145 (■):{ 

516 

43 

12125 

% 0 07291f. « 0()14:w 

27 2 2.70)). 7..79;4.8 

89 

7.416 

149.80 

.7281 44 

12842 

1 lOtmm 0 U(>2(KI,1 

28 2. 4.4 {.4' 8 31(1.7 

90 

7 .7(H) 

1.74 0.7 

.'^>4()1 45 

1.3.784 

%'i) {);r{7ri(i ().oo‘2*i'.ii 
j/4 o.i()4it»t. 0 (iu;{r)i)‘2 

29 ,2 ll(.6l 9 0791 

91 

7 .78.3 

1,78.;{6 

5.52 

46 

14.351 

:{() 2.7(MM) 9..8.821 

92 

7 666 

l(i2 75 

.7C.4 

47 

1.7144 

%'().! 14.7s:i‘0 ()0U44 

.41 2 5S3.{; 10.726 

93 

7 7.70 

167.21 

57(5 

48 

1.7964 

k o.i2.)U(i(i o.oo:»:)24 
% ().1:4M1C. 0 (K)t‘)74S 

;32 2 6(;(;6 11.612 

;{3 2 7.700 12 541 

91 

9.7 

7 8:33 

7 91b 

171.74 
176. 134 

588 

600 

49 

.70 

1(5807 

17678 

k' 9 14'>.S.W.() (M)«122 

:{4 2 8:4:{.4! 1.351:3 

9b 

8.000 

181 02 

612 

51 

18676 

% 0 ir)(:25() i» oo9(ir)i 

:{5 2 916(>: 14 528 

97 

8.08:4 

185.77 

624 

52 

19499 

2 0 1) oii:i4i) 

:46 3 0(HK}' 15,588 

98 

8 166 

190.60 

(5:5(1 

53 

20*1.70 

0 iH75iK) (i.yir)223 

:47 13 08;4:{ I6 694 

99 

8.2.70 

195.49 

(548 

M 

21428 

% 0 20^3 i) (Iliwi 1 

:38 .4 1 (.(.(•> 17,845 

100 

8.:3:i3 

200.47 

(5(50 

5.7 

22434 

% 0 2291(16 0 020] 41 

.39 ;12.7(K)| 19.042 

102 

8.50 

2 1 0.64 

(572 

56 

2:3468 

3 0 2o(l(K]0 0 031200 

40 .{:{.4:{3 20.286 

10.7 

8 75 

226.47 

684 

57 

24529 

}i,0.27(I.S33l0 0HM17:t 

41 3 4166 21 578 

108 

9 (H) 

21:300 

(596 

.78 

2.761t 

k 0 i M(i6t)'0 04o94;t 

42 .{.'>00() 22.918 

111 

9 25 

2(K).2:4 

708 

69 

267:48 

% u :M2 o(H)Io o:)1o92 

43 ,.{ .78.{:{ 24.:4()6 

114 

9 .W 

278.17 

720 

60 

27885 

4 o.:{.«.«:noo64ir.o 

44 .{.6(i(»(» 25.744 

117 

9 7.7 

296.83 

732 

61 

2SH)62 

y 0.3r)4](.6 0 071618 

4.7 .{.7.7()(), 27.2.32 

120 

10 0 

316 23 

744 

62 

30268 

k|0,37.5(M)0'0 08611 5 
%,0 3968 (310 0;>8fi78 

•16 .{ 8.{3.{i 28 770 

12(i 

10.5 

:4i77 25 

7.7(5 

63 

31.703 

47 .{91(.(. . 10 : 4.79 

i:{2 

II 0 

401 31 

7(58 

64 

32768 

6 0.4 l()66i: u 11207 

18 4 0000' .32 000 

1.38 

11.5 

448.48 

780 

(5,7 

340(53 

y 0.437.700 i» 126(U) 

49 8 0s:i:{. .33 693 

144 

12.0 

498,83 

792 

6(5 

3.7388 

k 0.4.-)S;{;j3 0 1 4222 

,70 4 1(;6(>1 37 438 

1.70 

12 5 

.7.72.4:{ 

804 

67 

:36744 

% 0 479166 0 1.7.S93 

,71 4 2.700 37.237 

1.76 

13 0 

(>09.34 

816 

68 

38i:{U 

6 0 .‘KHIOOO O 17678 

.72 4 3.t;u, :49 089 

162 

13 5 

669 ({3 

828 

6'J 

39.748 

k 0 .741666 0 21.V)4 

.74 4 1166 40 996 

1(>8 

14.0 

7:43 .37 

840 

70 

40996 

7 0 .78 {.(33 0,2.7989 

.74 4.7000 42.9.77 

174 

14 5 

800.61 

852 

71 

42476 

k 0 62.7000,0 30882 

8 iO 666(i(.6 0 .{62.80 

5.7 4 .78.{.4. 44.973 

1.80 

15 0 

871.42 

m 

72 

43988 

.76 1 (.6(.()' 47 0*1.7 

18(, 

15 5 

915,87 

876 

7:i 

4.7.7:31 

kO 7(t.-. {.{.{, 0 42227 

57 1 7.7(K)i 49.174 

192 

16.0 

1024 0 

888 

74 

47106 

9' 10.7.70000 0 48714 

58 4 8:;.4:4, 51 :{59 

198 

16 5 

1 10.7.9 

900 

75 

48714 

k 0.79166I» 0 .7.77(i4 

.V) 4 91661 .73 602 

204 

17.0 

1191 6 

912 

76 

.703.74 

10 i0.8{3333'0 6r{94 

60 .7 (H)(K)' 57 902 

210 

17.7 

1281.1 

924 

77 

52027 

k‘0 87.7000i0.716i8 

61 f) (Ki:{' .78 260 

216 

18 0 

1:474.6 

9:4(1 

78 

537351 

11 0 916660 0.804.71 

62 .7 I(>()6 60 677 

222 

18.7 

1472.1 

948 

79 

.75471 

k 0 9.783.43 0 80907 

63 .7 2.700, «>:{ 1.74 

228 

19 0 

1.77:3,6 

960 

1 80 

57243 

12 1 000(8)0! I.OIHMK) 

64 .7:!,4.;:4' (i.7.690 

2>1 

19.5 

1679.1 

972 

81 

.7SK)49 

UlKiOO 1 1074 

67 5 4166 (»8 286 

210 

1 20 

1788 9 

984! 82 

(‘>0888. 

13 1 0.8, {.{.43 1 221.7 

({(’. .7 .7000' 70 94;( 

2.72 

21 

2020.9 

996 1 8,3 
1008 84 

62762 

k 1.12.7000 1 .3424 

67 5 .78.;.4: 7:4.b(.0 

2()4 

i 22 I 

2270.2 

646G9 

14 1 166666 1 4702 

(,8 .7.6(.66, 76.440 

276 

1 

2.5:17.0 

1020 

Hr> 

(56611 

k 1 208;W.4 1 60-81 

69 .7 7.700 : 79.281 

288 

24 

2.S21.8 

1032 

86 

(58.788 

15 1 2.70(8)0 1.7460 

70 .7 8:«3' S2 18.7 

:3oo 1 2.7 

.412.7,0 ! 

1044 

87 

70.799 

k 1 291(*66 1 89(,2 

71 .7 9166 8.7.1,72 

312 

26 

.1446.9 

10.76 

88 

7264,7 

16 1 :4;433.{:( 2.0.728 

72 6 00(K1 88 I. '^2 

324 

27 

3788,0 

J068 

89 

74727 

'*7.7000 2 2170 

7:4 6 08.43 91 27(i 

:;:ib 

28 

1148.5 

1080 

90 

7684:3 

17 1 416-itj6 2.3887 

74 6 I6(,6 94,434 

348 

29 

4.528.9 

1092 

91 

78996 

k 1.4.783;{3 2..7C83 

75 6.2,700 97 6,76 

.360 

:40 

1929.5 

1104 

92 

81184 

18 1 .700000 2 7.7.77 

76 6.:3:4:43 100 94 

:{72 

,31 

•5:3.50 6 

1116! 9:4 

8:3408 

k 1..741666 2.9710 

77 6 4166,104:30 

.3.84 

.32 

.7792.6 

1128: y4 

85668 

19 1.5^3^4:{3 3.1545 

78 6 .7000 107,72 

. 3 % 

3:3 

(52.75 8 

1140 

95 

8796.7 

k 1.625000 3.3662 

79 6.78.43 11120 

408 

34 

6740.6 

11.52i 96 

90298 

20 1,666666 3,5861 

80 6 66(^114.76 

420 

735 

7247,2 

1164! 97 

92668 

k 1.7083:43 3.8144 

81 '6.7,700 11. S.:!? 1 

4:42 

36 

7776.0 

11761 98 

9.7075 

21 1,7.70000 4 0.71:3 

82 6.H:3:4,4 122.06 

444 

37 

8:327.3 

11881 99 

97519 

k 1.791666 4 2968 

b.i (»,9166 12,7.82 

4.76 

38 

8901.4 

1200,100 

KKiOOO 
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LOGARITHMS. 


Log:arl thins. 


(1) Tables of logarithms greatly facilitate multiplication and division and 
the finding of powers and roots of numbers.* 

(2) The tables pp. 78 to 91 contain the common, decimal or 
lograrlthmt* of numbers. The common logarithm of a number is the ex- 
ponent or index of that number as a power of 10. See (18). Thu.s ; 1000 = 10*, 
and log 1000 (logarithm of 1000) =- 3 00 000. Similarly, 28.7 - 10 i.* 5T88, and 
lew 28.7 = 1.4f) 788. 

(3) In general, let A and B be any two numbers, and k any exponent 
Then, from the principle of powers and roots, we have 

(1) log AB = log A + log B ; (2) log | -= log A - log B ; 

(3) log A* k (log A) ; (4) log ^ 


In other words — 

(1) Log of product = sum of logs of factors. 

(2) Logof quotient --- log of dividend — log of divisor. 

(ir log of fraction - log of numerator — log ot denominator. 

(3) Log of power - log of number, mulli])lied by exponent. 

(4) Log of root = log of number, divided by exponent. 

(4) From wliat has been said, it follows that 


Log 100 = log 10» 2 00(XK) 

Log 10 -= log 101 == 1.00 000 

Log 1 log ]0« = 0.00 OOOt 


Log 01 = log 10-1 i.oo OOOt 

Log 0.01 = log 10-s = 2.00 000 

Log 0.001 log 10-3 = 3.00 OOO 


(5) Each common logarithm is a mixed number, consisting of an intcffral 
portion, called the cliaractcriMUc or index (jnecedmg the deciinal 
point), and n fractional portion, called themantiHHa(/ollc>'tempthe decimal 
point). The table gives only the manlista of each log, the characteristic 
being found as explained below. The mantissa is always positive. The 
churucterlstic is equal to the miiuber of the place of the first significant figure 
jn the number, counting from the unit place as ssro, and is positive for whole or 
mixed numbers, and negative for fractions. Thus: 

log24600 4.39 094; log 0 . 0 0 0 0 4 = 5.60 206. 

4331U 0l3S4ft 

For example : 


log 2870 = 3 45 788 

“ 287 -- 2 45 788 

" 28.7 = 1.45 788 
" 2 87 = 0.45 788 


log 0.287 = L45 788t 

“ 0.0287 = 2.45 788 
“ 0.00287 ^ 3.45 788 
0.000287 = 4.45 788 


It will be noticed that the mantissa remains constant for anv given com- 
bination of significant figures in a number, wherever the decimal point in 
the number be placed ; while the characteristic depends solely upon the 
position of the decimal point in the number. 

(8) I^et the number be resolved into two factors, one of which is an 
integer power of 10, while the other is greater than 1 and less than 10. Then 
the index of the power of 10 is the characteristic of the logarithm, and the 
logarithm of the other factor is the manti.ssa. Thus, 2870 = 1000 X 2.87 = 
10* X 2.87, and the logarithm of 2870 (3.45 788) is the sum of the exponent 3 
(or 3.00 000) and the log (0.45 788) of 2.87.1 


* IjOgarithms not being exact quantities, operations performed with them 
are subject to some inaccuracy, especially wnere a logarithm is multiplied 
by a large number, the existing error being thus magnified. Logarithms of 
only five places in the mantissa usually suffice for calculations with num- 
bers of four or five places. Greater accuracy is obtained by the use of 
tables of logarithms carried out to seven places, 
t Log 1 = log = log lO-log 10 = 1-1 = 0 ; or 1 = ](fi. 

Log 0.1 = log = log 1 — log 10 = 0 — 1 = i.O; or 0.1 = 10->. 

1 0 287 = 2.87 -4- 10. Hence, log 0.M7 = log 2.87 - log 10 = 0.45 788 - 1, 
which, for convenience, is written 1.45 788. See (16). Similarly, log 0.0287 
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(7) To lind the lorsrithm of a number. The short table on pagei 
/8, 79 gives logs of nunibers up to 1000. The longer table, pages 80 to 91, 
gives 

(I) The mantissa for each number from 1000 to 1750 

(J) The mantissa fur each even, number from 17M to" 3750 

(3) The mantissa lor each A/i/i number from 3750 to 10000 

(») Logs of nambers intermediate of those given in the tables art 

found by simple proportion. The procedure necessary in these cases ii 
explained in the examples given in eunneclion with the tables, but it will 
ollen be found suflaciently accurate to use the log of the nearest number 
given m the table, neglecting interpolation. 

The antilO|rarlttlin,fonnet ly called tlie nilin ( nnmerus logai itfimi), 
13 the number eorreN|»ondin|r to a given logarithm. Thus,' Jog. 2 =• 
0.30 103, and antilug 0 .'10 103 2 Usually wiitten; “ log — i 0 30 103 = 2." 

(9) Blaltlplleatlon. To multiply together two or more numbers, add 
together their logs and find the antilog of their sum. See Troportion 
(11) below. 

(1^ Di viNion. Subtract the log of the divisor from tJiat of the dividend, 
and find the antilog of the remainder. .See IToportion (11) below. 

The reciprocal of any number, n, Seepage 52. Thus, recip 2 ^ 

^ - 0.5. Hence, log recip n log - log 1 — log n - - 0 — log n. 

Similarly, log rccip - log- ^ 0 — log”*. 

« m —11 n 

Since n*-t = td - n'-t - n” ” - 1, i ^ , and n'>-2 - n-* 

a n ' n 

= it follows that log n i log|^ log recip n , log n-* -- log ^ - lof 

recip a-, etc. 


(II) Proportion. Example. 6..3023 : 290.19 - 1260.7 : ’ 


Multiply Nos, 
Add Logs. 


( Log 290.19 

’ “ 1260.7 

^ Log 290.19 X 1260.7 


- 2.46 269 
3.10 062 
556 3:11 


Divide Nos, f 6.3023 - 0.79 9 .j0 

Subtract liOg. ( Log 58051 - 4.76 :1H1 

The true value is .58019.05 + 

(l‘/4) Instead of subtracting the log of the divisor, w c may add its coloipa* 

rithin or arithmetical complement, which is log of reciprocal 

of divisor, - 0 — log divisor -- 10 — log divisor — 10 Thus ; 


3.:?32 x 8 6.5.5 


Log 1523 3.18 270 

Colog 3.332 - 10 - log 3 332 - 10 ^ 10 - 0.52 270 ~ 10 9.47 730 - 10 

( olog 8 655 -- 10 -- log 8.6.55 - 10 - 10 - 0.93 727 - 10 -- 9.06 27 3 - 10 
Sum of logv and cologs ^ 21.72 273 — 20 


The true value is r)2.8ll4 + 

(13) Involntion, or flndinftr powera of numbers. Multiply log of 

E ven number by the exponent of the required power, and find the anti* 
g of the product Thus : 363 = ? 

M ^ i ">5,630. 1.55 630 X 3 = 4.66 890. Antllog 4.66 890 = 466.56. 

(14) Kvolntlon. or nndingr roots of numbers. Divide log of riven 
number by exponent of required root, and find antilog of quotient. Thus; 

? Log 46656 -- 4 66 890. 4.66 890 -3- 3 - 1 ..55 630. A ntilog 1 .55 680 = 86 
(15) Involution and evolution of fractions. Negative aharacteristics. 
See page 72. 
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KxamplpR. Required; (1) 0 48’; (2) -^0.48 = 0,48''^^* 

Log 0.48 - iog (48/100) = Jog 48 — Jog 100 = 1.08 124 — 

2 68 124 - 2 7- — 0 ;n 876 - 0.68 124 -—1; ii.suallv written 1.68 124. 

(1) Log 0.48" =2 log 0 48 = 2 (—0.21 876) - 2(0.68 124 — 1) 

- —0.02 628 ^ - 2.04 272 — 2 

Each = 1.04 272. Tho (orrcspoTiding No. is 0.1106. 0 48'' — 0.1106. 

(2) Log 0.48*^'' “ (log 0 48) /2— (0 68 124 — 1 ) /2 — (2.68 124 - 2) /2 

— ( — 0.21 87(.) /2 — 0 22 708 — O 22 222 - 0.81) 27.7 — 1 

- —0 1 0 62 .7 r= — 0 1 0 62 .7 - 7.80 2 7.7 

Each = 1.89 37-7. The corresponding No. is 0.7830. ■^0.48 = 0.7830. 
(16) To avoid inconvenience from the use of nog^ntive character* 
iHticN, it is customary to modify them by adding 10 to them, afterward 
deducting each sncli 10 from the sum, etc.*, of tlie loganUmiB Thus; in 
multiplying or dividing 7125 by 0 2.7, we liave 



M nltiph ing 

Dividing 

either 

log 7425 - 3.87 070 

0,87 070 


log 0 25 - 1 39 791 

f .39 794 


3.26 864 


or 

log 7125 .">87 070 

modified log 0 25 = 9 :!9 794 — 10 

:’..87 070 


= 9.3(1 794 — 10 


12 26 861 - 10 

6 47 276 + 10 


- 3.26 8G4 

4 47 276 


In most cases the actual proce.ss of deducting tlie added tens may be 
neglected, the nature of the wurli usually being such that an error so great 
as that arising from such negleot could hardly pass unnoticed 
(17) To divide a modified lojKarithm.add to it siicli a multiple of 
10 as will make the sum exceed the true log by 10 times the divisor. Thus : 
to divide logO(KK)48 by 2, Log 0 00048 -- 4.68 124, wliich, divided by 3, = 
2.89 37.7. See (15). 

Log 0 0(X)48 ^ 4’ 68 124 
Modified log 0.00018 - 6.(»'l21 - 10 
\dd 2 10 20 - 20 

Div iding by 2) 26 08 J24 - 30 

we obtain 8.89 27.7 -- 10, ^^hIch is 2.89 37.7 modified. 


(18) Except 1, any nninbcr can (like 10) lie made the liase of a system of 
logarithms. The base of the hyperbolic*. Kapierian. or natural 
logrnrithmsi. much used in steam engineering, is 


' + I + 1 X 2 + 1 - " - 

and is called < (epsilon) or e. 
M - - logio^ (common logf) 


- 2.71 828 + 


For any number, n, 
IoK,n 


0.4o 429 ; =log « 10 (hyperbolic log 10) ^ 2.30 259. 
M 


202.79 log^o ” ! ^ogjo n M log, n -- 0.43429 log* n 


(19) Whatever may be the base chosen for a system of logs, the man- 
tlBsas of the logs of any given numbers bear a constant ratio to each 
other. Thus, in any system of logs, log 4 is always = 2 X log 2, and 
= % X log 8, etc., etc. 

(20) liOc:arifhmic Mines, tangents, etc. of angles are the logs of 
the sines, tangents, etc. of those angles. Thus, sin 30® = 0..70(K)(X)0, and log 
tin 30® = log. 0 5 -= 1.69 897, usually written 9.69 897 — 10, or simply 9.69 897. 

For tahlea of logarithmic sines, tangents, etc., see pp. 1029, etc. 

(21) Since no iwwer of a positive number can be negative, negative num- 
bers projierly have no logs; but operations with negative nnm- 
bera can nevertheless be performs by means of logs, by treating all the 
numbers as positive and taking care to use the proper sign, + or — , in the 
result. Thus : reqidied the 3rd power of (—2). Log 2 — 0.30 103; and 
3 ^ 0.30 103 -- 0 90 309 = log 8 : but (—2)3 must be negative. Uence (—2)3 = —6. 
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The liOearithmie Chart anil the Slide Rale. 

(1) By means of a lojrarithmic ehartor diagram (often miscalled loea- 
rithmic cross-section paix^r') loprarithmie operations are performed praphi- 
cally, and by means nf the slide rule mechanically, without reference 
to the loparilhms lliemselves *. But see ft P 76. Their use greatly facili- 
tates many hydraulic and other engineering computations. 


(•) The ratio between the mantissas nf the logs of any given number! 
being constant for all - stems of logs, the ratio between the distances laid 
off on the chart or slide rule is the same for all systems, and the use of the 
chart or rule is independent of the system of logs used. 
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(2) The ioicarithmic ehari consists primarily of a square,* on the 
sides of which the distances marked 3-2. 1-3, etc., are laid off by scale 
accurdine to the logs (0.30 103, 0.47 712, etc.) of 2, 3, etc. Ordinary 
■‘squared” or cross section j^aper may of course be used for loga. 
fithmic plotting, by plotting on it the logs instead of tlieir Nos. Lines 
representing Nos. may be drawn in their proper places as desired. 

(3) As ordinarily constructed,! the Slide rule consists essentially of 
four scales. A, H, t;, and D, see (IT'), scales A and D being placed on the 
** rule,” while B and C ar« placed upon the sliding piece, or ” slide ” As 
in the logarithmic chart, see (2), tne scales are divided logarithmically 
(see figure), but marked with the numbers corresponding to the logs. Scalei 
A and B are equal, as are also scales C and D, but a given length on A or B 
represents a logarithm twice as great as on C or D. Bee (4). Hence, each 
number marked on A is the square of the coinciding number marked on D. 

(4) A single logarithmic scale is usuahy numbered from 1 to 10, or from 
10 to KX); but it may be taken as representing any senes embracing the 
numbers from 10*^ to 30" 'f' as from 0.1 to 1.0 (n = —1); or from 1.0 to 
10.0 (n =* 0); or from 10.0 to 100.0 (n = 1); or — etc., etc. Here n and 
n + 1 are the cbaructerlsticn of the corresponding logarithms. 

A single scale would therefore serve for all values, from 0 to infinity; 
but for convenience several contiguous scales are sometimes added, as in 
the log chart*. 

When a line roaches the limit of a square, the next square may be 
entered* or the same square ma^ be re-entered at a point directly opposite. 
Thus, in the case of line xh (= l/z*). 


Line marked 
z% 


( 2 ) 

( 8 ) 

(4) 


between 


1 and S 
S] and S, 
S3 and S4 
Sg and H 


1 corresponds to values of 

z from 

zH from 

Ito 10 

1 to 4.64 

10 to 31.62 

4.64 to 10 

31.62 to 100 

10 to 21.64 

100 to 1000 

21.54 to 100+ 


Note that the numbers, marked on any given scale, must be taken as 10 
times the corresiKindlng numbers marked in the next scale preceding, and 
the characteristics therefore as being greater by 1, and mce versa. Thus, in 
our figure, log 1.6 + log 2 - - 1-1.5 + 1-2 = log 8 = distance 1-M. But 
log 15 -f log 20 -^(1-1 5 +1-10) +(1-2 + 1-10), so that the characteristic 
ofthe resulting log is greater by 2. and the 3 representing the product of 15 
and 20 is really in the second square to the right of that shown. In finding 
roots of numbers, remember that multiplying or dividing the number by 
0.1, 10, 100, etc. (i. c,. changing the characteristic of its log), changes also 
the mantissa of the log of its root. Thus, ^ 2.7 — 1.39.., (log — 0.14 379); 
but 1*''27 ^ S, (log = 0 47 712) and 1^270 = 6.46 . . , (log = 0.81 023). The 
chart or rule gives alt such possible roots, and care must be taken to select 
the proper one. Most operations exceed the limits of one scale, and facility 
in using either imstrument depends largely upon the ability to pass readily 
and correctly from one scale to another. This ability is best gained by prac- 
tice. aided by a thorough grasp of the principles involved. Where several 
successive operations are to be performed, a sliding runner or marker 
(furnished with each slide rule! is used, In order to avoid error in shifting 
the slide. Detailed instructions are usually furnished with the slide rule. 


(*) A common form of chart has four or more similar squares joined 
together. See (4). Our figure represents one complete square, with por- 
tions of adjoining squares For actual use, both charts and slide rules 
are, of course, much more finely subdivided than in our figures, w'hich are 
given merely to illustrate the principles. Careftilly engraved charts are 
published by Mr. John R. Freeman, Providence. R. I. 

(t) Other forms embodying he same principle are : The ” Reaction Scale 
and General Slide Rule,” by W. H. Breithaupt, M. Am. Soc. C. E. ; Sexton’s 
Omnlmeter or Circular Slide Rule, by Thaddeus Norris ; The Goodchlld 
Computing Chart ; The Thacher Calculating Machine or Cylindrical Slide 
Rnlc ; The Cox Computers, designed for special formulas; and the Pocket 
Oaleulator. issued by ” The Mechanical Engineer,” London. 
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]»fulfiplloBllon and division. For example, 2 X L 5-^ I On 

t-X in the ehart, or on C or D. in the hlkle rule, the distance 1-1.5 reprf- 
ints bv scale the logarithm (0.17 009) of 1..5. and 1-2 represents the 
logarithm (0.30 103) of 2. If now we afld these two distances together, 
bv laving off 1-2 from 1 on 1-X of the chart, or by placing the slide as 
In the figure, we obtain the diMance 1-3 - .47 712 the mantissa of log 3 
or of log” (2X1 5) .♦ Conversely, todi vide 3 by 2, we grajdiically or mechani- 
cally subtract 1-2 from 1-3 



(«) In the loicarlthmie chart, the scales of both axes, 1-X and 

1-Y, being equal, a line 1-H, marked r. bisecting the square and form- 
ing an angle of 45° with each axis (tan 45° — l),t will bisect also the inter- 
sections of all equal co-ordinates. Thus, points In the line x, immediately 
over 2, 3, 4, etc , in l-X, are also oiiiiosite 2, 3. 4, etc , respectively, on 
1-Y. See ( 4 ). 

(7) If lines 2-\, 3-K, etc. (marked 2x, 3x. etc.\ parallel to and above 
1-H, be drawn through 2. 3, etc., on I-Y, then points in such lines, im- 
mediately over any number, x, in 1-X, will be respectively opposite the 


f*) In the slide nile, with the slide as shown, each number on D is =» 
1 5 X the coinciding number on C, 

(t) In discussing tangents of angles on log chart, we refer to the actual 
measured distances, as shown on the equally divided scales of logs in our 
figures, and not to the numbers, which, for mere px)nvenience, are narked 

p -D 1 A IQ 

on the chart. Thus, in line l-B, tan C 1 B = ^ ^ not 
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numbers giving the products 2a;, 3x, etc., on 1-Y ; while similar lines, 
drawn below 1-H and through 2, 3, etc , on 1-X, give values of *> etc., 

respectively if these lines etc , be produced downward, they will 

cut 1-Y (produced) at 0 5 (= (= U), etc., respectively * See (4l. 

(8) Powerw and rooij*. If a hue x* be drawn through 1, at an angle 

8, 1-X, whose tangent, is 2, it will give values of x*. Thus, the ver- 

l-f'3 

tical througii 3, on 1-X, cuts the line x* opposite 9( 3®) on 1-Y, Simi- 

larly, line (tangent — 3j gives values of x®; and line i ^ (tangent — %) 

gives values of x^ Yx. See (4). • 

(9) Any equation of the form y = C.x*» in which log y — log C -f n log x, 

(such as • area of circle = w radius*), is represented, on a logarithmic chart, 
by a straight line so drawn that the tangent T of its angle with 1-X is = n, 
and interseclHig 1-Y at that yannt which represents the value C. Thus, 
the line marked w x*, (tangent ~ 2) is a line of sipiares, and, being drawn 
through V ( 3 14. ) on 1-Y, it give.s values of it x*. Thus, for a circle of 

radius 2, \\ e find, in the line it x- over 2, a jiointL opposite E, or 12 ,'>7. . . , the 
area of such circle.f Conversely, having area = 12 57. . . , we obtain, from 
the diagram, radius - 2 

(10) If a chart is to be used for solving many equations of a single 
kind, such as ?/ = C x«, where C is a variable coefficient, and n a constant 
exponent, parallel lines, forming the proper angle with 1-X, should be perma<- 
nently ruled across the sheet at short intervals. 

(11) For any log, as 1-3 (= log 3), we may substitute its equal, M-N 
or 3-N, extending to the central diagonal line 1-H, marked x; and then, 
aince, for instance, 1-1.2 — N-Q, 1-3 N-K, etc., we may add any log 
(as 1-3) by moving upward from line x (as from N to K) or to the rifirW, 
and subtract any log (as 1-1 2) by moAing downwnid (as from N to Q) or to 
the Z</1. This facilitates the jierionnance of a series of operations. 


To multiply 1.5 by 2 ( = 3), by 3 (= 9), and divide by 2 (= 4.5), 

F-G == 1-F - log 1.5. Add G-J - 1-2 -- log 2; sum -= F-J =- log 3 1-3 = 

M-N. Add N-K =•- 1-3 - log 3; sum = M-K = log 9 *= 1-9 ^ 9-R. Subtract 
K-T 1-2 - log 2 ; remainder ^ 9-T = log 4.5. 

For an example of the application of this principle to engineering prob- 
lems see " Diagrams for proportioning w'ooden beams and posts,” by Carl 
S. Fogh,” Engineering News'*, Sept. 27, 18M. 

(13) NevAtlve exponents. Ifx is in the divxsor, the line will slope 
tn the opposite direction, or downw;ard from left to rieht. Thus, line 4-2 
leaving 1-Y, at 4, and forming, with 1-X, the angle X, 2. 4, with tangent 

— — 2, represents the equation ^ 1/ ^ = 4 xr- 

(1«) Tf the lines of products, powers, and roots, C x, x". and -./j." etc., 
be drawn at angles whose tangents are less by I than thrae 
formed by the corresponding lines in our figure, Svinx^muit? 

directly from oblique lines drawn parallel to 2-2. 

pies and sub-multiples of the /rst power of x then become honzonial hne» 

(14) ^Powem and root* by tbe nlide rule. Swles C and D ^ing 

twice as large as scales A and B, these Sfnv“in?thi?alffe 

form a table of squares and of square roots. See (»2v5 with the 

we solve equations of the forms j/ (G x)* and y ~Cx Thus, with the 


(*) In each of these lines, the Pjod”®* of the two number at it® ends^s 
«r 10 Thus, in line 2-A. 2 X 5 « 10 ; in 3-K, 3 X 3.33 ... - 10, etc. i ne 
chart thus fhrnishes a table of rMiiprocal*. Acenraev in 

(f) Even with full-size charts and slide rales 

not to be expected beyond the 4hlrd or fon^ significant fl^re. 

ii published by Messrs. John Wiley & Sons, New York. Price, 25 cents. 
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ilide as shown, each number on A is — the square of (1.5 X the coinciding 
number on C) ; while, with 1 on B opposite 1.5 on A, each number on A is =» 
1.5 X the square of the coinciding number on C , . .u 

( 15 ) Since - x' X a*, we find cubes or third powers by placing the 

slide with 1 on B opposite a:» on A (». c , opposite z on D), see (»), and read- 
ing from A opposite x on B. Thus, l.r.' ? Place 1 on B (>ppo.site 1.5 on 

D - t e. oppo.dte la* (=2.25) on A Then, on A, opposite 15 on B, find 
3 375 = 1 5*. Or, turn the slide end fur end. Place 1.5 on B opposite 1 5 
on D t. e., opposite 1.5» = 2.25 on A. Then, adding log 1.5 (on B) to log 2.25 
on a[ we find 3.375 (= 1.5») on A opposite 1 on B. 

( 16 ) Conversely, to find f/jc. we .shift the slide (in its normal position) 
until we find, on B. opposite z on A. the same number us we have on D oji- 
posite 1 on C. and this number will be f z. Or, turn the slide end 
for end,=r place 1 on C opposite z on A, and find, on B, a number which 
coincides with its equal on 1>. This number is )* z. See also (17), (IH). 

( 17 ) On the back of the slide is usually placed a scale of logs (see scale 
shown below the rule In figure) and two scales of angles, marked “ 8 ” and 
"T” respectively, for finding sines of angles greater than 34' . . .", and 
tangents of angles between 5° 42' ..." ana 45°. 

(IH; Placing 1 on C opposite any number z on I> (with slide in its normal 
position), lug X is read from the scale of logs by means of an index on the 
back of the rule. The logs may be used in finding powers and roots. 




1 1 1 

1 — 

_J 1 L 

1 1 J 1 1 1 


2 3 

4 6 07 HOI 

2 3 'f ^ tfT AfO ii) 


Mil 

2 3 4 

1.5 2 

i iiittj 2 s J i< 

? f f ? » ? Id 


— 1 

1.5 

2 3 

4 5 a 7 H 0 ID] 


1 

-T 1 T 

1 1 1 1 \ 1 


i.o 0.0 0.1 0.2 OJi 0.4 0.5 0.0 0.7 0:5 0.0 1.0 1.1 

Logs. 


(19) To find the sine or tang'ent of an angle a ; bring a, on scale S or 
T, as tlie case may be, opposite the index on back, and read the natural 
(not logarithmic) sine or tangent opposite 10 at the end of A or D : sines on 
B, and tangents on C. Or, invert the slide, placing S under A, and T over 
D, with the ends of the scales coinciding. Then the numbers on A and D 
are the sines and tangents, respectively, of the angles on S and T. 

I'HUtlon. Sines of angles less than 5° 45' . . . " are less than 0.1. 

“ “ 90° " “ “ 1.0. 

Tangents “ “ betw. 5° 42' . . . " and 450are hetw 0.1 and 1.0. 


(20) On the back of the rule is usually printed a table of ratios of num- 
bers in common use, for convenience in operating with the slide rule. Thus ; 

diameter 113 U. S. gallons 3 r , v 

c"i^n.mfer.nre “ J56 ' pound. “ 2.1 
'21) Soaping the edges of the slide and the groove in which it runs, will 
often cure sticking, which is apt to be very annoying. If the slide is too 
loose, the groove may be deepened, and small springs, cut from narrow 
steel tape, Inserted between it and the edge of the slide. 


{*) With the slide thus reversed, and with the ends of the scales coin- 
ciding, the numbers on A and Bare reciprocals (page 52), as are also 
those on C and D. 
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LOGARITHMS OF NUMBERS TO 1000 
For use of logarithms, see pp. 70, 71 and 72. 

For five- place loKarithms of numbers to 10,000, see pp. 60 to 91* 


I [1221 





0000 

3010 

4771 

6021 

6990 

7782 

8451 

9031 

9542 

0000 

*0414“ 

0792 

1139 

T46r 

17^ 

*204r 

*236r 

2553 

2788 

3010 

3222 

3424 

3617 

3802 

3979 

4150 

4314 

4472 

4624 

4771 

4914 

5052 

5185 

5315 

5441 

5563 

5682 

5798 

5911 

6021 

6128 

6232 

6335 

6435 

6532 

6628 

6721 

6812 

6902 

6990 

7076 

7160 

7243 

7324 

7404 

7482 

7559 

7634 

7709 

7782 

7853 

7924 

7993 

8062 

8129 

8195 

8261 

8325 

8388 

8451 

8513 

8573 

8633 

8692 

8751 

8808 

8865 

8921 

8976 

9031 

9085 

9138 

9191 

9243 

9294 

9345 

9395 

9445 

9494 

9542 

9590 

9638 

9685 

9731 

9777 

9823 

9868 

9912 

9956 

0000 

0043^ 

0086 

0128 

017^ 

0212 

0253 

0294 

0334 

0374 

0414* 

0453~ 

*049*2” 

*0531" 

05*69 

0607 

*^5" 

0682 

0719 

0755 

0792 

0828 

0864 

0899 

0934 

0969 

1004 

1038 

1072 

1106 

1139 

1173 

1206 

1239 

1271 

1303 

1335 

1367 

1399 

1430 

1461 

1492 

1523 

1553 

1584 

1614 

1644 

1673 

1703 

1732 

1761 

1790 

1818 

1847 

1875 

1903 

1931 

1959 

1987 

2014 

2041 

2068 

2095 

2122 

2148 

2175 

2201 

2227 

2253 

2279 

2304 

2330 

2355 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

2553 

2577 

2601 

2625 

2648 

2672 

2695 

2718 

2742 

2765 

2788 

2810 

2833 

2856 

2878 

2900 

2923 

2945 

2967 

2989 

3010 

3032 

*^54* 

*30^5 

3096 

3118 


31*M 

3181 

3M 

*3*222 

‘324^ 

"3261" 

~3284" 

**3304 

*3324** 

3345 

'3'36y^ 

"3385" 

*3404 

3424 

3444 

3464 

3483 

3502 

3522 

3541 

3560 

3579 

3598 

3617 

3636 

3655 

3674 

3692 

3711 

3729 

3747 

3766 

3784 

3802 

3820 

3838 

3856 

3874 

3892 

3909 

3927 

3945 

3962 

3979 

3997 

4014 

4031 

4048 

4065 

4082 

4099 

4116 

4133 

4150 

4166 

4183 

4200 

4216 

4232 

4249 

4265 

4281 

4298 

4314 

4330 

4346 

4362 

4378 

4393 

4409 

4425 

4440 

4456 

4472 

4487 

4502 

4518 

4533 

4548 

4564 

4579 

4594 

4609 

4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 

4742 

4757 

4771 

4786 

4800* 

liSlT 

4829 

4843 

4857 

4871* 

4886 

4900 

4914 

4928' 

4942 

4955 

4%9 

4983 

4997 

"soTT 

lo^ 

*5038* 

5052 

5065 

5079 

5092 

5105 

5119 

5132 

5145 

5159 

5172 

5185 

5198 

5211 

5224 

5237 

5250 

5263 

5276 

5289 

5302 

5315 

5328 

5340 

5353 

5366 

5378 

5391 

5403 

5416 

5428 

5441 

5453 

5465 

5478 

5490 

5502 

5515 

5527 

5539 

5551 

5563 

5575 

5587 

5599 

5611 

5623 

5635 

5647 

5658 

5670 

5682 

5694 

5705 

5717 

5729 

5740 

5752 

5763 

5775 

5786 

5798 

5809 

5821 

5832 

5843 

5855 

5866 

5877 

5888 

5899 

5911 

5922 

5933 

5944 

5955 

5966 

5977 

5988 

5999 

6010 

6021 

6031 

6042 

6053 

6064 

6075 


6096 

6107 

6117 

*61^ 

"^*3^ 

' 61W* 

"61^ 

6170 

*618^ 

6191 

6201 

tm 

6222 

6232 

6243 

6253 

6263 

6274 

6284 

6294 

6304 

6314 

6325 

6335 

6345 

6355 

6365 

6375 

6385 

6395 

6405 

6415 

6425 

6435 

6444 

6454 

6464 

6474 

6484 

6493 

6503 

6513 

6522 

6532 

6542 

6551 

6561 

6571 

6580 

6590 

6599 

6609 

6618 

6628 

6637 

6646 

6656 

6665 

6675 

6684 

6693 

6702 

6712 

6721 

6730 

6739 

6749 

6758 

6767 

6776 

6785 

6794 

6803 

6812 

6821 

6830 

6839 

6848 

6857 

6866 

6875 

6884 

6893 

6902 

6911 

6920 

6928 

6937 

6946 

6955 

6964 

6972 

6981 

6990 

6998 

7007 

7016* 

*”702^^ 

7033 

7042 

7050 

7059 

7067 
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LOGARITHMS OF NUMBERS TO 1000. (Continued.) 

For use of logarithme, see pp. 70. 71 and 72. 

For five-place logarithms of numbers to 10.000. see pp. 80 to 01. 
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LOGARITHMS. 


Common or Briftrics liOgrarUhm». Biifte 10. 


No. |liO|;., 


000(10 ... 
01 1 04:{ ^ j 

oa laoi;^;. 

04 

05 -2!7 


0(i I- 

2 ! r 


1010 4^2 , 

11 
12 
la 

14 

15 
10 
17 


10 

1020 | 

21 

22 

2a 

24 

2.-) 

26 

27 

28 


10.10 1 

ai 

H2 

33 

34 

35 

36 

37 
88 
.89 


1040 

41 

42 

43 

44 

45 

46 

47 

48 


1—903] 

945 

-988L, 

loKiaoi-r. 

157|4; 

I 

l-242;<;; 

1-2841.., 

-32611; 

'-368'1'i 

4101^“ 

4521 

4941 

•536| 

■5781 

-620! 

1-6621 


7031 

|-787iJf 

, ^"^42 
9531!. 
-995jJj 
02036!’* 

|-fl78|« 


No. IliOg.lj^ 


1060 

61 ' 
62 

63 

64 
6.5 
(>6 

67 

68 
60 


160 

-202 

-243 

284 


325 J[ 

•IRR ’ ‘ 


-.572 

6.53:1 

-7;i5'1 

-”'4 

Hinr' 

8.57|' 

1—898 


1070 93H| 

71 1-979 

72 :o:wi9 

73 1—060 

74 I 100 

75 ;-141 

76 181 

77 -222 

78 !_262 
79 1 302'*'' 


0 - 7.41 

“41 


1080 

81 

82 

83 ! 

84 I 

85 

86 
87 


1000 ! 

91 ' 


342 ! 

-3831' 
231 
—463 
-.5031 
■543 
-.5831 
j— 62:1 
-663 1 
-703 

■743 

782 

822 

862 

902 

941 

981 

04021 


-100 


No. 


1100 

01 


-og. 2 No. Log. S No. Log. g 


104139, 

03 -2.58,*" 

04 -297;*® 

05 336ff 

06 — ,376 

07 -4151 


08 

09 

lllOj 

11 

12 

13 

14 

15 

16 

17 

18 
19 


— 4.54| 


1120 : 

21 

22 


493i<; 

532 

571 

610 

-6.50 

-689 

727 

766 

805 

844 

883 


25 

26 

27 

28 
29 

llSOj 

31 

.32 

3.3 

34 

35 
.36 

37 

38 
.39 

1140j 

41 

42 


-922] 
i— 961 
999| 
2.3 10.5038 
24 1—077 


115 

—154 

192 

1—231 

269 

■308 

346 

-385 

-423 

461 

-.5001 

-538 

576 

614 

6.52 


1-729 
767 

43 1—805 

44 —843 

45 '—881 


46 

47 

48 

49 I' 


918 

956 

994 

060.32 


1150 06070 
51 i— 108 
145 
■183 
221 
2.58| 
[-296 
333 1 
!— .371 
4081 


11601-446 

61 I 483 I 

62 1—521 

6 ;^ !_r,r) 8 i 


64 

65 

66 

67 

68 
69 

1170 

71 

72 

73 

74 

75 

76 

77 

78 

79 

llSOj 

81 

82 

8:1 


595,. 
—633 1 27 
-670 g 
707ig 
744 if 


781 111 


1—819 

-856 

—893 

9.30 

1—967 

I 07 OO 4 

-041 

!-078| 

11.5 

161 

188 

—225 

—262 

298 

335 

■372 


84 

85 

86 

87 ! 445 1 

88 '-482 

89 i 518 


1190— 655| 

91 I 691 

92 —628 

93 i 664 

94 700 

95 —737 

96 1 778 

97 809 

98 -846 ^ 

99 —882 iJJ 


1200 

01 

02 

03 

04 

05 

06 
07 


1210 ] 

11 

12 

13 

14 

15 

16 

17 

18 
19 

12201 

21 

22 

23 

24 

25 

26 

27 

28 
29 

1230] 

31 

32 
.33 

34 

35 

36 
,37 
88 
39 


1240 

41 

42 

43 

44 

45 

46 

47 

48 

49 


107918 86 
954 36 
990 37 
108027 -f. 
-063 
1-099 fa 
-135 


-nr: 


.36 


-207' 


36 


-279'« 

314!:^ 

850|;" 


-422 

1—458; 

493j; 

529'* 

1—665;^ 

6 OO::’ 


36 


-6.36;.. 

” 707 !^ 

i-814 ” 

849 J 

884*^ 
-920 o 
9.55 t 


;:i 6 
J|35 
9 ! 36 
,35 
36 
.35 

I 35 


—991 

109026 

061 

096 

—132 

-167 

-202 

-237 

272 

.307 


.342 

377 

412| 

447 

482| 

-.517 

>562 

1-687 

621 

6.56 


Example: 

To find Log. 11826: 
Log. 11830 = 07298 
Dif. = 10 36 

Log, 11820 = 07262 
11826 — 11820 = 6 
I)if. for 6 under 36 
= 22 
Log. 11826 = 

07262 + 22 = 07284 


■ 

44 

43 

42 

41 

40 

39 

33 

37 

36 

86 

34 


H 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

8 

1 

2 

9 

9 

8 

8 

8 

8 

8 

7 

7 

7 

7 

2 

3 

13 

13 

1.3 

«12 

12 

12 

11 

11 

11 

11 

10 

8 

4 

18 

17 

17 

16 

16 

16 

16 

15 

14 

14 

14 

4 

6 

22 

22 

21 

21 

20 

20 

19 

19 

18 

18 

17 

5 

6 

26 

26 

25 

25 

24 

2.3 

23 

22 

22 

21 

20 

6 

7 

31 

.30 

29 

29 

28 

27 

27 

26 

25 

25 

24 

7 

6 

85 

.34 

84 

88 

82 

31 

30 

80 

29 

28 

27 

8 

9 

40 

39 . 

38 

i 37 

86 

35 

34 

83 

82 

32 1 

81 

9 
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Common or Briinrfl Lof^arif hniA. Base ^ 10. 

1250;o%9i:.,r 130o']i:«4l.,, I3.'5o'i:M)3:{i..., 1400 14613 T. 1450 16137- 
51 -726, J,’ 01 1-426,:^ 51 ; -066 I?:) 01 1-644 ! 51 -167 


52 I 760 :.7 
53, 795:; 

srS!;|i 

56 — H99i:7 

57 — 934i:^ 

58 i 96S|'^ 

59 ; 100031- 

' 134 

12601 037 L, 

61 i-072 ;^ 

62 —1061'^ 

63 1 i4o;:,t 

64 -175|:'| 

65 1 209';:] 

66 j 243, 

67 -278:;^ 

68 ,—312 ::] 
69 ; 846;::1 

1270 3Ho!.,r 

71 -415 

72 -449i:^'‘ 

73 ;-483|5 

74 -517 hjj 

75 551 :] 

76 r,hy\] 

77 I 619'::] 


12801-721 l.jj 

81 ,-755;:] 

82 -789 

83 '-8231^ 

84 -857!:;., 

a 5 j sgo;"] 

86 924:!] 

87 l-958i::] 

88 ,-992i'?, 
89 1 1102.5 


1300,113941.,. 
01 1—428,:;., 
02 1 461 1;;:! 
03 1 494 

04 -528':] 

05 1 .561,:: 

06 ‘ .5941;!'; 

07 1-6281:;.! 
08 '-6611::! 
09 694,:;:; 

i3io: 727I... 
11 1 760 ':::; 
12 793:!:; 

1 -j uoft 


94 193:] 

95 !-227i'‘] 
96 1 - 2611 :;] 

97 i-294!:; 

98 I .327':,; 
9 ‘j —361 


1320 1 0.57;.,., 

21 i 090 

22 I 123 ]; 

23 1-1,56 ]: 

24 - 189 ':!:; 

25 - 222 !:;:; 

26 2541 : “ 

27 I 2 H 7 : : 

28 —320 

29 I 352 :;j; 

1330 385.,., 

31 '—418,:!:; 

32 j 450,:;- 

33 483 ]; 

34 1-516 ]: 
.35 I 548 : n 

36 — 581 :!:! 

37 61.3 

38 -646,:;:; 

89 678'].2 

1.340 710' ,, 

41 -743:;] 

42 I 775 :;.] 
4.3 - 808 :::; 


51 i -066 

52 ,-098 

53 — 13(i:- 
.54 —162 ; “ 
55 --194 ■ 
.56 1-226 ; “ 
57 —2.58 :!“ 
.58 ;-290|]- 
.59 

I.3«0'-3.54'.,., 

61 —386,;!- 

62 -418;]- 

63 -4.50 ']r 

64 481 

6.5 513'::, 

66 . 5451 :: 

67 -577i:!.-, 

68 — 609 :;r 

69 640 jjV, 

13'70 672 

71 — 704 :f 

72 7:55 :!.' 

73 767!*;: 

74 1-7991]- 
75, 8:30 

76 :- 862 ;:;r 

77 I 893 i:!.' 

78 -92.5i::: 

79 I 9.56i:;, 


46 —90.5 

47 i- 9 . 37 :;: 


96 —489;], 

97 — .52ol:; 

98 -.5.51!::; 

99 -.582 ]; 


1450 16137 - 
51 -i67;]x 
.52 —197 :;! 
.53 1-227,2 

54 1 2.56,2 

55 I 2861]® 


62 -495 ]] 

64 I 55 t];! 

65 i-584;:!: 

66 613'2 


14701 - 7 : 12 ’.^ 

71 ' 701 i 

72 —791 ]| 
7:1 i 820 


77 938 

78 967!:® 


81 , 14019, ]A 

82 — 0.51 ]r 
ail 082!]' 
84 -114,: : 
a5 1-145 ] 

86 I 176 !*;, 

87 — 208|.;f 

88 - 2 . 391 :; 
89 1 270 , 

l, 3 »o! . 301 ., 

91 -: 3 :{ 3 :: 


14.^0 -5:14'.,,, 
31 -.564 : 
:32 594 

.34 ,—655 jo,, 

35 I 6a5': 

36 i 71.5 ], 
?" '-’^^ 30 


I4«0 17026'oft 

81 -056 2 

82 -oa 5 g 

83 114 £ 

84 14:3 2 

85 -173 2 

86 1-202 2 

87 I 231 2 

88 200 2 


1440 836 30 

41 ! 866 31 

42 -897:30 

43 '-927, ;30 

44 —9.57130 

45 — 987,30 

46 16017i:r. 

47 -047 : 

48 -077|] 

49 — 107 ] 


Example: | 

To find Log. 12605 . | j 
Ix)g 12610=10072 .£ 

Dif. = 10 35 Z 

Log. 12600 = 10037 4 

12605 - 12600 = 5 5 

Dif. for 5 under 35 a 
= 18 * 
Log. 12605 = L 

10037 + 18 = 10055 9 

~ ^ 


32 

31 

30 

:3 

8 

8 

6 

6 

6 

10 

9 

9 

13 

12 

12 

16 

16 

16 

19 

19 

18 

22 

1 22 ; 

I 21 

26 

26 

; 24 

29 

1 28 ! 

1 27 


3'30 l490-319Lg 
131 01 —^48.2 

r 92 -377 g 

?,;^0 93 -406 g 

r;,30 94 435 g 

^30 95 464 2 

n:;: 96 493 g 

r : 97 522 2 

'I* 98 .W1 ® 

'5 99 880 g 


A dash before 
! or alter a log. de- 
I notes that ita true 
I value ia last than 
I tlie tabular value 
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No. 

Log.j 

1500 

17609 . 

01 

6:{«|: 

02 

-667 ; 

03 

— 696 : 

04 

-725': 

05 

-7.54 ■: 

06 

782': 

07 

8iii: 

08 

840 ; 

09 i 

1—869': 

1510 

-898'. 

11 

9261: 

12 

9 . 55 ;; 

13 

-984 : 

14 

18013 : 

15 

041 ‘ 

16 

-070 ' 

17 

—099' 

18 

127 ' 

la 

— 1.56j; 

1520 

I84I, 

21 

-213: 

22 

241 : 

23 

-270 : 

24 

298 : 

25 

—327 ; 

26 

355 : 

27 

-381,; 

28 

412'; 

29 

— 44ij; 

1630 

469', 

31 

,-498 ; 

32 

-.526;: 

33 

5.541; 

34 

—583!: 

35 

— 611I; 

36 

6.39 ; 

37 

667 : 

38 

-696,: 

39 

-724: 

1540 

7.521 

41 

780 ; 

42 

808 ; 

43 

-837 ; 

44 

—865 ; 

45 

-893 ; 

46 

-921 ; 

47 

949; 

48 

977 ; 

49 

19005 ; 


Common or BrliCK^ Loiparithms. Base = 10. 


1.150 imi. 

f)l Of.ll‘ 


57 ;-229 f 

58 -257,r,„ 

59 —285“^ 

I 

1.100 ml 

c.i mil 

82 8681-” 


1600 20412 “ 

01 439 

02 I 406 

03 1 493 “i 

04 I 520 I' 

05 -548.:;2 
00 i-575':;i 

07 ;— 602.|;i 

08 —029 ili, 


1570 - 590 .,. 

71 -618.-!: 

72 645|.-' 

73 -073,.-!; 

74 700:.-' 

75 7281-C 
70 -750 ;!: 

77 783-' 

78 -811'-" 

70 I 


15ft0 -8601., 7 

81 893 r,x 

82 -921 *27 

83 948 ..o 

84 -97627 

85 20003^' 
80 030 £ 

87 -058 28 

88 085 2/ 

89 112 2' 

1500 — J40.„ 

91 I67i;' 

92 194 .7^ 

93 —222;;!! 

94 -249 

95 276 ;± 

96 303 ^ 

97 330';' 

98 —358;, 

99 —385.^ 


1650121748 
51 i— 775 r' 


53 ; 827 i;" 

54 1-854!.;; 

M Use, " 

50 1 900|;: 
.57 ! 932!.;” 
58 i 958 


02 -096 

03 j 121 L" 

04 !-147|.'^i! 
05 ! 172,.;;! 


1010',— 683- 
11 i-7ior,- 
12 737 ;.;; 

13 703.^1: 

14 1 790 

15 ' 817 r,L 

10, 841 

17 I 871 

18 898'.;i 

1620—952,.,,. 

21 I 978;!: 

22 2HM)5,.;: 


22 2HM)5,.;: 

23 032|;i 

24 j-059,;; 

2,5 085IJ 

20 112{;1 

27 -139[;; 

28 I 165,;- 

29 I 1921.^7 

16,^0'-219!.,- 

311 24.5, ;!: 

32 1 272',;' 

33 ;-299 .;' 

34 1 3251,;, 
:i5 .-:«2,;' 

30 378,.;" 

37 '-405,;;. 

38 I 431].;- 


I66O'2201l!- 
01 ,—037};! 
62 ; 003 1 ;" 
63, 089,;” 
64! 115 
65 ' 141 : 
60 107 H- 

67 ,-194 ^ ‘ 

68 1—220 
69j-24f.* 

1670 —272 ... 

71 -298 ; ! 

72 ,—324 

73 1-350 ; : 

74 j-370 

75 401 

70 427:;: 

77 4.53 ; ! 


1710 -BOOU^ 

11 325 S 

12 350 ^ 

13 — .376 2= 

14 401 

15 426 

16 -4.52 g 

17 477 25 

18 502 7,i 

19 -628i9c 


16HO-531i„- 

81 -.5,57 

82 1-583 il 

83 1 608.;;! 

84 634 ;" 

85 -660 

86 - 686 '.;! 

87 -7121^" 


22 603';^ 

23 -629;g 

24 -6,54 g 

25 -679 g 

2( '29|og 

28 7.54 

29 779;g 

17»0 -80.5;25 
81 -830125 

32 -8.55125 

33 -SSoUs 

34 - 905 I 05 

35 — 930 1 25 

36 -9.55,25 

37 -980,25 

38 24(H)5,-; 

39 -030 “5 


1640' 484 L- 

41 -511 ig 

42 537;;" 

43 -564ig 

44 590lg 
45j-617i;' 
46 -643|;; 


91 814 ;;; 

92 840 ; ! 

93 -866.;" 

94 891 

95 -917 


Example : 

To find Log. 1.5414 : 
Log. 15420 = 18808 
Rif. = 10 28 

Log. 15410 18780 

1.54J4 — 15410 = ♦ 
Dif. for 4 under 28 
= 11 


Log. 1.5414 
18780 + 


18780 + 11 = 18791 


I 28 1271261 25 I 24 i 


11 11 10 10 10 4 

14 14 13 13 12 5 

17 16 16 15 14 6 

20 19 18 18 17 7 

22 22 21 20 19 8 

26 24 23 23 22 9 


A dash before 
or after a log. de- 
I notes tliat its true 
value is less than 
the tabular value 
by less than half a 
unit in the last 
place. Thus: 

Log. 1562=1936810 
“ 1663=1939590 






L0(iARITHM8. 


€ominon or liOKrarlthmH. Base ^ 10. 




1750 2i:W4 - 
52 

51 !— 40.S 
56 


58 

1760] 

62 

64 

66 

68 

1770 

72 

74 

76 

78 

1780! 

82 

84 

86 


-5(12 

551 

!— 601, 
()50 


462'^-; 


,411 


'4'^ .n 
797 I 49 

«46;,“ 


25042 i 


—091 
i:itii‘ 

48 

94 882 


96 !— 4:11 
98 ,—479 


1800 

02 

04 


52' 


!— 624 
-672 ^^ 
—720 


1810-768 
12 ;— 816 


14 -864115 
18 I 859^« 
1820,26007L 
22 :— 055;1l 
24] 102|1i 
I i5or" 
148 
1 47 
48 
47 


26 ! 150 r 
28 —1981 
1830| 245 
32 1—293 
34 1—340 


38 — 4:i3jJ5 
1840 — 482 L, 
42 -529 1; 

®|47 


44 576!; 

46 623|1 

48 ' O 70 II 


1850;26717 47 ' 
52 I 76147 
54 '-811 '47 
56 1— 85,S 47 
58 — 905|4(j 
iseoj 951 147 
62 — 99H'47 
64 270451 - 
66 0 ‘. 


63 -138 , 
1870 I 84 I 
72 1-231 I’ 
74 -277'1" 

.i4() 


323' 

370lj' 


76 
78 

1880!-416i „ 
82 -462,1; 
84 508 1 ; 

86 i 554t1; 

i 600^1; 


646!.„ 
692 llj 


88 I 600!;” 

1890 

92 

94 1—738 

!— 

-830 lit’ 
45 
875 


OBdIO ■*'* 


19101 

12 


14 

16 

18 

1920 

22 

24 

26 

28 

1930i 

32 

34 

36 

38 


1940 780' - 

42 -825.1-^ 
44 -870,J;^ 

t 2114? 


194 .. 
i“240 f 
1-285 J;.: 


-466 It 

-.5561.- 

1-601 


1—691 
i 7;« 


1950 29003 
52 i— 018 j’ 
54 092 . 

56 —1.17 
58 I 181 ” 
1900 -226I 
62 -270 4] 
64 ' 314';; 
66 ' 3.58 ” 
68 !— 403 *'[ 
|44 

1970-4471^^ 


■491 ; 


72 
74 

76 '—579 
78 —623 


44 
ito ‘1 44 

1 980 1-667 L. 
82 i 710, 

84 754'44 

I 7QW 


.s«« 


86 '—798 
88 

1990' 8a5!.. 
92 ,-929 Yi 
94 :-973 1. 
96 3(M)16 
98 j— 060 ^15 

2000,-1031 

02 I 146 1, 
04 !— 190'j.* 
06, 233!4: 
08 I 276IJ:; 
2010— .3201... 
12 1-363 


14 

16 j 449' 
18; 4921^0 


202 O 1 635' 

22 

24 621 11:; 

26 -664 
28 :-707 4;} 
2030 -7.50 4., 
32 79> " 

;i4 I 835 


36 ;— 878 
.38 920 


X 43 


20401 963'43 


:b'42 


2050 3117.5 43 
.52 —218 42 
.54 ■ 260, 4‘2 
56 ' 302 4.3 
58 — 345j42 

2000 -.387142 
62 '—429,42 
♦V4 —471142 
66 i 51 3,4*2 
681 5.5,5!4*2 

2070 ! .597142 
72 — 639;4*2 
74 —681 '4-2 
76 ,—723 42 
78 i-76.5|4l 

2080 1 806142 
848:42 
141 
42 
42 


86 931 

88 I 973| 
2O9O;32015i 
92 I 0.56 
94 1—098 
96 1 139 
98 i— 181 


41 

42 

41 

42 

•222141 
268 42 
1-306 41 
-346 41 
387 41 
428 
469 
510 


41 

41 

42 
—5.52141 
-593141 


2100 ] 

02 
04 
06 
08 

2 II 0 | 

12 
14 
16 
18 

2 I 20 I- 6 . 34 I 41 
22 j-675,40 
24 I 7161 
26 I 7.561 
28 ; 797! 
2130 -838| 

.32 '-879 1 
.34 “9191 

36 I 960 1 
38 '33001 


2140! 041 1 
42 -082 
44 122 

46 1-163! 
48 : 


No. 

Log. 

2150 

33244 

52 

284 



56 

—365 

5.S 

405 

2100 

445 

62 

—486 

64 

-626 

66 

—566 

68 

—606 

2170 

—646 

72 

—686 

74 

-726 

76 

—766 

78 

—806 

2180 

-846 

82 

885 

84 

925 

86 

965 

88 

34005 

2100 

044 

92 

084 

94 

—124 

96 

163 

98 

—203 

2200 

242 

02 

-282 

04 

321 

06 

-361 

08 

—400 

2210 

4.39 

12 

—479 

14 

— 618 

16 

-667 

18 

696 

2220 

6:45 

22 

674 

21 

713 

26 

—753 

28 

—792 

2230 

8:40 

32 

869 

34 

908 

86 

947 

38 

986 

2240 

.35025 

42 

-064 

44 

102 

46 

—141 

48 

—180! 


To find Log. 18117 
Log. 18120= 2.5816 
Dif. 20 48 

Log. 18100 = 25768 
18117 — 18100= 17| 
Under 48 
Dif. for 10 - 24 
“ “ 7 = 17 



50 

49 

48 

|47 

46 

45 

44 

43 

42 

41 

|40 

39 

38 


1 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

6 

5 

5 

1 5 

6 

5 

4 

4 

4 

4 

4 

4 

4 

2 

3 

8 

7 

7 

1 7 

7 

7 

' 7 

6 

6 

6 

6 

6 

6 

3 

4 

10 

10 

10 

i 9 

9 

9 

9 

9 

8 

8 

8 

8 

8 

4 

5 

13 

12 

12 

1 12 

12 

11 j 

11 

11 

11 

10 

10 

10 

10 

5 

6 

10 

15 

14 

! 14 

14 

14 

1.3 

13 

13 

12 

12 

12 

11 

6 

7 

18 

17 

17 

16 

16 

16 

15 

16 

15 

14 

14 

14 

18 

7 

8 

20 

i20 

19 

19 

18 

18 

18 

17 

17 

16 

16 

16 

1.5 

8 

9 

23 

22 i 

22 

21 

21 

20| 

20 

19 

19 

18 

18 

18 

17 

9 
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LOGARITHMS. 


Common or Brlfinrs Logarithms. Base = 10. 


Ho. |Lojf. 2 

2250135218 39 
5*2 “'*257 on 

54 1 295;;^ 

fit: 


No. |Log.|j=; No. |Log.|g 


2200-411 ... 
(52 1 449:; 
64 1—488 
66 -526 ; " 
68 j 564:55 
22701-603’* 
72 -641 
74 679 ;;5 

7(5 717 

78 765 

2280 798 ' „ 

82 —882 fa 
84 — 87o:;" 
86 -908:'" 
88 -946 3 J 

2200 -984 
92 36021 
94 059 'll 

96 097 00 

98 i;i5 gj 

2300 -173 
02 -211 
04 248 

06 -280 
08 -324 

2310 801 „„ 

12 —399:7 
14 43(5 

16 -474 :’5 

18 511 "J 

2320 -649 '7 
22 586 

24 -624 
26 -661 


2350 371071- 
52 -1441^5 
64 —181 
56 —218:' 
68 264'"J 

2360 291 1 ' 7 

62 -328;:” 
64 -365,"' 

, 66 401':;” 

68 438’, 


2450 38917, r. 

62 952'?^ 

j 64 987 :5 

66 39023 - 
I 68 058 ';55 

3460 -O 94 I;]? 

62 ,—129!;;^ 

(54 1 1641 :;? 


(58 438’, 

2370 -475 ’ 
72 611 5 

74 548 5' 

70 -.58.5:;' 
78 621 

2380 —668 ’ . 
82 694 55 

84 —731 
86 767 ± 

88 803 

2390 —840 'sp: 

QO a‘7tt ”” 


2550 40654 . . 
52 688 ^ 

54 722 

50 750 : 1 


04 — 892 : 1 
(56 1-9261:;; 
68 1-9(501:;:; 


2650 42325 “ 
62 :5.57 

64 890 00 

6(5 —423:;:; 
58 455 gg 

2660 488 11 

02 —521 
04 553 


2400 38021 q 
02 057 " 

04 093^ 

06 —130’; 
08 —166" 

2410 -202 1 
12 -238: 
14 —274 ; 


2420 -382 
22 417 

24 453 

26 489 


28 —525^ 
30 —561 L 

00 toe ^ 


2430 -561 
82 696 ; 

84 632 

86 -668 S 

88 703, 


74 — 340’;’; 
76 376 

78 410 

2480 445 ' 

82 480 

84 515 

86 650 f 

88 585 

2490 -620 ’ 
92 —656:" 
94 — ego?; 
96 724 

98 759 § 

2500 794 .. 

02 —829 ^: 
04 863 '/J 

06 898 OK 

08 -933 ^ 

2510 967 L 
12 40002- 
14 —037 36 
16 071 34 

18 —106 36 

2520 140 

22 -175 
24 —209"] 
26 243 •" 

28 —278 g 
2530 312 Z 

32 846 

84 —381 
36 -415^ 
38 449 f. 


2580 —162 04 
82 -190 
84 229 

86 —2(53:;: 
88 296 g^ 

2590 - 3:10 ..o 

92 363 "? 

94 —397 
96 430 

98 —464 


‘iOV 01 

98 —464 .,^1,^ 
2600 497 11 

02 -531 00 
04 564 

06 697 f 

08 —631 33 
2610 664 OR 
12 697 Z 

14 -731 „ 
16 -764 "0 
18 -797 J; 

2620 830 L 

"2 863 f 


3340 -922 37 
42 -959 87 
44 —996 37 


^001 04 

36 -415^ 
38 449 

2540 483 or. 
42 -518’" 
44 —552^ 
46 —.586^ 
48 —620’S 


2630 —996 00 
32 42029^ 
34 -062 SS 
36 -09533 
M 127 32 

2640 160 00 

42 193 Z 

44 226 

46 -259 S 


92 43008 
94 -040 32 
96 —072132 
98 104j32 

2700 136 „ 

02 -169 S 
04 -201 Z 
06 -2330; 
08 -266 I 

2710 -297 ^ 
12 -329 
14 -361 ii 
16 -393 S 
18 -425 ’J" 

2720 -457 „ 
22 -489 
24 -521 
26 -553 S 
28 584 "* 

2780 616' 
32 648 

34 -680'"; 
36 -712 S 
88 743 S 


46 87or;; 

48 -902r^J 



LOGARITHMS. 


H5 


CAmmon or Briirffti liOgrarlfhinfi. Biute — 10. 


{875o!4:{9;«i3o 

54 ! 1>%I32 
r.6 1440281- 
58 I 059 
27«o'-091 qi 
02! liJ2qo 
ra I— 154 q]” 


06 . 185 


68 —217: 


■41 
31 
1 32 
41 

‘iTi 41 
31 

137S0! 404 i. 
82 


58770 -248' 
72 'l 279 
74 -311 
76 1-342 
78 I 373 


32 


f)€o:„ 


92 -592 
94 -623 
96 1—6.54:, 
98 1-686 :! 

|.ll 

588001-716... 
02 !-74' 

04 i— 778' 

06 -809i 
08 1—840 


"■'i 31 
31 


58810-871 
12 -902, 
14 I 932 
16 I 963 
18 994 1 

588580 45025 1 
22 1-0.56 
24 


26 

28 

58830 1 

32 

34 


117 
•148 1 
i-179l 


-240 
36 ,-271 
38 1 301 
58840'-, 3:421" 
42 1 362 1 
44 1—3931^ 


48 1— 454i; 


606 “ 


30 

31 

;II';4o 


62 

64 I 697 :;■, 
66 —728 

2870 788lq, 
72 818!, 

74 —8491“ 
76 1-879'“! 
909: 


78 


2880 9.39 i;(o 

82 1 969j3i 
84 146(RMI|- 
86 I— 030 1 
88 {—060 
2800—090 
92 -120 


94 

96 

98 

2000 

02 

04 

06 

08, 

20101 

12 

14 

16 

1.8 

2020 | 

22 

24 

26 

28 

20301 

32 

.34 

36 

:48 

2040 1 

42 

44 

46 

48 


1.50^ 

180 

- 210 “ 

-240 3 
-270 “ 
-.300 : 
— 330': 


-449.:’ 
I— 4791:^ 
5091^1 

.598;:; 

627i 

— 687 1 oi 
7161? 
746;::, 
-776'; 
805 2 

-83.5 , 
864,:: 
-894 ; 
923 


No. 

Log.j 

5 

No. 

Log. 

s 

No. 








5iono 

469821:^0 

305<» 

48430, 


3150 

52 

47012:;:, 

041!“: 

52 

4581 

29 

62 

.54 

54 

-4871 

54 

56 

070 

«) 

29 

30 

.5() 

61 5 1 

66 

58 

51060 

62 

—100 

129! 

—1.59: 

68 

3060 

62 

^’^^28 
572 .,y 
-601 
-629,'*;; 
6.57 i.:J 

68 

3160 

62 

64 I 


64 

64 

66. 1 

6<> 1 

66 

68 ' 

246. 

It) 

68 

—686'^ 

68 

51070 

72 

—276* 

—.105 

29 

3t»70 

72 

—7141 

742 

28 

3170 

72 

74 

334 

20 

29 

30 

74 

770 


74 

76 

363 

76 

—79!) 

28 

28 

76 

78 

.392 

78 

-827 

78 

51080 

-422 

29 

29 

30S0 

8.56 '.,0 

3160 

82 

—451 

82 

88:1 

28 

29 

28 

‘^8 

82 

84 

—480 

84 

911 

84 

86 

—.509 

29 

86 

-940 

86 

88 

538 

88 

—968 

88 

2900 

92 

567 

696 

29 

29 

3000 

92 

-9% 

49024 

•£8 

3100 

92 

94 

626 

94 

052 

28 

94 

96 

a54 

29 

96 

080 

28 

96 

98 

6H:t 

98 

108 28 

98 

3000 

02 

04 

06 

712 

741 

—770 

—799 

29 

29 

29 

29 

3100 

02 

04 

06 

136 

164 

192 

220 

28 

28 

28 

28 

35100 

02 

04 

06 

08 

—828 

29 

08 

248 

28 

08 

3010 

12 

14 

—867 

886 

914 

28 

29 

3110 

12 

14 

276 

—304 

-m 

28 

28 

28 

28 

27 

3310 

12 

14 

16 

94.3 

“y 

16 

—360 

16 

18 

-972 

29 

18 

—388 

18 

3020 

48001 

— 

31510 

415 

28 

28 

3330 

22 

029 

28 

22 

443 

22 

24 

068 

29 

24 

471 

24 

26 

—087 

20 

26 

— 499ioo 

26 

28 

—116 

29 

28 

29 

|29 

;28 

29 

28 

28 

—.527 


28 

3030 

32 

1 144 

i-173 

3130 

82 


3330 

32 ! 

34 

—202 

.34 

”610i„C 

84 

36 

38 

230 

,—2.59 

86 

88 

—Otis 

665 

27 

28 

36 

88 

3040' 287 

42 -316 

29 

28 

3140 

42 

—693 

-721 

28 

3340 

42 

44 

:i44 

44 

74« 

28 

27 

i28 

44 

46 

— 3t;i 

29 

28 

29 

40 

-776 

46 

48 

i 401 

48 

803 

48 


1—1611 
188 
216 
-243 
270 
297 
1—326 
I— 362 
879 
406 ; 


I Jo? 28 
— 461 27 
1-488, 

27 
27 
27 

27 

28 

27 
27 
27 
27 
27 
27 
27 
26 
27 
27 
27 
27 

•n 

27 
27 
26 
27 
27 
27 
26 


615 

642 

669 

596 

623 

1-661 

-678 

1-706 

-732 

-769 

-786 
i— 813 


947 
974| 
) !51001 
. -0281 


To fiud Ijog. 29019: 
lx)R. 29020 =■-- 46270 
Dif, 20 30 

Log. 29000 =^ 46240 
29019 — 29000-= 10 i 
Under 30 
Ulf. for 10 = 16 
“ “ 9 = 14 

'• “ 10 = '29 
Log 29019 = 

46240 4- 29 = 46269. 1 • 



32 

31 

30 

20 

26 

27 

26 


1 

2 

2 

2 

1 

1 

1 

1 

1 

2 

3 

3 

3 

3 

8 

3 

3 

2 

3 

6 

6 

5 

4 

4 

4 

4 

8 

4 

6 

6 

6 

6 

6. 

6 

6 

4 

5 

8 

8 

8 

7 

7 

7 

7 

5 

6 

10 

9 

9 

9 

1 8 ' 

8 

8 

6 

■7 

11 

11 

11 

10 

; 10 

9 

9 

71 


13 

12 

12 

12 

' 11 

11 

10 

Si 

! 9 

14 

i 14 

14 

1:1 

13 

12 

12 

91 

,10 

16 

1 IG, 

15 

1 

14 

i 14 

13 

101 


A dash before 
or after a log. de- 
notes that its true 
value is less than 
the tabular value 
by less than half a' 
unit in the last 
place. Thus: 

Log. 3128=49.52667 
3130=49564« 
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LOGARITHMS. 


Common or Brifpfpi Logarithms. Base == 10. 

No. Log.i§ No. I Log. I § No. jLog.jg 



To find l.«og. 36114: 
Log. 36120 = 55775 
Log. ^00 = .W5 1 
Dif. 20 »4 

36114 - 86100 = 14 
Under 24 
Dif. for 10 = 12 
'• 4 =5 

“ “ 14 = 17 
Log. 36114 = 

65751 + 17 =*36768. 



27 

26 

25 

24 

23 


1 

1 

1 

1 

1 

I 

1 

2 

3 

3 

3 

2 

2 

2 

3 

4 

4 

4 

4 

3 

3 

4 

5 

5 

5 

5 

5 

4 

n 

7 

7 

6 

6 

6 

5 

6 

8 

8 

8 

7 

7 

6 

7 

10 

9 

9 

8 

8 

7 

8 

11 

10 

10 

10 

9 


9 

12 

12 

11 

11 . 

10 

»i 

10 

14 

1 13 

18 

12 i 

12 J 

lioi 


A dash before 
or after a log. de- 
notes that its true 
value is Im than 
the tabular value 
by less than half a 
unit in the last 
place Thus ; 

Log. 3490 = .')428264 
“ 3492 = 5430742 





4950 -461 

65 504 

60 548 

65 -592 
70 -636 
75 679 

80 —723 
86 -767 
90 810 i . 



58 

57 

56 

55 

54 

53 

58| 

51 

50 

49 

1 

1.2 

1.1 

1.1 

1.1 

1.1 

1.1 

1 . 0 ! 

1.0 

1.0 

1.0 

8 

2.3 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1! 

2.0 

2.0 

2.0 

8 

3.5 

3.4 

3.4 

3.3 

3.2 

3.2 

3.1 1 

3.1 

3.0 

2.9 

4 

4.6 

4.6 

4.5 

4.4 

4.3 

4.2 

4.2 

4.1 

4.0 

^.9 

5 

5.8 

6.7 

5.6 

5.5 1 

5.4 

5.3 

6 2, 

5.1 

6.0 

4.9 

6 

70 

6.8 

6.7 

6.6 

6.5 

6.4 

6.2i 

6.1 

6.0 

6.9 

7 

8.1 

8.0 

7.8 

7.7 

1 7.6 

7.4 

7.3, 

7.1 

7.0 

6.9 

8 

9.8 

9.1 

9.0 

8.8 j 

8.6 

8.5 

8.3, 

8.2 

8.0 

7.8 

9 

10.4 

10.8 

10.1 

9.9 

9.7 

9.5 

9.4 

92 

9.0 

8.8 

10 

11.6 

11.4 

11.2 

11.0 ' 

>10.8 

10.6 ll 0.4> I 0.2 l ]0.0> 

9.8 


47 46 45 

I 0.9 0.9 0.9 
I 1.9 1.8 1.8 
I 2.8 2.8 2.7 
I 3.8 3.7 8.6 
t 4.7 4.6 4.5 
> 5.6 5.5 5.4 
' 6.6 6.4 6.3 
' 7.5 7.4 7.2 i 
i 8.5 8.3 8 Jl 
; 9.4 9.2 9.0 i 


44 48 

0.9| 0.9 1 
1.8 1.7* 8 
2 . 6 : 2.6 8 
so ;; 3.4 4 
4.4! 4.8 5 
5.3; 6.2 6 
6 . 2 ' 6.0 7 
7.0 6.9 8 
7 . 9 ; 7.7 9 
8.8' 8.6 16 
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common or Brigrcrs Logarithm*. Base =» 10. 



LOGABITHMS. 


Common or Briicipi liORrarlthmA. Base => 10. 

Ifo. |W*is| No. |Loi?j|| No. Uog. No. jljojf.;2| No. { Loff.j 


SaSO 79588 o.. 
55 —623 
00 657 or 

65 692 o- 

70 —727 o. 
75 761 o;, 

80 -796 o'-, 
85 -831 
90 863 : r. 

95 —900 

tiSOO 934 ;^g 


15 037, 

20 -072 *^* 
23 1(H) 

30 140 1 

35 —175,:^' 
40 -209! 

45 243 

6850 277 

55 -312 
60 -346 
65 -380 
70 -414' : f 
75 448 

80 4821 


6500 81291 .w 
05 -325 oZ 
10 358 

15 391 

20 -4251 oo 
25 458 

30 49l!;'] 

35 — 525j; > 
40 —558 V2 
45 —591 Ijlj 

6550 624 .1., 

65 657 oo 

60 690 : o 

65 723, 

70 -757, IS 
75 -790 
80 -823’ o'.: 
85 -856;:::: 
90 -889' o:, 
95 921 1,.:; 

6600 9511 oo 

05 987 1 

10 820201:... 
15 -053 : ;: 
20 —086 
25 -119,:::, 
30 151 ! 

35 1841 :,: 


0750 8293oI .... 
65 1—963! 

60 —995 
65 830271 
70 1—059' 

75 1-0911 f 
80 -123, 

85 -155: 

90 — 187 
95 -219 32 

6800-2.51*" 
05 —2831 
10 -315! g 
15 -317, •« 
20 378' ; 1 

25 4I0j ; 2 

30 4421 ;|2 

35 -4741:^2 

40 —506' 32 

45 637: 

6850 569 ' " 

65 — 601 ::f 
60 632 1 

65 664 

70 —696 
75 727 1 

80 —759 
85 790 


64001-6181 ^ 6650 282, ool 6900!— 885 

05 — 652| :" 55 —315 

in «an cn a.i? 


64501-9561 J 6700 607 
65 -990i 05 -640 


7000,846lo' .M 
05 — 541 1 qi 
10 -572 q 
15 '-603 :: 
20 '-6:i4 q 
25 '—665 : 
30 -696 
35 726 ::y 

40 757 :: 

45 788 

7050 -819 q, 
65 —850 ..f. 

60 880 ::y 

65 911 :: 

70 -942 qi 
75 -973 
80 85003 qV 
85 -034 q 
90 -065 qn 
95 095 gj 

7100 -126 o. 

05 156 

10 —187 
15 217 

20 -248 
25 278 

!H) —309 
35 339 


7250 86034, 

65 —064' 
60 —094 

66 —124 

70 153 

75 183 

80 213 

85 —243 
90 —273 
95 —303 


7150|-43i; .,a| 74001 923| qn 
55 1-461 Snl 05 -95.3|25 


7»00 733 30 

05 763! 

10 —794130 
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LOGARITHMS. 


Common or BriffipH I^oicarithms. Baso 10. 


7500 87500' gg 7750 889:M)| gg SOOO'OOSOOI 8»50 916451 27 8500 92942 ^ 


05 5:^! n 

10 -564 i : 
15 — 598i,; 

20 -6221 f, 

26 -651' 
30 679] f, 

35 708, 0 


55 958i 

60 986] 00 

65 1890141 
70 0421 


55 1—672 ;; 
60 ; 698] 

65 , 724i 
70 -751! S 




35 1—4991 07 
40 1-526, 07 
45 1-5.53 2, 


7550 -7951 7800 209 J 8050 -5801 9J 8300 -908! 8550-197] 35 

SS I «■>« IW 0 ‘« " KR __fiA7 n.R _t>S4 t"\ KR 1 2221 


55 823 

60 852 

65 -881 " 
70 -910 " 
75 938 

80 -967 
85 -996 ““ 
90 88024 
95 -053 Z 




55 —6071 .,7 
60 —6341 
65 660! 

70 6871 .,7 

75 714 

80 741! „ 

85 768. .,7 

90 -795 
95 -822 27 


15 986 Z 

20 92012 rJ 
25 038 „ 

30 -06.5 
35 —091 ff. 

~]ll 2fi 


7600 081 .J 7850 -487 8100|-849 .J 8350 -169 

06 66 -616'“- 06 875.*:- 66 — 196 ^- 


05 —no ; 

10 138 

16 -167 


30 252 ,,o 

85 -281 f 
40 309 ^ 

45 -338 g 


60 542l •>u 

65 1— 57o! r .7 


80 1—6.53. 07 
85 680' 

90 i-708 „ 
95 i 7:i5 |g 


05 1 875 07 
10 ; 902 07 
16 —929' r,7 
20 -956, 

25 I 982 07 


40' 062; 07 
45 1 089i 57 


10 600 OR 

15 1-526 25 


90 376,;, 

95 402 r,r 


7650 366 01, 7900 -763' .>7 8150 -116 ofi 8400 -428 8650;— 702] 05 

65 -395 g 05} 790128 -55 | 142] 37 05 1-454126 .55 1-727 1 25 


un i\f\v 00 
10 -818-07 
15 845 fm 


10 1-480 Z 


30] 927] 28 
35 1-9.55, r,7 


— OMI OR 

35 :-609i OR 
40 1 634] Z 


77OOI 649 no 7950 -037 9-7 8450,-686 8700 -952' 25 


05 677 

10 705 ^ 

16 794 1 

5o _762r|« 
25 -790' f,Z 
80 -818] 

86 846' X” 


55 0641 27 

60 091 

65 — llPi'o!; 
70 — 146 
75 173^' 

fin onn 


05 —408 
10 434! “i! 

15 —4611.;' 
20 487! 2?| 

25 -514' E 


55 711 fi, 

60 737 " 

65 —763 ,:!? 
70 788 

75 -814 
80 —840 
8.5 865 r,c 

srai 


05 -9771 25 
10 94002 - 
15 -0271 
20 -a52 ! z 
26 -077] 

30 101“? 

35 126 ', f 

40 1511“” 


To find Log. 83678; 
Log. 8.37(H1 = 92273 
Log. 8^ := ^2247 
Dif. 50. 586 

83678 — 836.50 = 98 
Under 96 

Dif. for 10 X 2 = 10.0 
“ “ 8= 4.2 


90 98 97 96 95 94 A dash before 

1 0.6 0.6 0.6 0.5 0.6 0.5 1 Sotef that itf trae 

9 1.2 1.1 1.1 1.0 1.0 1.0 9 Jaiuris than 

; H H H J*? ii 1-J ? the tahul2%S“ 


J367H -83&50 = »8 4 2.3 2.2 2.2 2.1 2.0 1.9 4 

f ,nn ® 2.9 2.8 2.7 2.rf 2.5 2.4 5 

f. for 10 X 2 = 10.0 0 3 5 3 4 3.2 3.1 3.0 2.9 6 

8 = _4^ 7 4.1 8.9 3.8 3.6 8.6 8.4 7 

98^ 14.2 8 46 4.5 4.8 4.2 4.0 8.8 8 

tg. 8:1678 ^ 9 5.2 5.0 4.9 4.7 4.5 4.8 9 

92247 + 14 92261. 10 5.8 6.6 6.4 5.2 6.0 4.8 10. 


by less than half 
a unit in the last 
place. Thus : 

L^. 8825 = 9208842 
8830=9206460 
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Common or I<Oir»>‘it'l)‘ni** Base » 10. 



To find Log. 95544: 
Log. 95550 == 98023 
Log. 95500 = 980 W 
Dif . " 50 28 

95544- >95500 = 44 
'Jnder 23 

Dif. for 10 X 4 * 18.0 
“ “ 4 = JA 

“ “ 44 = 19.8 
Log. 95644 = 

WOOO-f 20 = 98020. 



20 

24 

23 

22 

21 


1 

0.5 

0.5 

0.5 

0.4 

0.4 

1 

2 

1.0 

1.0 

0.9 

0.9 

0.8 

2 

3 

1.6 

1.4 

1.4 

1.3 

1.3 

3 

4 

2.0 

1.9 

1.8 

1.8 

1.7 

4 

0 

2,6 

2.4 

2.3 

2,2 

2.1 

5 

6 

3.0 

2.9 

2.8 

2.6 

2.5 

6 

7 

8.6 

3.4 

3.2 

3.1 

2.9 

7 

3 

4.0 

3.8 

3.7 

35 

34 

3 

9 

4.6 

4.3 

4.1 

4.0 

3.8 

9 

10 

6.0 

4,8 

4.6 1 

4.4 

4.2 

10 


A dash before 
or after a log. de> 
notes that its true 
value is lest than 
the tabular value 
bjless than half a 
unit in the last 
place. Til us : 

Log. 9600 = 9822712 
“ 9606 = 9824974 
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6E0METBT. 


GEOMETRY. 


LfnM«, FiflpnreN, SoIIiIn, defined. Strictly speaking; a gooinetrical line 

U simply length, or rtistmioe. The lines we drnw on paper ha\c not only length, but breadth and 
thlokness , still they arc the most oonvenient symbol we can employ for denoting a geometrical line. 
Straight lines are also called rinrht lines. A vc'rlieal line is one that points 
toward the ccMiter of the earth; and a borizonfal oiu, is at right angles to a 
vert one. A piano fljpure is merely any flat surface or area entirely enclosed 

by lines cither Htraighl or curved ; which are called Its outline, boundary, circumf, or peripherv. We 
»ften cnnrouud the outline with the flg itwlf us when wc aiieak of drawing elides, squares, ko , for 
we actually draw only their outlines. Geometrically Bpeuking, a flg bus length and breadth only ; no 

thickness. A is any body ; it has length, breadth, and thickness. 

Geometrically Himllar figs or solids, are not ucccs.sarily of the same 
size: hut only of precisely the same Hhape. Thus, any two squares are, scien- 
tlflriillv siieaking, siniiliir to each other ; so also any two circles, cubes, £c. no matter how differeut 
thev niii\ be in sire When they are not only of the name shape, but of the same sue, they are said 

to ho similar, and equal. 

The qnaiititiesi of lines arc to each other simply as their lenirths; but 
.he (j 11 anti ties, or areas, or surfaces of similar fl|urnreM. are as, or in proportion 
;o,the MqnareN of any oiieof the corresponding lines or sides which enclose the 
Igures, or which may he drawn upon them ; and the quantities, or solidifit's of 
ilmilar NolidH. are as the enben of any of the corresponding lines which form 

heir edges, or the figures by winch they are enclosed. 

Jttem.— !4imple as the following operations appear. It Is onlv by cure, and good Instruments, that 
ihey are made to give accurate results. Several of them can be much better performed bv means of a 
metallic triangle having one perfectly aeeiirate right angle In the Held, the tape-line, chain, or a 
Deaauriug rod will take the place of the dn Iders and ruler used indoors. 



To divide a g;iven line, a h^inlo two equal parts. 

From Us ends a and h as centers, and with anv rad greater than one-half of o h, 
descrllie the arcs c and d, and join e/. If the line « i is v cry long, first lav off 
equal dUts a o and 6 if. each way from the ends, so as to approach oonvenieutly 
near to each other , and then proce<>d as if o g were the line to be divided, Ur 
measure a b by a scale, and thus ascerUdn its oeotor. 



To divide n srtwen line, m n. Into any 
griven number of equal partM. 

From m and n draw any two parallel lines m o and n a, 
to an indefinite dist , and on them, from m and n step off the 
reqd number of equal ports of any convenient length • linal- 
Iv.join the corresponding points thus stepped off. Or only 
one Hue, as mo mnv la* drawn and stepped off. as to s; 
then join sn, and draw the other short lines parallel toll. 


1*0 divide a itriven line, m n, into two partd which Nhall have 
a iflven proportion to each other. 

This is done on the same principle as the last ; thu», let the proportion be us 1 to 3. First draw 
iu> line III 0 ; and with any convenient opening of the dividers make m x equal to one step ; and ns 
!qnal to three steps. Join s n : and parallel to it draw x c Then i» c is to c n as 1 is to .3. 


AJf GLEB* 

Anvlez. When two straight, or right lines meet each other at any Incltna- 
ion, the inclination is called an an;::le; and is mea.sured by the degrees con- 
alned In the arc of a circle described from the point of meeting as a oenter. Since all circles, whether 
arge or small, are supposed to be divided into 360 degrees, It follows that any number of degrees of s 
mall circle will measure the same degree of ineilnatlon as will the same nnnitier of a large one. 
When two straight lines, as o n and a h, meet In such a manner that the inclination o n a is equat 

0 the inclination onb, then the two lines are said to be 
Ikerpendiciilar to each other; and the angles ona and 

1 n b, are called rliphl nntrlefi ; and are each measd by, or 

ire equal to, 90®, or one-fourth part of the circumf of a circle. Any angle, 

\sced, smaller than a right angle, is called acute or sharp ; 
ind one c e/, larger than a right angle, is called obtuse, or 
ilunt. When one line meets another, as in the first Fig on opposite page, the two angles on the 
ame side of either line are cailea eontlfirnouM, or acyacent. Thus, ws and 
w w are adjacent; also (us and tuw, stit and suv, wu( and ww v. The sum of two adjacent 
mglesls always equal to two light angles; or to ItJO®. Thererote, If we know the number of de- 
trees contained In one of them, and subtract it from ISU^, we obuin the othor 
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WTien two strai);ht lines cross each other, forming four 
angles, eith«*r {lair of those angles which point in exactly 
opiKtsite directions are called oppOHltC, or vertical 
anfflCM : tlms, the pair « a t and v u w are opposite an* 
gles ; also the pair huv and t u The opiKisito angle* 
of any pair are always equal to each other. 

When a straight line « h crosses two ]iarallel lines c 
«/, the alternate angles which foim a kind of Z ar« 
eipial to each >ther. Thus, the angles don and on/ ar« 
equal as are also con and on e. Also the sum of ths' 
two internal angles on the same side of a b, is equal to twa 
right angles, oi 180°; thus, c o n -f o ii/=* 180°; ala* 
don + w n e = 180°. 

An Interior an^le. 



In aor fig. is any angle formed initde of that: fig, by the meet- 
ing of tvro of tu aides, as the angles c a h, a b r,, h c a, of tbit 
triangle All the interior angles of any straight-lined figure of 
any number of sides whatever, are together equal to twlee as 
many right angles minus four, aa the flgure has sides Thus, a 
triangle has :( sides , twice that number is II; and 6 right angles, 
or h X t from which take 4 right angles, or 860^ ; and 

there remain IS(P, which is the number of degrees in every 
plane, or straight lined triangle. This principle furnishes an 
easy means of testing our mea.suremont8 of the angles of any 
fig. for if the sum of all our muasiirements docs not agree with 


the sum given by the rule, it is a proof that we have committed some error. 





An exterior aniyrle 

Ot any straight-lined figure, is any angle, as a h ef, formed by the meeting of 
any side, as <i h, a lih the prolongation of au adjacent side, as c /> ; ao likewise 
the auglos ran and h r w. All the exterior angles of any straight-lined fig, 
DO matter bow many sides it may have, amount to SIUK^; but, in the case of 
a re-nutenuj/ angle, as y ij, the luUrior angle, g i j, exoceds IbO^, and the 
‘•exterior ' angle, g i x, being = Ihfi’ — lute. )or angle, is nrgaUvr,. Thui 
aAd-f /)cw4-cffs = HWP; and yhj-\-z 3 %^gix-\-\gw = JiWP. 
Angles, as a, b, c, g, h, and.;, whieh point outwaid, are called i»Allont% 


From any elven point, p, on a line * f, 
to draw a ncro. i* a. 




From p, with any convenient openiiiK of the dividers, step 
off the V uals p 0 , p {/ From o and e as centers, with any open- 
ing greater tiian half o g, descrilx* the two short arcs 6 and r; 
and join a p. C)r still licttcr, describe four arcs, and join a y. 

Or from p with any convenient scale dcscrilie two 
short arcs through g and a, either one of them with a radius ,1, 
ami the tuhiT with a rad 4, Then from g with rad 5 desoribe the 
arc b. -fold p a 


"f" 

9 


P 


T 

0 


t 




If the point p ia nt one end of the line, 
or very near it, 

Kxteod the line, if possible, and proceed as above. But if this 
oannot be done, theu from any uouvealeuc point, w, open the divid- 
ers to p, and describe the semicircle, *p o, through o w draw o to 
s, join p $. 

Or uae the liiat foreipoinic process with 

rads d, 4, and b. 



From a priven point, o, to let fall a 
perp o «, to a i;iven line, m n. 

From 0 , measnre to the lino m n, any two equal dists.'o e, 
• e; and from c and < as centers, with any opening greater 
than hair of c e, desoribe the two arcs a and b ; join of. Or 
from any point, as d on tb*' line, open the dividers to o, and 
taeoiibe the arc o p ; make i x equal to { o ; and join o x. 



n 



H 


OBOMBTBT. 
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If tta« line, a h, Is on the grronnd, 

Lnd a perp is reqd to be drawn from c, firit meaanre off any two n 
iqaal dlau, c m, e n. Atm and n, bold the ends of a piece of string, 
ape line, or cbaiu, m s n ; then tighten out the string, Ac, as shown 
nr m s n ; t being iu center. Then will s c be the reqd perp. Or if 
be perp a; s is to be drawn from the end of the line wx, first measure zp 
ipou the line, and equal to three feet, then bolding the end of a Upe- 
ine at x, and its nine feet mark at y, hold the four feet mark at z, keep- 
tigzx and z y equally stretched. Then x x will be the reqd perp, because 
1, 4, and 5, make the sides of a right-angled triangle Instead of 3, 4, and 
t, any multiples of those numbers may be used, such as 6, b, and 10 ; or 
12, 15, 4o : also instead of feet, we may use yards, chains, be. 




f f - i T -h; 

w y d 


nironn^h a K^lTen point, <i, to draw a 
line, a c, parallel to another line, 

ef. 

With the perp dlst, a e, from any point, n, in e/, desorlbo 
tn arc, f ; draw a c just touching the arc. 


7 ^ 


4t any point, <i, in a line a h, 
to make an aniple r a b, equal 
to a jK^iven aniple, tn ti o. 

Prom n and a, with any convenient rad, describe 
iie arcs s t, d e ; measure s (, and make e d equal 
bo it; through a d draw a c. 





To bisect, or divide any angle, te oii y, inlo 
two equal parts. 

From X set off auy two equal disls, xr,xa From r and s with any rad 
describe two arcs iutersectiug, as at o ; and join o x. If the two sides of 
the angle do not meet, as c/ and g h, either first extend them until they 
do meet; or else draw lines zip, and zy, parallel to them, and at equal 
discs from them, so as to meet; then proceed as before. 


All angles, as n a m, n o m, at theoircumf of a semicircle, and stand- 
ing on its dlam n tn, are right anglu; or, as it is usually expressed, 

all angles in a semicircle are right angles. 

An angle n s z at the center of a circle, is twice as great as an angle 
n m z at the oircumf, when both stand upon the same arc n z. 


All angles, as y d p. y e p, y y p, at the oircumf of a eircle, and Jtanding 
upon the same arc, as y p. are equal to each other ; or, as usually expressed, 

all angles in the same segment of a circle are 
eqnal. 


The oOHipleBiertof an angle Is what It lacks of 90’’. Thus, the com. 
plemeut of ^ is WF - SO® =r 10° ; and that of 210° is IKP - 210O ■= - 1200. 
The aappleMeat of an angle Is what It lacks of IBQO. Thus, the supple- 
ment of 800 is 1800 — 800= 100°; anj that of 210° is ISO® - 210® = — jO®. 
But ordinarily w« may negleet the signs and — , before eomplefiieats aa4 
supplements, and oall the oomplement of an angle in dif from M®' aad 
ae supplement lu dif from 180^. 
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AngrleH in a ParalleloiTi’A™. 

A parallelogram Isany four-sided straight-lined fig- 
ure whose opposite sides are equal, as a ft r rf ; or a 
square, Ac. Any line drawn across a parallelogram 
between 2 opposite angles, is called a diagonal, as a c. 
or ft d. A diag divides a parallelogram into two equal 
parts; as does also any line m n drawn through the 
center of either dit^ ; and moreover, the line m n 
itself is div into two ^ual parts by the diag. Two 
diagsbusect each other; they alsodivide thej^rallel- 
ogram into four triangles of equal area.s. Tliesum 
of the t wo angles at the ends of any one side is — 180“; thus, dflft4 ahc = abc + 
bed — 180“, and the sum of the four angles, d a b, a b c, b c d, e d a = 360°. 

The sum of t he squares of the four sides is equal to the sum of the squares of the 
(WO diags. 



To reduce MlnutetA and 8iecondN to Deiprees and decimala 
of a l>efi;ree. ete. 

In any given angle— 

Nnmber <»t dei^reeH == Number of tiiinutes 60. 

= Number of seconds — 3WX(. 

Number of miiintein = Number of degrees x «». 

= Niimbei ot Heconds — 60. 

Nnmbcr of aceondN = Numls*i of di'grees 3(KH1. 

— Number ot miniites a 60. 


Tabic of Miniitcfi and Seconds In Decimals of a Deii^ree, 
^ and of Seconds in l>ccimalH of a Minute. 

(The eolumns of Alms and Degs answer equally for hees and Mins.) 


Mins. Deg, | Mins, Deg. | Mins. Deg jj Secs. Deg. jiSecs, Deg. | Secs. Deg. 
In each equivalent, the laat dl(K;lt repeats indefinitely. See * below 


1 

0 016 

21 

0.:{50 

41 

0.683 

1 

0.0(K)27 

21 

0.00583 

41 

0.01138 

2 

o.u.ct 

22 

0.:366 

42 

0 700 

2 

0.000.55 

22 

0.00611 

42 

0.01166 

3 

0 0.50 

23 

0.38:3 

43 

0.716 

.3 

0.0008:3 

2:5 

0 006.38 

4:3 

0.01194 

4 

0 066 

24 

0.400 

44 

0. 7:3:3 

4 

0.001 11 

24 

0.00666 

44 

0.01222 

5 

0.0.S3 

25 

0 416 

45 

0.750 

.5 

0.00i:38 

2.5 

0.00694 

45 

0.012.50 

6 

0.100 

26 

0.433 

46 

0.766 

6 

0.00166 

26 

0.(K)722 

46 

0.01277 

7 

0 116 

27 

0.450 

47 

0 78:3 

7 

0.00194 

27 

0.00750 

47 

0.01305 

8 

0.133 

28 

0.466 

48 

0.800 

8 

0 00222 

28 

0.00777 

48 

0 013:33 

9 

0.1.50 

29 

0 483 

49 

0.816 

9 

0.(MV2.50 

29 

0.00805 

49 

0 01:361 

10 

0.166 

:30 

0.500 

50 

0.833 

10 

0 00277 

:30 

0 00833 

50 

0 Oi;388 

11 

0 183 

:-ti 

0.516 

51 

0.850 

11 

0 00:305 

31 

0.00861 

51 

0.01416 

12 

0 2tHl 

.32 

o.5:3;i 


0.866 

12 

o.oo:3:3;3 

32 

0.00888 

52 

0.01444 

l.S 

0.216 1 

;3.3 

()..5.W 1 

53 

0.88.3 

! 13 

0.00361 

.33 

0 00916 

5:3 

0.01472 

14 

0.2:t3 1 

.34 

0.566 1 

54 

0.900 

1 14 

0 0u:388 

:34 

0.00944 

54 

0 01500 

15 

0 2.50 

3.5 

0.58:3 

.5,5 

0,916 

1 1'^ 

0 00416 

,3,5 

0 00972 

55 

0.01527 

16 

0.266 ' 

i 36 

0 600 1 

, 56 

0.933 , 

' 16 

0 00444 ' 

,36 

O.OIOOO 

, 56 

0.01555 

17 

0.283 

37 

0.616 

57 

0.9.50 

17 

0.00472 

37 

0.01027 

57 

0.01583 

18 

o.m 

1 :38 

0.633 

•‘’8 

0.966 

1 ^8 

0 00,500 

:38 

0.01055 

1 58 

0 01611 

19 

0.316 

1 39 

0.650 

.59 

0.983 

1 19 

0 00527 

39 

0.0108:3 

1 59 

0.01638 

20 

0.:i33 

1 40 

0.666 

60 

1.000 

i 20 

1 

0.00555 

40 

0.01111 

60 

0.01666 

Secs. 

Alin. 

j Secs, Min. 

1 Secs. Mm. 

j Secs 

• l>eg. 

.Secs. I >eg. 

Secs. Deg. 


• Each equivalent is a repeatlnn; decimal, thus : 

2 minutes ^ 0.03:13333 .... degree 1 12 seconds = 0.2000000 .... minute 

7 “ ^ 0.1166666 ... “ 1 second = 0.0002777 . . . .degree 

12 « -T. 0.2000000 .... “ .^0 seconds - 0.01:18888 .... 



ANGLES. 


Approximate Measurement of Angrles. 

(1) The four flnipertt of fhe hand, held at right angles to the arm and 
at arm’s length from the eye, cover about 7 degrees And an angle of 7° corre 
aponds to about 12.2 feet in 100 feet ; or to 36 6 feet in 100 yards ; ot to 645 feet in a 
mile. 

(2) By mcantt of a two-foot rule, either on a drawing nr between dis- 

tant objects in the field. If the inner edges of a eommon two-foot rule be opened 
to the extent shown in the column of inches, they will be inclined to each other 
jt the angles shown in the column of angles Since an opening of ^ inch (up 
to 19 inches or about 10.5°) corresponds to from about to 1°, no great accuracy 
is to be expected, and beyond 10.5° still less, for the liability to error then in- 
creases very rapidly as tile opening becomes greater Thus, the last inch cor- 
responds to about 12°. , > 

Angles for o}»enings intermediate of tho.se given may bo calculated to the 
nearest minute or two, by simple proportion, up to 23 inches of opening, or 
about 147“. 

Table of Aualea correapondinfir to openings of a 2-fool rule. 

(Original). 

Correot. 


Idb. Deg miD. Iuh. 
1 12 
1 4« 

a 2 24 Ml 

a 00 

h i % H 

i II 

1 4 47 5 

6 23 
6 58 

6 34 

H 7 10 H 

7 46 

H 8 « « 

8 58 

t 9 34 6 

10 10 

K >»« « 

H 11 SH 

12 84 

« 18 10 X 

18 46 

8 22 7 

14 58 
a 15 34 

16 10 

H 16 46 H 

17 22 

H 17 69 « 

18 35 

4 19 12 8 

19 48 


Deg. mln.| Ins. 
20 24 I 8^ 


Deg min. Ins. 
40 18 12;4 

40 51 

41 29 H 

42 7 

42 46 fi 

43 24 

44 8 13 


Deg. min. Ins. 

61 23 16^4 

62 5 

62 47 % 

6:! 28 

64 11 « 

64 58 

65 35 17 

66 18 

67 1 H 

67 44 

6H 28 

69 12 


Deg. min. lus. 

85 14 20^4 

86 3 

86 52 Ml 


(3) With the same table, naingr feet instead of inches. From 


^ foot - 1.5 inches. 

1 in. - .083 ft. I 4 ins. = .333 ft. I 7 ins. = 583 ft. I 10 ins =» .833 ^ 

2 ins. — .167 ft. 5 ins. = .416 ft. 8 ms. — .667 ft. 11 ins = .917 ft. 

3 ins. » .25 ft. 16 ins. -= .5 ft. 19 ms. — .75 ft. I 12 ins. = 1 0 ft. 

(4) Or, measure toward * each object 100 or any other number of 

feet, and place marks. Measure the distance in feet between the marks. Then 

Sine of 5a// half the dis tance between the ma rks 

the angle “ the distance measured toward one of the objects 
Find this sine in the table pp. 98, etc. ; take out the corresponding angle and 
multiply it by 2 

(6) See last paragraph of fo ot-note, pp 152 and 153. _ 

* If 4t is InooDvenlent to mensure toward the objects, meesure (Hrectlj /Vom thei^x 
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PLANE TEIQONOMETBT. 

For illiiiitrntionN, see p 97 d. 

1 . Fiiidial nioaMnro of auf^les. If a circle lie divided into 360 equal 
ires, each of these area, or the anf;Ie at center, subtended by it, is callM a 
degree (®). Kach degree is sub<livided into (>0 miniite»« (') and each 
[ninute into 60 weconds ("). A right augle is an angle of 90°. 

2. Flreular measure of angles. The arc whose length is equal 
to the radius, or the angle at center subtended by such arc, is fialled a 
radian. Since the semi-circumf (seep 161) is = n X radius = jt radians 
= 180°, we have 

1 radian = “ = r-ri^r = 57.2957795...®. Log - 1.758 1226. 

v 3.14159 + 

1 degree = 0.017 4. '>3 292 520 radian; | 

1 nunute = 0 (MX) 290 888 209 radian; > see tabic, p 185. 

1 second = 0.000 004 848 137 radian; ) 

3. Ratio of arc to radina. In any angle, the length of the arc, in 
terms of the radiu^ may be called the arc of the angle. Thu.s, in Figs 1* 
Eind 3*. arc A ZB I OZ. For other angular ratios, see 6 and 10. 

4. Positive and negative angliM. In Fig 1*, suppose a radius, as 
OZ, to sweep around the whole or part of the circle to the li ft or counter- 
clockwise, as indicated by the arrow. Angles or arcs, as ZB, BC, ZBC, 
CUR, ZBCDE, thus deacrilied, are considered poHitive, e g, arc ZBCDE 
^ i-280° ; while angles described 1^ a radius travelling in the opposite or 
clockwise direction, as ZE, EDC, ZEDCB, are considered negative, e g, 
arc ZE = —80°, 

5. ilompleinent, Snpplement, etc. For any angle, A, we have: 
complement A = 90° — A ; Mupplement A =* 180° — A ; 

explement A « 36(P — A. See 1 7. 

6. Angular fnnetionN, or anfralar ratioa, are the ratios between 
the sides of a right-triangle, Kg 2*. The principal ratios of an angle, A , aro 
the sine (sin A), coMine (cxis A), tangentf (tan A), cosecant (esc A,) 
secant (sec A), and cotangent (cot A or ctn A). For other ratios, see 

3 and 10. 

In Fig 2* 


Sin A 

a 

opposite side. 

CMC A W -r^—r 

JB 

^ hypotenuse . 


c 

hypotenuse 

mn A 

a 

opposite side' 

Com a « 

A = 

adjacent side. 

NCC A IB — 1— 

e 

^ hypotenuse 


c 

hypotenuse ’ 

cos A 

“ b 

^jacent side' 

Tan A » 

a 

opposite side 

cot A "■ — — 

« A 

adjacent side 


b ^ 

adjacent side’ 

tan A 

'O 

opposite side 


7. If we represent the denominator, in each of the ratios of *| 6, by a linn 
of unit length, then the length of the lino representing the numerator 
gives the value of the ratio. Thus, in Fig 3*, let radius OB = 1, angle 
^OU = 90°, ZOB =»= any angle, A, and let MB and ZB' be perpendiculw 
to OZ. Then : 

nin X ^ MB ', cos A » OM = U'B', tan A - ZB'\ 

CMC A « OB"', «ec A » OB'-, cot A =. VB". 

The sine (etc), thus expressed, was formerly called the natural sine 
(etc), or sine (etc) to radluH 1, 

Note that 

cos A « sin (90° — A) =» sin (complement A) 

cot A — tan (90° — A) =» tan (complement A) 

CSC A = sec (90° — .4) = sec (complement A). 

See 11 13. 

* For illuMtratlonM. see p 97 d. 

t Tl^ use of the word "tangent’* was suggested by its use in geometry 
a here it denotes any line touching a curve without intersecting it. In thr 
ipeation of railroad curves, the name "tangent" is often given to the “ape* 
ustance," which is the trigonometrical tangent of hi^ the curve. 



PLANE TRIGONOMETRY. 


97 a 


S. PoftttiT<% and ne|^atk\i^ RiirnH. Fig 4*. Suppose the circle 
divided into four quadrants, 1, II, III and IV, beginning on the right of and 
above the center, and progressing to the left, or counter-clockwise. Then, 
vertical or horizontal lines, measured upward from, or to the right of, the 
horizontal and vertical diameters, respectively, are considered positive; 
whde such lines measureil downward from, or to the left of, the same diams, 
are considered negative; but the radius, in whatever quadrant it may he, 
is always consideretl jios when measured from the center outward, lienee, 
Sine (and cosecant) posiiioe in upper quadrants; 

Cosine (and secant) “ “ nqhi-hand “ 

Tangent (and cotangent) “ “ firtA and third “ or: 

In qnailrant 1 II III IV 

Including angles from 0® to 90® 90® to 180® 180® to 270® 270® to 300® 
Sine and cosecant + -1- — • — 

Tangent and Cotangent + — + — 

Secant and Cosine + — — + 

9. Nnmerlcral TalucN or ftanrtiona or certain ang'leK. 



■a 

Mm 









D 




i 


B 

B 

D 


D 



M 

B 


B 

g 

D 


a 



Q 


B 

B 


n 

Cosine 




B 

B 

B 

B 




B 

B 

B 

B 

B 

B 

0 

B 



B 

B 

B 

B 

B 

B 

B 

B 



B 

B 


B 

B 

B 

1 

CO 

1 

Cosine* 


3l 

4 

B 

B 

B 

B 

B 

0 

1 


For equations between angular functions, see 14 to 19. 

10. Other Functions. See also 3 and 6. 

In Fig 3*, BN ■= chord 2 A = 2 sin A ; and chord A = 2 sin {Af2)* 
The vemed Nine. MZ, Fig 3, of an angle, A, is vers A = 1 — cos A. 
It is much used in connection with the location of railroad curves. 

The coversed sine (covers), U'U, “I — sin A, Fig 3, of an angle, 
A, is the versed sine of the complement, BOU, of A. 

By their definitions, vers A 1 — cos A) and covers A (=• 1 — sin A) 
are always pos. In the 4 quadrants. Fig 4*, their values change as follows; 
Quadrant I II III IV 

Including angles from 0® to 90® 90® to 180® 180® to 270® 270® to 360® 

Versed sine 0 to 1 1 to 2 2 to 1 1 to 0 

Coversed sine 1 to 0 0 to 1 1 to 2 2 to 1 

The external secant (exsec) B B\ Fig 3, of an angle. A, => sec A — 1. 

Like the versed sine, it is used in tne location of railroad curves. 


* For illnatratlons, see p 97 A 
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Table of alneN, tans, cotans, cosines. 

For logarithmic aines, etc., see pp 143 a, etc. 

11. Table of Natural Angular Ratios. The table, pp 98-142, 

lontaina the natural sines, fangenta, cotangents and cosines of angles from 
1“ to 90°, progressing by single minutes. Functions for intermediate angles 
an be found, in nearly all cases, with sufficient approximation, by simple 
>roportion. For functious not given in the table, we have ; 
►ecant A =» 1/coa A; Versed sine A =1 — cos A; 

Cosecant A ==> 1/sin A; Co versed sine A = 1 — sin A; • 

Jhord A = 2 sin (A/2); External secant A = sec A — 1 *= (1/cos A) — 1. 

13^ Angle as function of ratio. The arc (or angle) whose sin, 

an, etc, is J, is called, by cfjntinental writers, arc sin/, arc tan /, etc, or 
nti-sin /, anti-tan/, etc, and, by English writers, sin V. tun Vt 
Thus, let A =■ the angle ; sin A ; = cos A. Then 

A = arc sin /' « anti-sin /' = sin “ 
arc cos == anti-cos/'' ■= cos'” 

Example. Let A =» 30° Then = sin .30° - 0.5; J" - cos 30° - 
1.800..., and 

30° - arc sin 0.5 = anti-sin 0.5 = sin *“ * 0.5 

= arc cos 0.866. . . = anti-cos 0.866. . . = cos “ * 0.866. . , 


Functions of Nupplements and (UnnplementN. 

I.*!. Putting A “ any angl<', and F - “any trig function of," we have the 
allowing converucnt rules, see Fig 5: (For v«t.s and covers, see p 97ri, *11 10.) 
’ f ± A j (ah ovn multiple of 90") 1 numerically =• same function of A; 

''I i A t (an odd multiple of 90°) I numerically — co-named function of A; 

he .sign being determined, in each case, by considering the quadrants in 
rhich the angles he. (See II 8.) Thus, numerically. 

;m .1 = sin (180° + A) = sin (180° — A) - sin (A — 180°) 

- c( J ( 90° + A) — cos ( 90° — A) = cos (A — 90°); 

;os .1 = cos (180° + A) = cos (180° — A) =- cos (A — 180°) 

- sin ( 00° + A) = sin ( 90° — A) = sin (A — 90°); 

’an A => tan (180° + A) == tan (180° — A) = tan (A — 180°) 

- cot (90° + A) = cot ( 90° — A) =• cot (A — 90°). 

Properties of the trigonometric Riiictions, Figs 6, 7, S. 

14. For any angle. A, we have : 

tan A = ; sin® A + cos® A — 1 ; 

cos A ’ 


sot A 


1 + tan® A »= SCO® A ; 

1 cos A ,1 

, = — - ; sec A J ; 

tan A Sin A cos A 

From Fig 4, sin (—A) — — sin A ; tan (—A) 

108 (—.4) =• cos A. 

15. For any two angles, A and li, it may be shown that 
sin (.4 -f R) « sin A , cos H 4- cos A . .sin B ; 
and cos ( A + R) = cos A . cos R — sin A . sin R ; 
cos A cos R 



rhence, dividing by 


cos A . cos R 


we obtain 


aeo A 
taaA ' 


tan (A + R) = » tan A + tan F 

cos (A + R) 1 — tan A tan B ' 
16 . Putting A “ R, in the formulas for (A 4* R), we have 
sin 2 A — 2 sin A . cos A; 

COS 2 A « cos® A - sin® A - 1 — 2 sin® A « 2 cos* A — 
o A 2 tan A 
t&n 2 A “ ^ ~ — ,5 — 7 • 

1 — tan® A 

md, changing R to — R, we have 


sin (A - B) 
cos (A - B) 


tan(A-B) 


sin A . cos R — cos A . sin R ; 
cos A . cos R 4- sin A . sin R : 

ta n A — tan R 
1 4- tan A . tan B ' 


1 ; 
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17 . Since cos 2 A = 1 — 2 sinM^w^have : (puttinj? A/2 for A) 
008 A = 1 — 2 sin^ 2 ; or sin ^ ; and, since coa 2 A «■ 

2 coH^ A — 1, we have 2 cos* ~ = coa A + 1, or c«>s ^ ^ jt 

and hocc tan --=^1 1.-. cos - 5" *'- . • 

2 coa A/2 \ 1 -f coa A ^ ■*" cos A 

IH. I'orninlaM traiiHformiiit? a Hiini or diffemirr info a 
product. Combining the formulas for ain (A + B) and coa (A ± B), w« 
nave, finally : 


AI2 ^ [l -cofi 
!oa A/2 \ 1 -f coj 



A + sin 

B - 

„ A 

+ 

B 

A 



B 

sin 

2 sin 

2 

. cos * 

2 




B - 


___ 

B 

A 

+ 

B 

sin 

A — sin 

n • 

2 Bin 

2 


. cos 




A + cos 

B - 

« A 

4- 

B 

A 


B 

cos 

2 cos 

2 


, cos 

2 



B = 


+ 

B 

, A 


B 

coa 

A - cos 

0 • 

—2 sm - 

2 


, sin 

2 




See also H 20, for formuUus used in solution of triangles. 

Id. Any iniieiioii of an angle may be expressed in forniN of any 

other. Thus, Figs 6, 7, 8 : 

in terms of the Mine : 

cos* A =1 — sin* A ; hence, cos A »» 1 — sin* A ; 

. ain A ain A 

tan A = — r = - - ; 

cos A 1 ^— sin2A 

sec A =* 7 =* — - — - — . 

cos A y I — giu2 ^ 

in terms of the taiiKenf i 

sec* A = 1 + tan* A ; hence, sec A = + tan* A ; 

. 1 1 

cos A = - ‘ 

sec A y I y tan* A 

. . tun A tan A 

sin A =* . = '7- - 

sec A ]/l 4- tan* A 

20. FormiilnN iiNed in the MOlntlon of triancrlOM. Fig 9. 

o, t>, c be the sides of any plane triangle, and A, B, C the angles opposite 
a, b, c respectively. ’’I'hen 

sin A __ a _ See also pp 148 to 156. 

~ I ' See Case 2, p 150. 

a* = b* + c* — 2 6 c cos A ; A 

A -- n 0-5. A+B. yf 

“ a + “2~' yv - 

A r , a+&+c L 

2 - 1—c. ’ * 2 ~ = / / 


tan 

A — 

B _ 0 — 5 
a + 5 

. tan 


A 

r . 


tan 

2 “ 

8 — 0 ’ 


and 


J(s-~a) (8 — 

57(8^ 



radius of inscribed circle. 

oft sin C 

2 “ “ 
sin A sin CJ^ 
*" 2 sin B 


Fi«r. 9. 

/ « (« — cO (« — 6) Cf — c) 


Area of the triangle 






Table of * 

Natural Sines, Tangents, Cotangents 
and Cosines. 


Pages 98 to 142. 



TABLE OF SINES, TANGENTS, COTANGENTS AND COSINES. (For lograrftlimic sines, ete, see pp 143 o etc.) 
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143a LOaABITHMIC tbioonometric punctionb. 

LOGAMTHMIO TBIQONOMETEIO FUBOTIOKS. 

(Logwithmi of trigonometric rttios.) 

Ji'! 

- 9.779 463 — 10. 

♦ TWO TABIiES. 

W. «iT. »wo tebiM of logorithmio trigonometriu funotioM, vi» ; a 
•* main table,” pp 143 1 to 146 6 
and a 

“■p«elal table,** pp 143 c to 143 fc. « • 

Tbe main table giv« thew funotioni for eaeb minnte of the 

rsr.s'sSA’s-SM 

See 11 7 to 9. 

Main Table. 

(2) Tbe main table, pp. 143i to 146b. gives, to 6 da^imai places, the 
loa ain. loa eoa, log tan and log eotf 
of the are for each minute of the quadrmit, or from 0" O' to SO* 60- (90 ). 

titles at the feet of the columns. * 1 ,. 

(A\ VvfunDle. to find log sin 7® 34'. At head of paw [143fl on ^e 
1 twe we find 7'; tnd, under it, in the first column, or column 

■ h®t ®““^m‘we fod“f2“T»^ “er th.V'in*the n^VLhd’eXmm 


(51 Example, to find log cos 82® 26'. At foot of p^e 
right, in bold ts^pe, we find 82®; and, over this, 1 

'^^erFor^arca between 90® and 180®, we have the relations: 

^;=o-roai?=;>); e^J;”o-r„ip-?): 

“'Ft'ffoo left or r’t (resp) of page, 'l^^/ATiertof'^a 
For degs at top or ft (resp) of page, use headgs at top or tt (resp) 01 page. 

Thus : log sin 172® 26' - 9.119 519 ; 

log cos 172® 26' = 9.996 202. ____ 


♦Reproduced. ^ permiwion of author and pubUshers, from^^ 
Enginwring," by Wm. H. Searles, pubd by John v 


1 UUUiloUCiD, ur i 

a Wiley A Sons, New York. 

t Secant o - ; log sec a - 0 — log cos o. Coaecant o - ; 

log cosecant o — 0 — log sin o. 


sin a 
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(7) For oros tntermodiote of thono fftTen In ttao main 
table (pp 143 1 to 146 6); if the arc is not between^ and 2®, or between 88* 
and 92®, or between 178® and 180® (aee 8 and 9), Interpolato, by 
means of the column headed D.l'^ (differenoe of function for 1 aecond <» 
angle), as in the following examples : 


Qiven 

Required 

Table gives 
D.l"- 16.87, 
and 9.118 667 = 

Result. 

1 

a - 7® 33' 12" 
a - 82® 26' 48" 

log sin a 9.118 

log cos a » 9.118 

llog 
|log 4 

767 

1767 

sm a 

:o8 a 

a 

log sin 7®33'0" 
log cos 82® 27' 0" 

log sin 7®33'0* 

log cos 82® 27' 0" 

9.118 667 + 12 D. 1" = 9.118 767; 
9.118 667 4-12 D.l" =9.118 767; 

7®33'0"+ — ~ = 7® 33' 12"; 

82®27'0"- =82® 26' 48" 


Special Table, pp. 143 e to 143 k. 

(S) For the log am, tan, cot, of ares from 0® 0' to 1® 60^ (2? O'); and 
lor the log cos, cot, tan, of arcs from 88® 0' to 89® 60' (.90® O'); the differ- 
ences, between successive logs, vary so rapidly that the use of the column 
D. 1", with intervals of 1 minute between tabular arcs, would give insuffic- 
iently accurate results. 

(9) For such cases we give the special 5-place table, pp. 143 1 
to 143 k, with smaller 'mtervals between arcs, via : 


for arcs from 

interval 

pages 

0® 0' to 0® 18' 

1 second 

143c-e 

0® 18' to 0® 30' 

3 seconds 

143/-<f 

0® Z(y to 0® 40' 

5 

143 A 

0® 40' to 0® 60' 

10 " 

143 j 

1® 0' to r 60' 

30 •• 

1431; 


(10) Tanfpents of angrles near 90®, and cotang^ents of angrlefl 
near 0®, are not given in the special table : but we have : 

log tan a = 0 — log cot a ; log cot o = 0 — log tan a. 

(11) With functions to only five decimal places, we have : 

in arcs from 0® to 0® 18' i log sin a = log tan o = 0 — log cot o : 

89® 42' to 90® ; log cos o = log cot o = 0 — log tan a. 

(12) For arcs from 0® O' to 0® 18' (1 second intervals) of course nc 
interpolation is required for whole seconds. For the other angles, named 
above, the greatest error, due to Interpolation, is less than 1 in th< 
6th place. In the main table, log sin 2® 0' 30", the error, due to interpo- 
lation, is nearly 0.4 in the 6th place. 

Examples of interpolation in use of special table. 


/ ^Table gives 

log sin 1® 48' 30" - 8.49 908 
log Bin 1® 48' 0" - 8.49 708 
diffs 0® 0' 30" ‘ 0.00 200 

Result - log Bid o - 8.49 708 + ^ X 200 - 8.4^ 775. 


Given, a — 1® 48' 10" 
Required, log sin a 


Given, log sin a 
Required, a 


Result - o ” 


-Table gives- 


8.49 776 I 8.49 908 


log sin 1® 48' 30" 
8.49 708 ^ log sin 1® 48' 0" 
diffs 0.00 200 0® 0' 30" 

67 t 


1® 48' 0" + X 30" - 1® 48' 10". 


•9.118 767 — 9.118 667 = 0.000190. 
t67 - 8.49 776 — 8.49 708. 



LOGARITHMIC SINES, BTC. 


or 

— 00 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

Ena 

r 

4.68557 

6.47090 

6.76836 

6.94325 

7.06759 

7.16414 

59 * 

2-^ 

4.98660 

6.47797 

6.77193 

6.94565 

7.06939 

7.16558 

58* 

3* 

5.16270 

6.48492 

6.77548 

6.94803 

7.07118 

7.16702 

57* 

r 

5.28763 

6.49175 

6.77900 

6.95039 

7.07296 

7.16845 

56* 

5'' 

5.38454 

6.49849 

6.78248 

6.95275 

7.07474 

7.16987 

55* 

6" 

5.46373 

6.50512 

6.78595 

6.95509 

7.07651 

7.17130 

54* 

7/. 

5.53067 

6.51165 

6.78938 

6.95742 

7.07827 

7.17271 

53* 

8^ 

5.58866 

6.51808 

6.79278 

6.95973 

7.08003 

7.17413 

52* 

r 

5.63982 

6.52442 

6.79616 

6.96204 

7.08177 

7.17553 

51* 

KK' 

5.68557 

6.53067 

6.79952 

6.96433 

^7.08351 

7.17694 

60* 

ir 

5.72697 

6.53683 

6.80285 

6.96661 

7.08525 

7.17834 

49* 

12^^ 

5.76476 

6.54291 

6.80615 

6.96888 

7.08698 

7.17973 

48* 

13* 

5.79952 

6.54890 

6.80943 

6.97113 

7.08870 

7.18112 

47* 

14* 

5.83170 

6.55481 

6.81268 

6.97338 

7.09041 

7.18250 

46* 

15* 

5.86167 

6.56064 

6.81591 

6.97561 

7.09211 

7.18389 

4.5* 

16* 

5.88969 

6.56639 

6.819U 

6.97783 

7.09381 

7.18526 

44* 

17* 

5.91602 

6.57207 

6.82230 

6.98004 

7.09551 

7.18663 

4.3* 

18* 

5.94085 

6.57767 

6.82545 

6.98224 

7.09719 

7.18800 

42* 

ir 

5.96433 

6.58320 

6.82859 

6.98443 

7.09887 

7.18937 

41* 

»0* 

5.98660 

6.58866 

6.83170 

6.98660 

7.10055 

7.19072 

40* 

21* 

6.00779 

6.59406 

6.83479 

6.98877 

7.10222 

7.19208 

39* 

22* 

6.02800 

6.59939 

6.83786 

6.99093 

7.10388 

7.19343 

38* 

23* 

6.04730 

6.60465 

6.84091 

6.99307 

7.10553 

7.19478 

37* 

24* 

6.06579 

6.60985 

6.84394 

6.99521 

7.10718 

7.19612 

36* 

25* 

6.08351 

6.61499 

6.84694 

6.99733 

7.10882 

7.19746 

35* 

26* 

6.10055 

6.62007 

6.84993 

6.99944 

7.11046 

7.19879 

.34* 

27* 

6.11694 

6.62509 

6.85289 

7.00155 

7.11209 

7.20012 

.3.3* 

28* 

6.13273 

6.63006 

6.85584 

7.00364 

7.11371 

7.20145 

32* 

29* 

6.14797 

6.63496 

6.85876 

7.00572 

7.11533 

7.20277 

31* 

30* 

6.16270 

6.63982 

6.86167 

7.00779 

7.11694 

7.20409 

30* 

31* 

6.17694 

6.64462 

6.86455 

7.00986 

7.11854 

7.20540 

29* 

32* 

6.19072 

6.64936 

6.86742 

7.01191 

7.12014 

7.20671 

28* 

33* 

6.20409 

6.65406 

6.87027 

7.01395 

7.12174 

7.20802 

27* 

34* 

6.21705 

6.65870 

6.87310 

7.01599 

7.12333 

7.20932 

26* 

35* 

6.22964 

6.66330 

6.87591 

7.01801 

7.12491 

7.21062 

25* 

36* 

6.24188 

6.66785 

6.87870 

7.02003 

7.12648 

7.21191 

24* 

37* 

6.25378 

6.67235 

6.88147 

7.02203 

7.12805 

7.21320 

23* 

38* 

6.26536 

6.67680 

6.88423 

7.02403 

7.12962 

7.21449 

22* 

39* 

6.27664 

6.68121 

6.88697 

7.02602 

7.13118 

7.21577 

21* 

40* 

6.28763 

6.68557 

6.88969 

7.02800 

7.13273 

7.21705 

20* 

41* 

6.29836 

6.68990 

6.89240 

7.02997 

7.13428 

7.21833 

19* 

42* 

6.30882 

6.69418 

6.89509 

7.03193 

7.13582 

7.21960 

18* 

43* 

6.31904 

6.69841 

6.89776 

7.03388 

7.13736 

7.22087 

17* 

44* 

6.32903 

6.70261 

6.90042 

7.03582 

7.13889 

7.22213 

16* 

45* 

6.33879 

6.70676 

6.90306 

7.03776 

7.14042 

7.22339 

15* 

46* 

6.34833 

6.71088 

6.90568 

7.03968 

7.14194 

7.22465 

14* 

47* 

6.35767 

6.71496 

6.90829 

7.04160 

7.14346 

7.22590 

13* 

48* 

6.36682 

6.71900 

6.91088 

7.04351 

7.14497 

7.22715 

12* 

49* 

6.37577 

6.72300 

6.91346 

7.04541 

7.14647 

7.22840 

11* 

50* 

6.38454 

6.72697 

6.91602 

7.04730 

7.14797 . 

7.22964 

10* 

51* 

6.39315 

6.73090 

6.91857 

7.04919 

7.14947 

7.23088 

9* 

52* 

6.40158 

6.73479 

6.92110 

7.05106 

7.15096 

7.23212 

8* 

53* 

6.40985 

6.73865 

6.92362 

7.05293 

7.15244 

7.23335 

7* 

54* 

6.41797 

6.74248 

6.92612 

7.05479 

7.15392 

7.23458 

6* 

55* 

6.42594 

6.74627 

6.92861 

7.05664 

7.15540 

7.23580 

5* 

56* 

6.43376 

6.75003 

6.93109 

7.05849 

7.15687 

7.23702 

4* 

57* 

6.44145 

6.75376 

6.93355 

7.06032 

7.15833 

7.23824 

3* 

58* 

6.44900 

6.75746 

6.93599 

7.06215 

7.15979 

7.23946 

2* 

59* 

6.45643 

6.76112 

6.93843 

7.06397 

7.16125 

7.24067 

1* 

60* 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

7.24188 

0* 

Sy 58' 5V 56' 55' 54' 89* 

.. 

Loff cosine - L 



- Log t 

angent. 






logarithmic sines, etc. 143 ci 



t^-og sine = Log tangeni 

EKB 

Log cotangent. 


0" 

6' 

7' 

8' 

9' 

■■lEfllli 

ir 



7.24188 

7.30882 

7.36682 

^.41797 

7.4637i 

7.50512 

60" 

r 

7.24308 

7.30986 

7.36772 

7.41877 

7.46445 

7.50578 

59" 

T’ 

7.24428 

7.31089 

7.36862 

7.41957 

7.46517 

7.50643 

58' 

3" 

7.24548 

7.31191 

7.36952 

7.42037 

7.46589 

7.50709 

57" 

4^ 

7.24668 

7.31294 

7.37042 

7.42117 

7.46661 

7.50774 

56" 

5" 

7.24787 

7.31396 

7.37132 

7.42197 

7.46733 

7.50840 

55" 

t” 

7.24906 

7.31498 

7.37221 

7A2277 

7.46805 

7.50905 

54" 

T 

7.25024 

7.31600 

7.37310 

7.42356 

7.46876 

7.50970 

53" 

8*' 

7.25142 

7.31702 

7.37399 

7.42435 

7.46948 

7.51035 

52" 

9" 

7.25260 

7.31803 

7.37488 

7.42515 

7.47019 

7.51100 

51" 

nr 

7.25378 

7.31904 

7.37577 

7.42594 

7.47090 

7.51165 

60" 

ir 

7.25495 

7.32005 

7.37666 

7.42673 

7.47162 

7.51230 

49" 

12^ 

7.25612 

7.32106 

7.37754 

7.42751 

7.47233 

7.51294 

48" 

13" 

7.25728 

7.32206 

7.37842 

7.42830 

7.47303 

7.51359 

47" 

14" 

7.25845 

7.32306 

7.37930 

7.42908 

7.47374 

7.51423 

46" 

15" 

7.25961 

7.32406 

7.38018 

7.42987 

7.47445 

7.51488 

45" 

16" 

7.26076 

7.32506 

7.38106 

7.43065 

7.47515 

7.51552 

44" 

17" 

7.26192 

7.32606 

7.38193 

7.43143 

7.47586 

7.51616 

43" 

18" 

7.26307 

7.32705 

7.38280 

7.43221 

7.47656 

7.51680 

42" 

19" 

7.26421 

7.32804 

7.38368 

7.43299 

7.47726 

7.51744 

41" 

20" 

7.26536 

7.32903 

7.38454 

7.43376 

7.47797 

7.51808 

40" 

21" 

7.26650 

7.33001 

7.38541 

7.43454 

7.47867 

7.51872 

39" 

22" 

7.26764 

7.33100 

7.38628 

7.43531 

7.47936 

7.51936 

.38" 

23" 

7.26877 

7.33198 

7.38714 

7.43608 

7.48006 

7.51999 

37" 

24" 

7.26991 

7.33296 

7.38801 

7.43685 

7.48076 

7.52063 

36" 

25" 

7.27104 

7.33393 

7.38887 

7.43762 

7.48145 

7.52126 

3.S" 

26" 

7.27216 

7.33491 

7.38972 

7.43839 

7.48215 

7.52190 

34" 

27" 

7.27329 

7.33588 

7.39058 

7.43916 

7.48284 

7.52253 

33" 

28" 

7.27441 

7.33685 

7.39144 

7.43992 

7.48353 

7.52316 

32" 

29" 

7.27552 

7.33782 

7.39229 

7.44069 

7.48422 

7.52379 

31" 

30" 

7.27664 

7.33879 

7.39314 

7.44145 

7.48491 

7.52442 

30" 

31" 

7.27775 

7.33975 

7.39400 

7.44221 

7.48560 

7.52505 

29" 

32" 

7.27886 

7.34071 

7.39484 

7.44297 

7.48629 

7.52568 

28" 

33" 

7.27997 

7.34167 

7.39569 

7.44373 

7.48698 

7.52631 

27" 

34" 

7.28107 

7.34263 

7.39654 

7.44449 

7.48766 

7.52693 

26" 

35" 

7.28217 

7.34359 

7.39738 

7.44524 

7.48835 

7.52756 

25" 

36" 

7.28327 

7.34454 

7.39822 

7.44600 

7.48903 

7.52818 

24" 

37" 

7.28437 

7.34549 

7.39907 

7.44675 

7.48971 

7.52881 

23" 

38" 

7.28546 

7.34644 

7.39990 

7.44750 

7.49039 

7.52943 

22" 

39" 

7.28655 

7.34739 

7.40074 

7.44825 

7.49108 

7.53005 

21" 

40" 

7.28763 

7.34833 

7.40158 

7.44900 

7.49175 

7.53067 

20" 

41" 

7.28872 

7.34928 

7.40241 

7.44975 

7.49243 

7.53129 

19" 

42" 

7.28980 

7.35022 

7.40324 

7.45050 

7.49311 

7.53191 

18" 

43" 

7.29088 

7.35116 

7.40408 

7.45124 

7.49379 

7.53253 

17" 

44" 

7.29196 

7.35209 

7.40491 

7.45199 

7.49446 

7.53315 

16" 

45" 

7.29303 

7.35303 

7.40573 

7.45273 

7.49513 

7.53376 

15" 

46" 

7.29410 

7.35396 

7.40656 

7.45347 

7.49581 

7.53438 

M" 

47" 

7.29517 

7.35489 

7.40739 

7.45421 

7.49648 

7.53499 

13" 

48" 

7.29623 

7.35582 

7.40821 

7.45495 

7.49715 

7.53561 

12" 

49" 

7.29730 

7.35675 

7.40903 

7.45569 

7.49782 

7.53622 

11" 

50" 

7.29836 

7.35767 

7.40985 

7.45643 

7.49849 

7.53683 

10" 

51" 

7.29942 

7.35860 

7.41067 

7.45716 

7.49916 

7.53744 

9" 

52" 

7.30047 

7.35952 

7.41149 

7.45790 

7.49982 

7.53805 

8" 

53" 

7.30152 

7.36044 

7.41230 

7.45863 

7.50049 

7.53866 

7" 

54" 

7.30257 

7.36135 

7.41312 

7.45936 

7.50115 

7.53927 

6" 

55" 

7.30362 

7.36227 

7.41393 

7.46009 

7.50182 

7.53988 

5" 

56" 

7.30467 

7.36318 

7.41474 

7.46082 

7.50248 

7.50314 

7.54049 

4" 

57" 

7.30571 

7.36409 

7.41555 

7.46155 

7.54109 

3" 

58" 

7.30675 

7.36500 

7.41636 

7.46228 

7.50380 

7.54170 

2" 

59" 

7.30779 

7.36591 

7.41716 

7.46300 

7.50446 

7.54230 

1" 

60" 

7.30882 

7,36682 

7.41797 

7.46373 

7.50512 

7.54291 

0" 


53' 

52' 

51' 


49' 

48' 

89* 




0 — Log tangent. 
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LOGARITHMIC SINES, ETC. 



0* 

r 

7.54291 

7.54351 

7.57767 

7.57822 

7.60985 

7.61037 

7.63982 

7.64030 

7.66784 

7.66830 

7.69417 

7.69460 

60" 

59" 

2^ 

7.54411 

7.57878 

7.61089 

7.64078 

7.66875 

7.69502 

58" 

3*- 

7.54471 

7.57934 

7.61140 

7.64126 

7.66920 

7.69545 

57" 

4' 

7.54531 

7.57989 

7.61192 

7.64174 

7.66965 

7.69587 

56" 

5* 

7.54591 

7.58044 

7.61243 

7.64222 

7.67010 

7.69630 

55" 

6" 

7.54651 

7.58100 

7.61294 

7.64270 

7.67055 

7.69672 

54" 

r 

7.54711 

7.58155 

7.61346 

7.64318 

7.67100 

7.69714 

53" 

i" 

7.54771 

7.58210 

7.61397 

7.64366 

7.67145 

7.69757 

52" 

9^ 

7.54830 

7.58265 

7.61448 

7.64414 

7.67190 

7.69799 

51" 

10" 

7.54890 

7.58320 

7.61499 

7.64461 

7.67235 

7.69841 

50" 

11" 

7.54949 

7.58375 

7.61550 

7.64509 

7.67279 

7.69883 

49" 

12" 

7.55009 

7.58430 

7.61601 

7.64557 

7.67324 

7.69925 

48" 

13" 

7.55068 

7.58485 

7.61652 

7.64604 

7.67369 

7.69967 

47" 

14" 

7.55127 

7.58539 

7.61703 

7.64652 

7.67413 

7.70009 

46" 

IS" 

7.55186 

7.58594 

7.61754 

7.64699 

7.67458 

7.70051 

45" 

16" 

7.55245 

7.58649 

7.61805 

7.64747 

7.67502 

7.70093 

44" 

17" 

7.55304 

7.58703 

7.61855 

7.64794 

7.67547 

7.70135 

43" 

18" 

7.55363 

7.58758 

7.61906 

7.64842 

7.67591 

7.70177 

42* 

19" 

7.55422 

7.58812 

7.61957 

7.64889 

7.67636 

7.70219 

41 " 

?80" 

7.55481 

7.58866 

7.62007 

7.64936 

7.67680 

7.70261 

40" 

21" 

7.55539 

7.58921 

7.62058 

7.64983 

7.67724 

7.70302 

39" 

22" 

7.55598 

7.58975 

7.62108 

7.65030 

7.67768 

7.70344 

38" 

23" 

7.55656 

7.59029 

7.62358 

7.65078 

7.67813 

7.70386 

37" 

24" 

7.55715 

7.59083 

7.62209 

7.65125 

7.67857 

7.70427 

36" 

25" 

7.55773 

7.59137 

7.62259 

7.65172 

7.67901 

7.70469 

35" 

26" 

7.55831 

7.59191 

7.62309 

7.65218 

7.67945 

7.70510 

34" 

27" 

7.55889 

7.59245 

7.62359 

7.65265 

7.67989 

7.70552 

33" 

28" 

7.55948 

7.59299 

7.62409 

7.65312 

7.68033 

7.70593 

32" 

29" 

7.56006 

7.59352 

7.62459 

7.65359 

7.68077 

7.70635 

31" 

30" 

7.56064 

7.59406 

7.62509 

7.65406 

7.68121 

7.70676 

30" 

31" 

7.56121 

7.59459 

7.62559 

7.65452 

7.68165 

7.70718 

29" 

32" 

7.56179 

7.59513 

7.62609 

7.65499 

7.68208 

7.70759 

28" 

33" 

7.56237 

7.59566 

7.62659 

7.65546 

7.68252 

7.70800 

27" 

34" 

7.56295 

7.59620 

7.62709 

7.65592 

7.68296 

7.70841 

26" 

35" 

7.56352 

7.59673 

7.62758 

7.65639 

7.68340 

7.70883 

25" 

36" 

7.56410 

7.59726 

7.62808 

7.65685 

7.68383 

7.70924 

24" 

37" 

7.56467 

7.59780 

7.62857 

7.65731 

7.68427 

7.70965 

23" 

38" 

7.56524 

7.59833 

7.62907 

7.65778 

7.68470 

7.71006 

22" 

39" 

7.56582 

7.59886 

7.62956 

7.65824 

7.68514 

7.71047 

21" 

40" 

7.56639 

7.59939 

7.63006 

7.65870 

7.68557 

7.71088 

20" 

41" 

7.56696 

7.59992 

7.63055 

7.65916 

7.68601 

7.71129 

19" 

42" 

7.56753 

7.60045 

7.63104 

7.65962 

7.68644 

7.71170 

18" 

43" 

7.56810 

7.60097 

7.63153 

7.66009 

7‘.68687 

7.71211 

17" 

44" 

7.56867 

7.60150 

7.63203 

7.66055 

7.68731 

7.71251 

16" 

45" 

7.56924 

7.60203 

7.63252 

7.66101 

7.68774 

7.71292 

15" 

46'{ 

7.56980 

7.60255 

7.63301 

7.66146 

7.68817 

7.71333 

14" 

47" 

7.57037 

7.60308 

7.63350 

7.66192 

7.68860 

7.71374 

13" 

48" 

7.57094 

7.60360 

7.63399 

7.66238 

7.68903 

7.71414 

12" 

49" 

7.57150 

7.60413 

7.63448 

7.66284 

7.68946 

7.71455 

11" 

50" 

7.57206 

7.60465 

7.63496 

7.66330 

7.68989 

7.71496 

10" 

51" 

7.57263 

7.60517 

7,63545 

7.66375 

7.69032 

7.71536 

9" 

52" 

7.57319 

7.60570 

7.63594 

7.66421 

7.69075 

7.71577 

8" 

53" 

7.57375 

7.60622 

7.63643 

7.66467 

7.69118 

7.71617 

7" 

54" 

7.57431 

7.60674 

7.63691 

7.66512 

7.69161 

7.71658 

6" 

55" 

7.57488 

7.60726 

7.63740 

7.66558 

7.69204 

7.71698 

5" 

56" 

7.57544 

7.60778 

7.63788 

7.66603 

7.69247 

7.71739 

4" 

57" 

7.57599 

7.60830 

7.63837 

7.66649 

7.69289 

7.71779 

3" 

58" 

7.57655 

7.60882 

7.63885 

7.66694 

7.69332 

7.71819 

2" 

59" 

7.57711 

7.60934 

7.63933 

7.66739 

7.69375 

7.71859 

1" 

60" 

7.57767 

7.60985 

7.63982 

7.66784 

7.69417 

7.71900 

0" 
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Loff D Los 
0® sin 1* tan* 



Log 

D 

Log 

0® 

sin 

V 

tan* 



• Log cot A •« 0 — log tan A; Log tan A — 0 — log cot A. 
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« 

s 

1 


n 


Sine. 1 1 

3600 

0 

8.241855 

3660 

1 

.24903:1 

8720 

2 

.256l»94 

3780 

3 

.26:1042 

3840 

4 

.269881 

3900 

5 

.276614 1 

3960 

6 

.28:124:1 

4020 

7 

.28977:1 

4080 

8 

.296207 

4140 

9 

.302546 

4200 

10 

.808794 

4280 

11 

8.314954 

4320 

12 

.821027 

4380 

13 

.327016 

4440 

14 

.3:12924 

4500 

15 

.338753 

4560 

16 

.:144504 

4620 

17 1 

.350181 

4680 

18 

355 ('83 

4740 

19 ' 

361315 

4800 

20 

.366777 

4860 

21 

8 3?2171 

4920 

22 

377499 

4980 

23 

382762 

5040 

24 

.887962 

5100 , 

25 

393101 

5160 1 

26 

398179 

5220 

27 

403199 

5280 

28 ! 

.408161 

5340 

29 

.413068 

5400 

30 

.417919 

6460 

31 

8.422717 

6520 

82 

.427462 

5580 

83 

.432156 

5640 

84 

436800 

671^ 

35 

.441394 

5760 

86 

.445941 

6820 

37 

.4.50440 1 

5880 

38 

.454893 

5940 

39 

.459301 

6000 

40 

.463666 ; 

6060 

41 

8.467985 

6120 

42 

.472263 

6180 

43 

.476498 

6240 

44 

.480698 

6300 

45 

.484848 

6860 

46 

.488963 

6420 

47 

.493040 

6480 

48 

.497078 

6540 

49 

.501080 

6600 

60 

.605045 

6660 

51 

8.508974 

6720 

52 

.512887 

6780 

53 

.516726 

6840 

64 

.620551 

6900 


.524343 

6960 

56 

.628102 

7020 

57 

.531828 

7060 

58 

.686528 

7140 

59 

.689186 

7900 

60 

8.542819 

rt 

/ 

Cosine. 


D1*| Cosine. 


.03 

.05 

.03 

.03 

.05 

.03 

03 

,06 

.03 

.05 

.05 
.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 
.05 1 
.05 ' 
.05 
.05 
.06 
.05 
.06 
.05 
.07 
.05 

.05 

.07 

.05 

.05 

.07 

.06 

.07 

.05 

.07 

.07 

.05 

.07 

.07 

.07 

.07 

.05 

.07 

.07 

.07 

.07 

.07 

.08 

.07 

.07 

.07 

.07 

.08 

.07 

.07 

,06 


999929 

999927 

,999925 


,999905 


999897 

.999894 


.999888 

.9998a5 

.999882 

,999879 

999876 

999873 

999870 

999867 

999864 

999861 


999651 


999844 

999841 


999774 


Id VI sine. 


Tang. 

Cotang. 

/ 

8.241921 

11.768079 

60 

.249102 

.750898 

50 

.256165 

.743835 

68 

263115 

.736885 

67 

.269956 

.7:10044 

66 

, .276691 

.723309 

65 

.283323 

.716677 

54 

.289856 

.710144 

53 

.296292 

.703708 

52 

.302634 

.697866 

51 

.308884 

691116 

60 

8.315046 

11.684054 

49 

.821122 

678878 

48 

1 .327114 

.672886 

47 

.833025 

.666975 

46 

.838856 

.661144 

46 

.844610 

.655390 

44 

! .850289 

649711 

43 

1 .355895 

.644105 


i 3614;i0 

638570 

41 

j 366895 

.633106 

40 

! 8.372292 

11.627708 

30 

;i .3^7622 

.622878 

8t 

.382889 

.617111 

37 

.388092 

.611908 

81 

1 393234 

.606766 

85 

1 .398815 

.601686 

84 

1 .408338 

.596662 

81 

! .408304 

.591696 

82 

i .413213 

.686787 

81 

.418068 

.581982 

80 

8.422869 

11.577181 

29 

.427618 

.672882 

28 

.432315 j 

.667685 

27 

.436962 

.663038 

2C 

.441560 

.558440 

2£ 

.446110 

.558890 

24 

.450613 

.649387 

fli 

.455070 

.544980 


• .459481 

.540519 

21 

.463849 

.586151 

2( 

8.468172 

11.581828 

IJ 

.472454 

527546 

11 

.476698 

.628307 

Vi 

.480892 

.519108 

1( 

.485050 

.514960 

15 

489170 

.510680 

1^ 

.493250 

.506760 

19 

.497293 

.502707 

li 

.501298 

.498702 

1 

.506267 

.494738 

11 

8.509900 

11.490800 


.613098 

.486902 

i 

.616961 

.488039 


.620790 

.479210 

( 

624686 

.476414 

I 

.688349 

.471661 


.582080 

.467920 


4 .685779 

.464221 


0 539447 

.460558 


5 8.543084 

n 11.456916 


Cotang. 


/ 




I I 

i 

s 

m 

5 


a 

I 

fl 
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Sino. 

D . r . 

Cosine. 

D . r . I 

Tang. 

B . 1’. 

Cotang. 

t 

8 542819 
.546422 
.549995 
.558539 
.557054 
.560540 
.563999 
.567481 
.570836 
.574214 
.677566 

8,580892 

.584193 

.587469 

.590721 

.593948 

.597162 

.600332 

.603489 

.606623 

.609734 

8.612823 

.616891 

.618987 

.621902 

.624965 

.627948 

.630911 

.633 a 54 

.636776 

.639680 

8.642563 

1 .645428 

1 . W 8274 
.651102 
.653911 
,668702 
.659475 
.662230 
.664968 
.667689 

8.6708 a 3 

.673080 

.675751 

.678405 

.681043 

.683685 

.686272 

.688863 

.691438 

.693998 

8.696548 

.699073 

.701589 

.704090 

.706577 

.709049 

.711507 

.718952 

.716888 

8.718800 

60.05 

59 .55 

59.07 
68.. 58 
68 10 
67 65 

67.20 

56.75 
66.30 
55 87 

55.43 

55.02 
.54.60 
64 20 
63 78 
53.40 
53.00 
52.62 
62 23 
61.85 
51.48 

61.13 

60 77 
50 42 

60.05 
49.72 
49.38 

49.05 
48 70 
48 40 

48.05 

47.75 

47.43 

47.13 
40.82 

46.52 

46.22 
45.92 
45.63 
45.35 

45.07 j 
44.78 
44 52 

44.23 
43 97 
48 70 

48.45 
43.18 
42 92 
42 67 
42.42 

42.17 

41.98 

41.08 

41.45 

41.20 
40.97 

40.75 

40.52 
40.28 

, 9.999735 
i .999131 
.^>99726 
999122 
.999717 
.999713 
.999708 
.999704 
.999699 1 
.999694 
.999689 

9.999685 i 
.999680 
.999075 1 
.999670 
.9 i )9665 
.9!)9660 
.999655 
.999650 
.999645 
.999640 

9.9996 J 35 

.999629 

.999624 

.999619 

.999614 

.999608 

.999003 

.999597 

.999592 

.999586 

9.999581 

.999575 

.999570 

.999564 

.999558 

.999553 

.999547 

.999541 

.999535 

.999529 

9.999524 
.999518 
.999512 
.999506 
.999500 
.999493 
.999487 
! .999481 

.999475 

1 .999469 

9.999463 
.999>456 
! .999450 

! .999448 

.999437 

^ .999481 
.999424 
.999418 
.999411 
i 9.999404 

.07 

.08 

.07 

.08 

.07 

.08 

.07 

.08 

.08 

.08 

.07 

.08 

.08 

.08 

08 

.08 

.08 

.08 

.08 

.08 

.08 

.10 

.08 

.08 

.08 

.10 

.08 

.10 

.08 

.10 

.08 

.10 
.08 
.10 
.10 
,08 
.10 
.10 : 
.10 
.10 1 
.08 ; 

.10 
.10 1 
.10 ' 
.10 i 
.12 
.10 i 
.10 
.10 
.10 
,10 j 

.12 i 
.10 
.12 
.10 
.10 
.12 
.10 
.12 
.12 j 

8 543084 
.546691 
.550268 
..553817 
.,557336 
.560828 
.,564291 
.,567727 
.571137 
.574520 
.577877 ' 

8.581208 

.584514 

.587795 

.591051 

.5942 a 3 

.597492 

.600677 

.603839 

.606978 

.610094 

8.613189 

.616262 

.619313 

.622348 

.625352 

.828340 

.631308 

.634256 

.637184 

.640093 

8.642982 

.645858 

.648704 

.651537 

.654352 

.657149 

.659928 

.662689 

.665433 

.668160 

8.670870 

.673563 

.676289 

.678900 

.681544 

.684172 

.686784 

.689381 

.691963 

.694529 

8.697081 

.699617 

.702189 

.704646 

.707140 

.709618 

.712088 

.714684 

.718972 

8.719396 

60.12 
59 62 

59 15 
68 65 
58.20 
67 72 
57 27 
56 83 
56 38 
55 95 

55.52 

65 10 
54 68 
54 27 
63.87 
6 ;i 48 
53 08 
52 70 
52,82 
51 93 
61 58 

61.22 

60 85 
60.50 

50.15 
49 80 
49 47 
49 13 
48 80 
48.48 

48.16 

47 85 

47.52 
47.22 
46.92 
46.62 
46.32 
46 02 
45.73 
45 45 
45 17 

44 88 
44 60 
44.35 
44.07 

48 80 
43 53 
43 28 
43 03 

42.77 

42.53 

42 27 
42.03 

41.78 
41.57 
41.80 
41.06 
40 86 
40.68 
40.40 

11.456916 

.458309 

.449732 

.446183 

.442664 

.mm 

.435709 

.432273 

.428863 

.425480 

.422123 

11.418792 

.415486 

.412205 

.408949 

.405717 

.402508 

.899323 

.396161 

.393022 

.389906 

11.386811 

.883738 

.880687 

.877667 

.874648 

.871660 

.868892 

.865744 

.862816 

.859907 

11.857018 

. a ’)4147 

.851296 

.348463 

.345648 

.342851 

.340072 

.337311 

.834.’)67 

.831340 

11.829130 

.826487 

.823761 

.821100 

.818456 

.81.5828 

.313216 

.810619 

.308037 

.805471 

11.802919 

.800883 

.297861 

.295854 

.292860 

.290382 

.287917 

.285466 

.288028 

11.280004 

60 

59 

56 

55 

64 

5;i 

52 

51 

50 

49 

48 
47 
46 
45 
44 
43 
42 
41 

49 

39 

38 
37 
86 
35 
34 
33^ 
82 
31 

39 

29 

2 5 
27 

26 
25 
24 
23 
22 
21 
29 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Cosine. 

D . r . 

1 1 Sine. 

D . r . 

1 Cotang. 

1). 1*. 

i Tang. 

$ 
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Sine. 

D. 1-. 

Cosine. 

D. r. 

Tang. 

D. r. 

Cotang. 

/ 

0 

8.718800 

40.07 

39.85 

.39.02 

39.42 

9 9994M 

.10 

.12 

.12 

.10 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

8.719396 

40.17 

39.97 

39.73 

39.52 

11.280604 

60 

1 

.721204 

.999308 

.721806 

.278194 

59 

2 

.723595 

.999391 

.7'24204 

.275796 

58 

3 

.725972 

.999:384 

.72(5588 

.273412 

57 

4 

.728337 

.999:378 

.728959 

.271041 

56 

5 

.730688 

89.18 
88.98 
38 78 
38 55 
38 37 
38.17 
37.95 

.9993^1 

.7:31317 

39.30 

39.10 

.268683 

65 

6 

.733027 

.999304 

.733663 

.266337 

54 

7 

.735354 

.999:357 

.736996 

sales 

38.48 

38.27 

38.08 

.264004 

53 

8 

.737607 

.999:350 

.738317 

.261683 

52 

9 

.739969 

.999343 

.740626 

.259374 

51 

10 

.742259 

.999336 

.742922 

.257078 

50 

11 

8.744530 

37 77 
:37.5r> 

.37 ;37 

37.18 
36 98 
3().H0 
36.60 
:36 43 
36 2:3 
30.07 

9 999.329 

.12 

.12 

.12 

.12 

8.745207 

37 87 
37 68 
37 48 
37.:30 
:37 10 
36 92 
36 73 
36 55 
m 35 
:'i6 18 

11.254793 

49 

12 

.746802 

.999322 

.747479 

.252521 

48 

13 

.749055 

.5)99.315 

.749740 

.250260 

47 

14 

.751297 

.95)9:308 

.7.51989 

.248011 

46 

15 

.753528 

.999301 

.7!>4227 

.24.5773 

46 

16 

.755747 

.5)99294 

.12 

.12 

.13 

.12 

.12 

.13 

.7.5(3453 

.243547 

44 

17 

.757955 

.999287 

.7.58668 

.241:432 

43 

18 

.760151 

.5)99279 

.760872 

.239128> 

42 

19 

.7623:17 

.999272 

.7(53065 

.236935 

41 

20 

.764511 

.999265 

.765246 

.234754 

40 

21 

8.760075 

35.88 
:36.70 
35.52 
35 37 
:35 17 
35.02 
34 83 
34.68 
34 50 
34.;35 

9 999257 

.12 

.1.3 

.12 

.13 

.12 

.1.3 

.12 

.13 

.18 

.13 

8 767417 

3(5 02 
:i5 82 
:i5 65 
35 48 
.35.32 
.35.13 
34 97 
.34 80 
.34 (5.3 
34.47 

ll.232.5a3 

39 

22 

.768828 

.95)92.50 

.765).57'8 

.230422 

38 

23 

.770970 

.95)9242 

.771727 

.228273 

37 

24 

.773101 

.95)5)235 

.77:38(56 

.226134 

86 

25 

.775223 

.5)99227 

.'175995 

.224005 

85 

26 

.7';Y333 

.999220 

.778114 

.221886 

34 

27 

.7794:34 

.5)5)9212 

.780222 

.219778 

83 

28 

.781524 

.95)9205 

.782320 

.217680 

82 

29 

.783605 

.999197 

.784408 

.215592 

31 

30 

.785676 

.999189 

.786486 

.213514 

30 

31 

8.787736 

34 18 
34 02 
33.85 
33 70 
33 .55 
:38.38 
33.25 
33.07 
32.93 
32.78 

9.999181 

.12 

.1:3 

.1:3 

.13 

.13 

IQ 

8.78a5.54 ' 

34 32 
iU 15 
3:] 98 

11.211446 

29 

32 

.789787 

.95)9174 

,790(51:3 

.209387 

28 

33 

.791828 

.999166 

.792062 

.207338 

27 

34 

.798859 

.999158 

.794701 

.205299 

26 

iI5 

.795881 

.999150 

.796731 

Oo rV5 

33 68 
.52 
dii 37 

3:4 22 

34.07 

82.92 

.233269 

25 

36 

.797894 

.999142 

.7987.52 

.201248 

24 

37 

.799897 

.999134 

• lo 
.13 
.13 
.13 
.13 

.800763 

.199237 

28 

38 

.801892 

.999126 

.802705 

.197235 

22 

39 

.803876 

.999118 

.804758 

.195242 

21 

40 

.805852 

.999110 

.806742 

.193258 

20 

41 

8.807819 

32.63 
32.48 
.32.35 
32.20 
32.05 
'31.90 
81.78 
31 .62 
81 ..50 
81.35 

9.999102 

.13 

.13 

.15 

.18 

.13 

.13 

.15 

.13 

.15 

.13 

8 808717 

.32.77 
;42 (5:4 
32.47 
82 33 

11.191283 

19 

42 

.809777 

.999094 

.SI0688 

.189317 

18 

43 

.811726 ' 

.999086 

812641 

.187359 

17 

44 

.813667 

.999077 

SI 4589 

.186411 

16 

45 

.815599 

.9990(39 

.81(5.529 

32.'20 
82.05 
31.90 ; 
.31 78 
31 (53 
81.48 

.183471 

15 

46 

.817522 

.999061 

.818461 

.181539 

14 

47 

.819436 

.99905:3 

,820:384 

.179616 

18 

48 

.821848 

.999044 

.822298 

.177702 

12 

40 

.823240 

.999a36 

,824205 

.175795 

11 

50 

.825130 

.999027 

.820103 

.173897 

10 

51 

8.827011 

81.22 
81.08 
80.97 
80.82 
30.68 
80.55 
80.43 
30 30 
30.18 

9.999019 

.15 

.13 

.15 

.15 

8.827992 

31.37 

81.23 

81.08 

30.97 

11.172008 

9 

52 

.828884 

.999010 

.829874 

.170126 

6 

53 

.a30749 

.999002 

.831748 

.168252 

7 

54 

.832607 

.998993 

.833613 

.166387 

6 

55 

.834456 

.998984 

.835471 

.164529 

5 

56 

.886297 

.998976 

• id 

.15 

.15 

.18 

.16 

.837321 

w.oo 

• 30.70 
80.68 
30.45 
30.82 

.162679 

4 

.57 

.838180 

.998967 

.839108 

.160887 

8 

58 

59 

.839056 
: .841774 

.998958 

.998050 

.840098 

.842826 

.159002 

.167175 

2 

1 

60 

8.848585 

9.998941 

8.B44644 

11.156866 

0 

/ 

1 Cosine. 

1 D. r. 

Sine. 

D. r. 

1 Cotang. ! 

D. r. 

Tang. 

/ 
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LOGARITHMIC SINKS, COSINES, TANS AND COTANS. 175® 


11 8 863014 

12 .864738 

13 .866465 

14 868165 

15 .869808 

16 .871505 

17 . 87:^255 

18 .874938 

19 .876015 
.878285 


Cosine. 

D. r. 

Tang. 

D. 1'. 

Cotang, 

/ 

9.998941 

.15 

.15 

8 844644 

18 
30.08 
29 95 
25) 82 
29 70 
29 58 
29 47 
29 :45 
,2!) 23 
25) 12 
25) 00 

11.155856 

60 

9989:42 

.846455 

.153546 

59 

.998923 

.848260 

.151740 

58 

998914 


.850057 

.149943 

67 

.998905 

.15 

.851846 

.148154 

56 

.998896 

15 

.15 

.15 

.15 

.15 

.15 

.17 

.853628 

.146372 

55 

.9 t )8887 

.85540:4 

.144597 

54 

.998878 

.857171 

.142829 

53 

.998809 

1 .998860 

.858932 

.860686 

.141068 

.139314 

52 

51 

.998851 

.8624:43 

.137.567 

50 

9.998841 


8 864173 

28.88 
28 77 
28 65 
28 .55 
28.43 
28 32 
28 22 
28 12 
28 ( K ) 
27 88 

11 135827 

49 

.998832 

.998823 

!i5 

.17 

.15 

.15 

.17 

.865906 

.867 G : i 2 

i :34094 

1:32.368 

48 

47 

.998813 

869:451 

.1.30649 

46 

.998801 

.8710(4 

.128936 

45 

.998795 

.872750 

.127230 

44 

998785 

.874469 

125531 

4.3 

998770 

.15 

.8761(52 

12.3838 

42 

.998766 

.17 

.15 

.17 

.87784!) 

1221.51 

41 

.998757 

879529 

.120471 

40 

9.998747 


8 881202 


11 118798 

.39 

998738 

15 

.17 

*1 

.882869 

fSi in 

27 68 
27 58 

.117131 

38 

998728 

1 .884530 

115470 

37 

.998718 

.1 i 

.17 

15 

.17 

•r 

.886185 

113815 

36 

,95)8708 

! .8878:43 

27 :48 

.112167 

35 

.998699 

.889476 

.110.524 

34 

.998689 

.891112 


.108888 

33 

.998679 

.892742 

27 07 
26 97 
26.87 

.107258 

32 

.998609 

.894366 

.105634 

31 

.998059 

; l 7 I 

.895984 

.104016 

30 

9 95)8619 

1 

.17 i 

8 897590 

26 78 
26 67 
26 .58 
26 48 
26 38 
26 28 
26 20 
26 10 
26 02 
25 92 

11 102404 

29 

95)8639 

.895)20:4 

.100797 

28 

.998625) 

.17 j 

■Ir 1 

.!)0080:4 

.099197 

27 

95)8619 

.902398 ' 

.097002 

26 

.5)98609 

.'17 1 
.17 
.18 
.17 1 

.903987 ^ 

.096013 

25 

.998599 

.905570 

.0944:30 

24 

.998589 

.907147 

.092353 

23 

.996578 

.908719 

.091281 

22 

.998568 

.910285 

089715 

21 

.95)8558 

.17 

.911846 

088154 

|20 

9.99 a 548 

.18 
.17 ! 

. .18 1 
.17 
.18 1 
.17 
.18 
.17 
.18 
.18 1 

8 913401 

25 83 

11 080599 

' 19 

.9965:47 

!)1 45)51 

.085049 

18 

.998527 

.91645 K 5 

25 63 
25 57 

.08.3505 

17 

.998516 

.918031 

.081966 

16 

.99 a 506 

.919568 

25'47 
25 ;48 
25 28 

.080432 

15 

.998495 

.92105)6 

.078904 

14 

.998485 

.922619 

.077881 

13 

.998474 

.924136 

.075864 

12 

.998464 

.925645) 

2 r . 12 

25 0:4 

.074351 

1 11 

.998453 

.927156 

072844 

10 

9.998442 ' 

.18 1 
.17 1 
.18 
.18 I 
.18 
.18 ; 

8 9286,58 

24.95 
SM 87 
24 .'8 
24.70 
24.62 
24 53 
24.46 
24.:47 
24.30 

11.071842 

9 

: .95)8481 1 

.9301,55 

.069846 

8 

.998421 1 

.931647 

.068358 

7 

.998410 

.9381:44 

.066866 

6 

.998399 

.984616 

.065384 

5 

! .998388 

.936093 

.063907 

4 

I .998377 

.937565 

.062485 

3 

.998306 1 

.18 ; 
.18 ! 
.18 

.939032 

.060968 

2 

.998855 

.940494 

.659506 

1 

9.998344 | 

8.941952 

11.058048 

0 

81ne. 

D.r. 

i Cotang. 

D.r 

Tang. * 
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' , Sine. 

D. 1-. II 

Cosine. 

D. r. 

Tang. 

D.r. 1 

1 

Cotang. 


0 ' 

1 

2 

8 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
3 ;i 
34 
aj 
86 

37 

38 

39 

40 

41 

42 
4 ;i 

44 

45 

46 

47 

48 

49 

50 

51 

52 
63 

54 

55 

56 

57 

58 

59 

60 

6.940206 

. W 1738 

.943174 

.944(506 

.946014 

.9474.56 

.948874 

.950287 

.951696 

.958100 

.954499 

8.95.5894 

.957284 

.958670 

.960052 

.961429 

,962801 

.964170 

.96,5534 

.966893 

.9(58249 

8.909600 

.970947 

972289 

.973628 

.974962 

.976293 

.977619 

.978941 

.980259 

.981573 

8.98288:1 

.984189 

.9^5491 

.986789 

.988083 

.989374 

.990660 

.991943 

.993222 

.994497 

8 995768 
9970: i 6 
.998299 
8 999.5(50 
9.000816 
.002069 
.001318 
.0045(5:1 
.005805 
.007044 

9.008278 

.0( K )510 

.0107:17 

.011962 

.013182 

.014400 

.015618 

.016824 

.018031 

9.010235 

24.03 ' 
23 93 1 
21.87 
23.80 

23 70 1 
23.63 i 
23 55 , 
23.48 i 
23.40 
28.32 
23.25 

21.17 
23.10 
23.08 
22 95 
22 87 
22 82 
22 73 
22 65 
22 GO 
22 52 

22 45 
22.: i 7 
22 32 
22 21 
22 18 
22 10 
22 U:i 
21 97 
21 90 
21.83 

21 77 
21 72 
21 (5:1 
21 57 
21.52 
21 43 
21 38 
21 32 
21 25 
21 IS 

21 . ri 

21.05 
21 02 
‘20 93 
20 88 
20 82 
20 75 
20 70 
20.(55 
20.57 

20 53 
20 45 
20.42 
20.33 
20.30 
20.22 
20.18 
20.12 
20.07 

9.998344 

.9983 a 3 

.998322 

.998311 

.998300 

.998289 

.998277 

.998266 

.998255 

.998243 

.998232 

g 998220 
.998209 
.998197 
.998186 
.998174 
.998163 
.998151 
.998139 
.998128 
.998116 

9.998104 
.998092 
.998080 
.998068 
.998056 
.998044 
.998 a 32 
.998020 
.998008 
.997996 
9.997984 
.997912 
.997959 
.997047 
.9979 a 5 
.997922 
.997910 
.997897 
.997885 
i .997872 

9.997860 

.997847 

.9978 a 5 

.997822 

.997809 

.997797 

.997784 

.997771 

.997758 

.997745 

9.997732 

.997719 

.997706 

.997693 

.997680 

.997667 

.997654 

.997641 

.997628 

9.907614 

.18 ' 
.18 
.18 
.18 
.18 
.20 
.18 ’ 
.18 ' 
.20 1 
.18 
.20 
.18 
.‘20 
.18 
.20 
.18 
.‘20 
.20 
.18 
.20 
.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

22 

.20 

.‘20 

.22 

.20 

.22 

.20 

.22 

.20 

.22 

.20 

.22 

.‘22 

.20 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.23 

8 941952 
943404 
.944852 
.946295 

. 9477:34 

.949168 

.950597 

.952021 

953441 

.954856 

.956267 

8.957674 
.959075 
.960473 
.961866 
.963255 
.964639 
.966019 
.967394 
.968766 
j .970133 
8.971496 

1 .972855 
: .974209 

1 .9755()0 
: .97(’)9()6 

1 .978248 

. 97958(5 
.980921 
.982251 
.988577 
8.984899 
.986217 
.987532 
.988842 
.990149 
.991451 
.992750 
.994045 
.9 m 37 
.996624 

8.997908 
H m )9188 
9.000465 
.0017:38 

. 00:3007 

.004272 

.005534 

.006792 

.008047 

.009298 

9.010546 

.011790 

.013031 

.014268 

.015602 

.016782 

.017969 

.019188 

.02( M 03 

9.021620 

24.20 

24.13 

24.06 

23 98 

23 90 
23.82 
23.73 
23.67 
23.58 
23 52 
23.45 

23.85 
23.30 
2*3 22 
23.15 

23.07 
23 00 
22 92 
22 87 
22 78 

22.72 

22 65 
22.. 57 

22.52 
22 48 
22.37 
22 30 
22.25 
22.17 
22 10 

22.03 

21 97 
*21 92 
21.83 
21.78 
21.70 
21.65 
21.68 

21.53 

21.45 

21.40 

21.83 
21.28 
21 .22 
21 15 
21 08 

21.03 
20.97 
20.92 
20.85 
20.80 

20.73 
20 68 
20.62 
20 57 
20.50 

20.45 

20.40 

20.83 
20.28 

11.068048 

.056596 

.055148 

.053705 

.052266 

.050832 

.049403 

.047979 

.046659 

.045144 

.0437 a 3 

11.042826 

.0409‘25 

.039527 

.038134 

.036745 

.035361 

.033981 

.032606 

.031234 

.029867 

11.028504 

.027145 

.025791 

.024440 

.023094 

.021752 

.020414 

.019079 

.017749 

.016428 

11.015101 

.013783 

.0 J 2468 

.011158 

.009851 

.008549 

.007250 

.005955 

.004663 

.003376 

11 002092 
11 000812 
10.999535 
.998262 
.996993 
.995728 
.994466 
.993208 
.991958 
.990702 

10.989454 

.988210 

.986969 

.985782 

.984498 

.988268 

.982041 

.980817 

.979597 

10.978880 

60 

59 

58 

57 

56 

65 

64 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

89 

38 

37 

86 

35 

34 

5 3 
82 
81 
80 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 
16 
15 
14 

18 
12 
11 
10 

9 

8 

7 

6 

6 

4 

3 

2 

1 

0 

/ 

Ck)Bine. 

D. r. 

Sine. 

D. r. 

Cotang. 

D. r. 

Tang. 



95 ° 


.[143(i] 


$ 4 ° 



4® LOQABITHMIC SINES, COBINES, TANS AND COTANS. 178” 

' I Sine. I D.r. || CJosIne. I D.l'. || Tang. I D. 1*. I Cotang. I ' 


0 9.019235 

1 .020485 

2 .021632 

3 .022825 

4 024016 

6 .02520:1 

6 .026386 

7 .027567 

8 .028744 

9 .029918 

10 .031089 

11 9.082257 

12 .083421 

13 .084582 

14 .035741 

15 .088896 

16 .038048 

17 .089197 

18 .040342 

19 .041485 

20 .042625 

21 9.043762 

22 .044895 

23 .040026 

24 .047154 

25 .048279 

26 .049400 

27 .050519 

28 .051635 

29 .052749 

80 .058859 

81 9.054966 

82 .056071 

83 .057172 

34 .058271 

85 .059367 

86 . 060460 

87 .061551 

88 .062639 

89 .063724 

40 .064806 

41 9.065885 

42 .066902 

4:1 .068030 

44 .069107 

45 .070176 

46 .071242 

47 .072306 

48 .073300 

49 .074424 

50 .075480 

61 9.076538 

62 .077583 

53 .078681 

64 .079676 

65 .080719 

66 .081759 

57 .062797 

68 .083832 

59 .084804 

60 9 085894 


10.978880 60 
.977166 59 
.976956 58 

.974749 67 

.978545 
.972845 
.971148 
.969954 
.968763 
.967675 51 

.966391 50 

10.965209 49 
.964031 48 

.962856 47 
.961684 46 

.960515 45 

.959349 44 
.958187 43 

.957027 42 

.955870 41 

.954716 40 

10.953566 39 
.952418 88 

.9512r3 87 
.950131 36 

.948992 85 

.947856 34 
.94072:1 83 
.945593 32 

.944405 81 
.943341 30 

10.942219 29 


.941100 

28 

.939984 

2? 

.988870 

2( 

.937760 

2£ 

.986652 ' 

2^ 

.935547 

2i 

.934444 

2i 

.933.345 

2] 

.932248 

2( 

10.9311.54 

15 

.9.30062 

If 

.928973 

V 


.927887 1( 
.926803 1! 
.925722 1- 
.924644 i: 
.923568 1' 

.922495 1 
.921424 11 


D. 1*. !1 Cotang. \ D. r. 


rT43r.1 
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* 

Sine. 

D.r. 

Cosine. | 

D. 1'. 

Tang, 

D. 1*. 

Cotang. 

/ 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
• 16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
82 

33 

34 

35 

36 
87 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
60 

51 

52 

53 

54 

55 

56 

57 

58 
69 
60 

9.085894 

.086622 

.087947 

.088970 

.089990 

.091008 

.092024 

.0930;i7 

.094047 

.095a56 

.096002 

9.097065 

.098066 

.099065 

.100062 

.101056 

.102048 

.103037 

.104025 

.105010 

.105992 

9.106973 

.107951 

.108927 

.109901 

.110873 

.111842 

.112809 

.113774 

.114737 

.115698 

9.1166i6 1 
.117613 
.118567 
.119519 
.120469 
.121417 
.122362 
.123306 
.124248 
.125187 

9.126125 

.127060 

.127993 

.128926 

.129854 

.130781 

.131706 

.132630 

.183551 

.134470 

9.135387 

.136303 

.137216 

.138128 

.139a37 

.139944 

.140850 

.141754 

.1426.55 

9.148655 

17.13 i 
17.08 1 
17.05 
17.00 

16.97 
16.93 
16.88 , 
16 83 ; 
16.82 
16.77 

16.72 

16.68 

16.65 

16.62 

16 67 

16.53 
16.48 

16.47 ! 

16.42 1 
16 37 1 
16.35 j 
16 .30 1 
16 27 , 
16.23 
1(5.20 

16.15 
16.12 
16 08 
16.85 
16 02 

15.97 

15 95 
15.90 
15 87 
15.83 
15 80 
15.75 

15.73 
15.70 
16.65 
15.63 

15.. 58 

15.. 55 

15.53 

15.48 
15.46 

15.42 
15 40 
15 35 
15 .32 
15 28 

16.27 
15 22 , 
15.20 ' 

15.16 
16.12 
16.10 
16.07 
16.02 
15.00 

9.996751 

.996735 

.996720 

.996704 

.996688 

.996673 

.996657 

.996641 

.996626 

.996610 

.996594 

9.996578 

.996562 

.996546 

.996530 

.996.514 

.996498 

.996482 

.996485 

.996449 

.996433 

9.996417 

.996400 

.996384 

.996368 

.996851 

.096385 

.996318 

.996.302 

.996285 

.996269 

9.996252 

.996235 

.996219 

.996202 

.996185 

.996168 

.996151 

.996184 

.996117 

.996100 

9.996083 

.99(K)66 

.99(1049 

.996032 

.996016 

.995998 

.995980 

.995963 

,.995946 

.995928 

0 995911 
.995894 
.995876 
.99.5859 
.995W1 
.995823 
.996806 
.996788 
.996771 
9.995753 

.27 

.26 

.27 

.27 

.25 

.27 

.27 

.27 

.25 

.27 

.27 

.27 

.27 

.27 

.27 

.27 

.27 

.28 

.27 

.27 

.27 

.28 

.27 

.27 

.28 

.27 

.28 

.27 

.28 

.27 

.28 

.28 

.27 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 
.28 
.28 
.28 
.28 
.30 
.28 
.28 
.30 1 
.28 
.28 1 
.80 
.28 
.80 
.30 
.28 
.80 
.28 
.80 

,1 

9.089144 

.090187 

.091228 

.092266 

.093302 

.094336 

.095367 

.096395 

.097422 

.098446 

.099468 

9.100487 

.101504 

.102519 

.103632 

.1046*12 

.106550 

.106556 

.107559 

.108560 

.109559 

9.110556 

.111551 

.112543 

.113583 

.114521 

.115507 

.116491 

.117472 

.118452 

.119429 

9 120404 
.1213^7 
.122348 
.123317 
.124284 
.125249 
.126211 
.127172 
.128130 
.129087 

9.130041 
.130994 
.131944 
.132893 
.133880 
.1»4784 
.IBS’; 26 
.136667 
.137605 
.138542 

9.139476 
.140409 
.141340 
.142269 
.143196 
.144121 
.146044 
.145966 
.1468a5 
! 9.147803 

17.38 

17.85 

17.80 

17.27 
17.23 
17.18 
17.18 
17 12 

17.07 

17.03 
16.98 

16.96 
16.92 
16.88 
16 83 

16.80 

16.77 
16.72 
16.68 
16.66 
16.62 

16.58 

16.53 

16.50 

16.47 
16 43 
16 40 
16.35 

16.83 

16.28 
16.25 

16.22 
16 18 
16.15 
16.12 

16.08 

16.03 
16.02 

15.97 
15.95 
15.90 

15.88 

15.83 
15 82 

15.77 
15. ';5 
15 70 
15.68 
16.63 
15.62 
15 67 

15.55 

15.52 

15.48 
15.45 
15.42 
15.38 
15.37 
15.82 
16.30 

10.910856 

.909813 

.908772 

.907734 

„g06698 

.905664 

.904633 

.903605 

.902578 

.901554 

.900532 

10.899618 

.898496 

.897481 

.896468 

.896458 

.894450 

.893444 

.892441 

.891440 

.890441 

10.889444 

.888449 

.887457 

.886467 

.885479 

.884493 

.888509 

.882528 

.881548 

.880671 

10.879696 

.878628 

.877652 

.876683 

.876716 

.874761 

.873789 

.872828 

.871870 

.870913 

10.869959 

.869006 

.868056 

.867107 

.866161 

.865216 

.864274 

.863338 

.8623a5 

.861458 

10.860524 

.859591 

.858660 

.857781 

.a56804 

.a55879 

.854956 

.854084 

.858115 

10.862197 

60 

59 

58 

67 

56 

65 

54 

53 

52 

61 . 
50 

49 

48 

47 
46 
45 
44 

48 
42 
41 
40 

89 

38 

87 

36 

35 

84 

53 
32 
81 
80 

29 

28 

27 
26 
25 
24 

28 
22 
21 
20 

19 

18 

17 
16 
15 
14 

18 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


Cosine. 

1 D. r. 

1 ! Sine. 

1 D. r. 

Cutang. 

D. 1’. 

Tang. 

/ 


^3 


97 ^ 


£14383 
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8 ® LOGARITHMIC SINES, COSINES, TANS AND OOTANS, 171 * 
' 1 Sine. 1 D. r. II Cosine. | D 1*. I| Tang. | D. 1'. | Cotang. | ' 


9.178900 
.179?^ 
.180551 
.181374 
.182196 
.183016 
.183834 
.184651 
.ia')466 
.186280 

9.187092 
.187903 
.188712 
.189519 
.190325 
.191130 

57 .191938 

58 .192734 

59 .193534 


I 9 995372 
' ,995358 

! .995334 

.995816 
i .995297 
I .995278 
i .995260 
i .995241 
.995222 
j .995203 


9.1478a3 
I .148718 
I .149632 
I .150544 
1 .151454 
1 .15286:1 
1 .158269 
1 .154174 

.15.5077 
.155978 
.156877 


10.852197 

60 

.a51282 

59 

.850:i68 

58 

84tM56 i 

57 

.84^546 

56 

.8476:^7 

55 

.S16731 

54 

.845826 

53 

.84492:1 

52 

.844022 

51 

.843123 

50 

10.842225 

49 

.841329 

48 

.840485 

47 

.839543 

46 

.838653 

45 

.837764 

44 

.836877 

43 

.8:i5992 

42 

.335108 

41 

.834226 

40 

10 8:13346 : 

39 

.832468 ! 

38 

.831591 

37 

.830716 . 

36 

.829843 , 

35 

.828971 , 

34 

.828101 1 

38 

827233 

82 

.826366 ' 

31 

.825501 

30 

10 824638 

29 

.828776 ! 

28 

.822916 

27 

.822058 

26 

.821201 1 

25 

.820845 

24 

.819492 , 

23 

.818640 ' 

22 

.817789 

21 

.816941 

20 

10.818093 

19 

.815248 ' 

18 

.814403 

17 

.813561 

16 

.812720 

15 

.811880 1 

14 

.811042 

13 

.810206 

12 

.809371 

11 

.808538 , 

10 

10.807706 ' 

9 

.800876 

8 

.800047 

7 

.805220 

1 6 

.804394 

5 

.803570 

4 

.802747 

3 

.8019215 

2 

.801106 

1 1 

10 800287 

1 0 

Tang. 

i f 


m 


ru3ft 


81 



SSaS^SS;;^gS2 S: 


9 ° LOGARITHMK.’ SINES, COSlNKS, TAJIS AND (JOTANS. 170® 


Sine. 


0 

1 

2 

3 

4 

5 


8 

9 

10 


11 

12 

18 

14 


15 

16 


17 

18 
19 


9.194382 

.195129 

.195925 

.196719 

.197511 

.198302 

.199091 

.199879 


.200666 

.201451 

.202234 


9.208017 
.208797 
.204577 
.2a>i54 
.206131 
.206906 
.2(1; 679 
.20W52 
.209222 
.209992 


9.210760 

.211526 

.212^*91 

.213055 

.218818 

.214579 

.2153.‘i8 

.216097 

.216854 

.217609 

9.218368 

.219116 

.219868 

.220618 

.221367 

.222115 

.222861 

.223606 

.224019 

.225092 


.226573 

.227311 


.2287M 

.229518 

.230252 

.280984 

.231715 

.232444 


.236073 

.286795 

.287515 


9.289670 


' 1 Cosine. 


D. r. , 


13 28 
13. 2(' 
13.28 
13.20 
18.18 
13.15 
13.13 

13.12 
13.08 
13.05 
13.05 

13.00 
13 00 
12.95 

12.95 
12.92 
12.88 
12.88 
12.83 
12 83 
12.80 

12.77 
12.75 
12.73 
12.72 
12.68 
12.65 
12.65 
12.62 
12.58 
12.57 
12.55 
12 53 
12.50 
12 48 
12.47 
12.43 
12.42 
12 38 
12.38 
12.35 
12.33 
12.30 
12 28 
12 27 
12.23 
12.23 
12 20 
12 18 
12 15 

12.13 
12 12 
12.10 
12 07 
12.07 
12 a3 

12.00 
12.00 
11.97 

11.95 


1 D. r. 


Cosine. | 

D.r. ! 

Tang. 

D.1-. j 

Cotang. 


9 99-1620 


9 199718 

13 60 
13.60 
13 57 
13.53 
13 52 
13.50 
13.47 
13.45 
13.43 
13 40 
i3.87 

10.800287 

60 

.994600 

.33 

*:>o 

.200529 

' .799471 

59 

.994580 

.66 1 
.3:1 1 
.83 ! 
.36 : 
.33 1 
.3:1 ! 

.33 

.35 

.33 

.33 

.201345 

.798655 

58 

.994560 

.202159 

.797841 

67 

.994540 

.202971 

.797029 


.994619 

.203782 

.796218 

65 

, .994499 

.204592 

.795408 

54 

1 .994479 

.205400 

.794600 

53 

1 .994459 

.206207 

.793793 

52 

1 .994438 

.207013 

.792987 

51 

1 .994418 

.207817 

.792183 

60 

9 994398 

.35 

9.208619 

13.35 
13 as 
13.30 
13 28 
13.27 
13.23 
13 22 
13.18 
13 18 
13.13 

10.791381 

49 

1 .994177 

.209420 

.790580 

48 

! .994357 

.33 

.35 

.210220 

.789780 

47 

.994336 

.211018 

.788982 

46 

.994316 

.66 

.:15 

.35 

.211815 

.788185 

46 

.994295 

.212611 

.787389 

44 

.994274 

.213405 

.786595 

43 

1 .994254 

.00 

.35 

.35 

.35 

.214198 

.785802 

42 

! .994233 

214989 

.785011 

41 

] .994212 

.215780 

.784220 

40 

! 9.994191 


1 9'.216568 

13 13 
13.10 
13.07 
13 07 
13 03 
18 00 
13 00 
12 97 
12 95 
12.92 

10.783482 

89 

1 .994171 

33 

’.35 

.35 

.:35 

.35 

.:i5 

.:i5 

.35 

.35 

.35 

.217356 

.782644 

38 

! .994150 

' .218142 

.781858 

87 

.994129 

' .218926 

.781074 

86 

i .994108 

1 .219710 

.780290 

85 

1 .994087 

1 .230492 

.779508 

84 

.994066 

! .221272 

.778?28 

83 

1 .994045 

.222062 

77948 

32 

, .994024 

.222830 

.777170 

81 

1 994003 

.228607 

.776393 

80 

9 993982 

.37 

.35 

.35 

OK 

9.224382 

12 90 
12.88 
12 85 
12.85 
12.80 
12 80 
12 77 
12.77 
12.72 
12. ?2 

10.775618 

29 

1 .993960 

.225156 

.774844 

28 

, .993939 

.225929 

.Tr4071 

27 

' .993918 

.226700 

.773300 

26 

: .993897 

.60 

.87 

.35 

.37 

.227471 

.772529 

25 

' .993875 

.228239 

.771761 

24 

; .993854 

.229007 

.770993 

23 

.9938:12 

.229773 

.770227 

22 

1 .ran 

.35 1 
.;i7 ! 

.35 

.230539 

.769461 

21 

1 .993789 

.231802 

.768698 

20 

i 9.993768 

.37 

.35 

.87 

.37 

QK 1 

9.282065 

12 68 

12.67 
12.65 
12.63 
12.60 

12.68 
12 57 
12.53 
12.53 
12.50 

10.767985 

19 

.993746 

.2:12826 

.767174 

18 

.993725 

.23:1586 

.766414 

17 

.993703 

.234:145 

.765655 

16 

.993681 

.235103 

.764897 

15 

.993660 

.6b 

.37 

.37 

.37 

.37 

.37 

.235859 

.764141 

14 

! .993638 

.236614 

.768386 

13 

; .993616 

.237368 

.762682 

12 

1 .993594 

.288120 

.761880 

11 

! .993572 

.2388?2 

.761128 

10 

! 9.993550 

.37 

.37 

.37 

.87 

.37 

.87 

.37 

9.239622 

12.48 

12.45 

12.45 

12.42 

12.40 

12.38 

12.87 

i2.as 

12.33 

10.760878 

9 

.99:1528 

.&40371 

.759629 

8 

.99,3506 

.241118 

.758882 

7 

.993184 

.993462 

.993440 

.241865 

.242610 

.243854 

.758136 

.757390 

.756648 

6 

5 

4 

993418 

.993396 

.244097 

.244839 

.755908 

.755161 

3 

2 

.993374 

.37 

.38 

.245579 

.754421 

1 

9.093351 

1 9 246819 

10.753681 

0 

i Sine, 

"dTtT 

i Cotang. 

D. r. 

Tang. 

/ 


99® 


[143 m] 


89 * 
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10 ® LOGARITHMIC SINES, COSINES, TANS AND COTANS. 109 ® 


D. 1'. 


9.239670 


.241101 

.241814 

.242526 

.2432;i? 

.243947 

.2146.56 

.245.36:1 

.246069 

.246775 

9.247478 

.248181 


.253067 

.253761 

9.254453 

.255144 


.257211 

.257898 

.26a583 


9.261314 

.261994 

.262618 


.264027 

.284703 

.266877 

.266051 

.266723 


9.268065 

,268784 


.270735 

.271400 

.272064 

.272 T 26 


.274049 

9.274708 

.276867 


.277887 

.277991 

.278645 


.279948 

9.280599 


Cosine. 


11 93 
11.92 
11.88 

11.87 
11 H 5 
11. a3 
11.82 
11.78 
11.77 
11.77 
11.72 
11.72 
11.70 
11.67 
11.65 
11.63 
11.62 
11 60 
11.57 
11 .57 
11.53 
11.52 
11.50 
11 48 
11.47 
11.45 
11.42 
11.42 

11.88 

11.87 

11.85 

11.88 
11.32 
11.80 
11.27 
11.27 

11.23 

11.23 
11.20 
11,20 
11.17 
11.15 
11.13 
11.12 
11.10 
11.08 
11.07 
11.03 
11.03 
11.02 
10 98 
10.98 

10.97 

10.98 
10.98 
10.90 
10.90 
10.87 

10.86 

10.85 


Cosine. 


.993284 

.998262 


.998217 

.998195 

.993172 

.99.3149 

.993127 

>.993104 

.998081 


.993086 

.003013 

.9929( K ) 

.992967 

.992944 

.992921 


9.992875 

.992852 


.992783 

. J »927.59 

.992786 

.992718 


.992666 


.992596 

.992572 

.992,549 


.992501 

.992478 


.992859 

.9923:» 

.992811 


.991971 

9.991947 


D. r. II Sine, i J).l\ 


Tang. 


9.246319 

.24m57 

.247794 

.248530 


.249998 

.250730 

.251461 

.252191 

.2.5292(1 

.253648 

9.254374 

.25.5100 


.256547 

.257269 

.267990 

.258710 

.250429 

.260146 

.260863 

9.261578 


D, 1'. Cotang. 


.268005 

.263717 

.264428 

.265138 

.266847 


.267261 

.267967 

9.268671 


.270077 

.270779 

.271479 

.272178 

.272876 

.27:1573 

.274269 

.274964 

>.275658 

.276351 

.277043 

.277784 

.278424 

.279113 

.279801 

.280488 

.281174 


.287301 

.287977 

0.288662 


Ootang. 


12.30 

12.28 

12.27 

12.23 

12.23 

12.20 

12.18 

12.17 

12.15 

12.13 

12.10 

12 10 
12.07 
12 05 
12 03 
12.02 
12.00 
11.98 
11.05 
11 95 
11.92 

11.90 

11.88 

11.87 
11.05 

11. as 
11 82 
11.80 
11.77 

11.77 
11.73 

11.78 
11.70 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
11 58 
11.57 

11 65 
11.63 
11.52 
11.60 
11.48 
11.47 
11.45 
11.43 
11 40 
11.40 

11.88 
11.37 
11.35 
11.83 
11.82 
11 28 
11.28 
11.27 
11.25 


10.7^681 

.752943 

.7.52206 

.751470 

.7.507:16 

.750002 

.749270 


.747809 

.747080 

.746352 

10.745626 

.744900 

.744176 

.743453 

.742731 

.742010 

.741290 

.740571 

.739854 

.789137 

10.738422 

.787708 


.735572 


.731158 

.738446 

.732739 


10.731829 

.780625 


D.r. 


.728521 

.727822 

.727124 

.726427 

.725731 

.725086 

10.724842 

.72:1649 

.7229.57 


.721576 

.720887 

.720199 

.719512 

.718826 

.718142 

10.717468 

.716775 

.716093 

.715412 

.714782 

714068 

.718876 


.712028 

10.711348 


Tang. 


100 ® 


[143 r] 
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11® LOGARITHMIC! SINES, COSINES, TANS AND COTANS. 168® 


* j Sine. 

1 

D. V. 

Cosine. 

D.r. 1 

Tang, 

1 

D. 1*. 

Cotang. 

/ 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
.10 

ir 

18 

19 

20 

21 

22 

23 

S4 

25 

26 

27 

28 
29 
80 

81 

82 

83 

34 

85 

86 

87 

88 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
60 

51 

52 

53 

54 
65 

56 

57 
68 

59 

60 

9.280599 

.281248 

.281897 

.282544 

.283190 

.2&38:i(i 

.284480 

.285124 

.285766 

.286408 

.287048 

9.287688 

.288326 

.288964 

.289600 

.290236 

.290870 

.291504 

.292137 

.292768 

.293399 

9.294029 

.294658 

.295286 

.296913 

.296539 

.297164 

.297788 

.298412 

.299034 

.299655 

9.300276 

.800895 

.801514 

.802132 

.802748 

.303304 

.sosoig 

.304593 

.305207 

.805819 

9.806430 

.307041 

.807050 

.308259 

.808867 

.809474 

.810080 

.810685 

.811289 

.811893 

9.812495 

.313097 

.313698 

.314297 

.314897 

.316495 

.316092 

.316689 

.817284 

9.817879 

10 82 
10.82 

10 78 
10.77 

10 77 

10 7:1 

10 73 

10 70 
10 70 
10 67 
10.67 

10 63 
10 68 
10 60 
10 60 
10 57 
10 57 
10 55 
10 52 
10 52 
10 50 

10 48 
10 47 
10.45 
10 43 
10 42 
10 40 
10.40 
10.37 
10 35 
10.35 

10 32 
10 32 
10.30 
10 27 
10 27 
10 25 
10 23 
10 23 
10 20 
10.18 

10.18 
10 15 
10.15 
10 13 
10 12 
10.10 
10 08 
10.07 

10.07 

10.08 
10.08 
10.02 

9 98 
.10.00 
9.97 
9.95 
9.95 
9.92 
9.92 

9.991947 

.991922 

.991897 

991873 

.991848 

.991823 

.991799 

.991774 

.991749 

991724 

.991699 

9 991674 
.991649 
.991621 
.991599 
991574 

1 991549 

! .991524 
.991498 
.991473 

1 .991448 
9.991422 
! .991397 
i .991872 
‘ .991.316 
.991.321 
.991295 
.991270 
.991244 
.991218 
.991193 

9.991167 
.991141 
.991115 
.991090 
.991064 
i .991088 

1 .991012 

.990986 
990960 
.990934 

9 990908 
! .990882 

1 .990a55 
.990829 
.990803 
.990777 
.990760 
.990724 
.990697 
.990671 

9.990646 

1 .990018 
.990591 
.990565 
.990588 
.990511 
.990485 
.990458 
« 990431 
9.990404 

.42 
.42 
.40 
.42 1 
.42 i 
.40 j 
.42 
.42 ! 
42 1 
.42 
.42 

.42 

42 

.42 1 
.42 
.42 1 
.42 ' 
.43 
.42 
.42 
.43 

.42 

.42 

.43 

.42 

.43 

.42 

.43 

.43 

.42 

.43 

43 
.43 
.42 
.43 

43 

.43 

.43 

.48 

.43 

.43 

.43 

.45 

.43 

.43 

.43 

.45 

.43 

.46 

.48 

.43 

.45 

.45 

.43 

.45 

.45 

.43 

.45 

.45 

.45 

9 288652 
.289326 
.289999 
290671 
.291342 
.292013 
.292682 
.293350 
.294017 
.294684 
.295349 

9.296013 
.296677 
.2973:19 
.298001 
.298662 
.299322 
.299980 
.300638 
..301295 
.301951 
9.802607 
..303261 
.30:39] 4 
.804567 
.305218 
.305869 
.306519 
.807108 
.807816 
.308463 

9.309109 

.809754 

.310899 

.311042 

.311685 

.812327 

.312968 

.313608 

.814247 

.314885 

0.315523 

.316159 

.316795 

.817430 

.818064 

.818697 

819330 

.319961 

.320592 

.821222 

9.3218.51 
.322479 
.323106 
.823733 
.824358 
.324983 
. .825607 
.826231 

1 .326853 

i 9.327475 

11 23 1 
11 22 ! 
11.20 

11 18 

11 18 
11.15 

11 13 

11 12 
11.12 

11 

11 07 

11.07 

11 03 

11 03 
11.02 
11 00 
10 97 
10 97 
10 95 
10 93 
10 93 

10 90 
10 88 
10 88 
10 85 
10 85 
10.83 
10 82 
10.80 
10.78 
10 77 

10 75 
10 75 
10 ?2 
10.72 
10 70 
10 68 
10.67 

10.65 
10.63 
10.63 

10 60 
10 60 
10..58 
10.57 

10.66 
10.65 
10.52 
10.52 
10.60 
10.48 
10.47 
10.45 
10.45 
10.42 
10.42 
10.40 
10 40 
10 37 
10.37 

10.711348 

.710674 

.710001 

.709329 

.708658 

.707987 

.707318 

.706650 

.706983 

.705:316 

.704651 

10.703987 
.703323 
.702661 
.701999 • 
.701388 
.700678 
.700020 
.699362 
.698705 
.698049 

10.697398 

.696739 

.696086 

.695483 

.694782 

.694181 

.693481 

.692832 

.692184 

.691637 

10.690891 

.600246- 

.689601 

.688958 

.688315 

.687678 

.687032 

.686892 

.685753 

.885115 

10.684477 

.683841 

.683205 

.682570 

.681936 

.681303 

.680670 

680039 

.679408 

.678778 

10.678149 

.677621 

' .676894 

.676267 
.675642 
.676017 
.674898 
.673769 
.673147 

10.672526 

60 

59 

58 

57 

56 

55 

64 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

48 

42 

41 

40 

89 

88 

87 

86 

86 

84 

38 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

16 

17 

16 

15 

14 

18 

12 

11 

10 

9 

S* 

7 

6 

5 

4 

3 

2 

1 

0 

/ 

Cosine. 

D.r. 

i Sine. 

D. r. 

i Cotang. 

D. r. 

1 Tang. 

a 
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18 ° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 167 * 


Sine. 

D. 1'. * 

Cosine. | 

D.r. 1 

1 

Tang. 

D. r. 

Cotang. 

9.3178:9 

9.90 : 
9.88 , 
9 87 

9 85 ‘ 
9.35 

9 m 

9 82 
9.80 

9 78 

9 77 
9.77 

9.990404 

.43 

.45 

.45 

.45 

.45 

.45 

.47 

.45 

.45 

.45 

.45 

9.327475 

10 33 
10.33 
10 32 

io.:i2 
10 28 
10 28 
10 27 
10 25 
10.25 
10.22 
10.22 

10.672525 i 

.8184 <3 

.990378 , 

.328095 

.671905 

.3190G(i 

.990351 1 

.:I2«715 

.671285 ; 

..Sm‘i8 

.l)90:i21 , 

.329334 

.670666 1 

.3a(m9 

.99029? 

.:i29953 

.670047 1 

.320W0 

.990270 

.330570 

.669430 

.321430 

.990243 

.;«1187 

.668813 1 

.322019 

.990215 

.331803 

.Wi8l97 : 

.322607 

.990188 

.:332118 

.667582 1 

.323194 

.990161 

.33:1038 

.666967 1 

.823780 

.990134 

.333646 

.666354 

0.324366 

9.73 

9 73 

9 72 

9 72 

9 68 1 
9.68 ! 
9 67 

9 65 

9 63 
9.62 

9.990107 

.47 

.45 

.45 

.47 

.45 

.47 

9 834259 

10.20 
10.18 
10.18 
10.15 
10.15 
10 13 
10 i:i 
10 10 
10 10 
10.08 

10.665741 

.321950 

.990079 

.381871 

.665129 

.mm 

.990052 

.335482 

.664518 

.326117 

.990025 

.336003 

.668907 

.;i26700 

.989997 

.336702 

.663298 

.32T281 

.827802 

.98997'0 

.989942 

337811 

.837919 

.662689 

.662081 

.328142 

.989915 

.47 

.45 

.47 

.838527 

.661473 

.829021 

.989887 

.339133 

.C00867 

.329699 

.989860 

.339739 

.660261 

9.830176 

9.62 

9 60 

, 9.989332 

.47 

.45 

.47 

.47 

9.340344 

10.07 
10 07 
10.05 
10 03 
10.02 
10.00 
10.00 

9 98 
9.97 
9.97 

10.659656 

.8307.53 

.9898(U 

.340948 

.659052 

.831329 

.989777 

.841552 

.658448 

.8311)03 

9.57 

9 58 

9 35 

9 55 

9 52 

9 .53 
9.50 
9.48 

.989749 

.342155 

.657845 

.332418 

.969?21 

.312757 

.657248 

.333011 

1 .989693 

.47 

.343358 

.656642 

.833624 

, .989665 

.47 

.47 

.45 

.47 

.48 

, .343958 

.656042 

.334195 

.989637 

.844558 

.655442 

.334767 

1 .989610 

.345157 

.654843 

.335337 

1 .989582 

.845755 

.654245 

9.835906 

9 48 

9 47 
9.45 
9.43 

9 43 
9.42 
9.40 1 
9.88 

9 37 
9.37 

1 9.989558 

.47 

.47 

.47 

.47 

.47 

9.346858 

9.93 

9 9:J 
9.93 
9.90 
9.90 

10.653647 

.336475 

1 .989525 

.;H6949 

.653051 

.837043 

.989497 

.347545 

.652455 

.837610 

.989469 

.348141 

.651859 

.338176 

.989441 

.348735 

.651265 

.338742 

.989413 

: .349329 

.650671 

.839307 

.4)89885 

.47 

.48 

.47 

1 .349922 

9 87 
9.87 

9 85 
9.83 

.350078 

.839871 

.989356 

.350514 

.649486 

.840434 

,989:128 

.351106 

.648894 

.840996 

1 .989300 

!48 

.851697 

.648303 

9.341558 

9 35 
9..‘J8 ! 
9.33 

9 .30 

9 30 

928 

9.28 { 

9.25 

9.25 

9.25 

9.989271 

.47 
.48 
.47 ' 
.48 i 
.48 

9.352287 

9 82 
9 82 
9.80 
9.78 
9.78 
9.77 
9 75 

10 347713 

.842119 

1 .98924.3 

.352876 

.647124 

.342079 

.989214 

.35:1465 

.646535 

.843239 

; 989186 

.:i54058 

. .646947 

.843797 

.9891.57 

.354640 

I .646360 

.844355 

, .989128 

' .355227 

.644773 

.344912 

1 .989100 

!48 

.48 

.47 

.48 

.355813 

I .644187 

.345469 

.989071 

.1 .356398 

9 7:1 
9 7.3 

1 .648602 

.846024 

!l ,989042 

1 .356982 

.043018 

.846.579 

.989014 

; .857566 

9 72 

i .642484 

9.3471.34 


' 9.9884)85 

.48 

.48 

.48 

.48 

9.358149 

9.70 
9 (0 

iO 641861 

.347687 

9 ^ 

9 22 
9,20 
9.18 
9.17 
9.17 
9.15 

9 13 
9.13 

1 .988956 

1 .358731 

.041269 

.848240 

1 .9884)27 

.859313 

9 67 
9.68 
9.65 
9.35 
9 33 
9.62 
9 62 

.640687 

.848792 

|l .988898 

1 .359893 

.640107 

.349343 

t| .988869 

1 .360474 

.339526 

.849893 

1 .988840 

'.48 

.48 

.48 

.48 

: .861053 

.338947 

.860443 

I .988811 

.361632 

.638868 

.85094)2 

1 .988782 

.362210 

.337790 

.351540 

! .988753 

.8627S7 

1 .337218 

9.852088 

9.988724 

9.863364 

1 10.686636 

Cosine. 

D. r. 

i 1 Sine, 

1 D.r. 

{ Cotang. 

D. r. 

! Tang. 
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18 ® L(X1ARIT1IMIC SINES, COSINES, TANS AND COTaNS. 166 ° 


' Sine. 1 

1 

I). r. 

Cosine. | 

D. r. !| 

Tang. 

D. 1'. 

Cotang. 1 

1 

/ 

0 

9.852088 

9.12 ! 

9.10 , 

9.08 i 
9.08 1 

9 07 i 
9.05 1 

9.05 
9.03 
9.02 

9 00 
9.00 

9.988724 

.48 
.48 ' 
50 

48 , 
48 , 

.50 

.48 11 
.50 h 
.48 , 
.50 , 
.48 

9.363864 

9 00 
9.58 

9 58 

9 57 

9 55 

10.6366:^6 

60 

1 

.862635 

.988695 

.363940 

.636060 

59 

2 

.868181 

.988()66 

3(‘)4515 

.635485 

68 

3 

.:i53726 

.988630 

.365090 

.6:44910 

57 

4 

.364271 

.98861)7 

.3656(41 

.684336 

56 

-*> 1 

.864815 

.988578 

.366237 

.683763 

65 

G 

.355;i58 

.988548 

.366810 

9 53 

9 52 

9 52 

9 50 

9 48 

.633190 

54 


.355901 

.988519 

.367382 

.682618 

53 

8 1 

.356443 

.988489. 

.367953 

.632047 

62 

9 , 

.856984 

.988460 

.368524 

.631476 

51 

10 1 

.857524 

.988430 

.369094 

.630906 

60 

11 ; 

9.358064 

8.98 

8 97 

8 95 

8 95 
8.95 

8 92 

8 92 

8 90 

8 88 

8 88 

9,988401 

.50 
.48 ' 
.50 
.50 : 
.50 
.48 ' 
.50 
.50 , 
.50 
.50 1 

9.3C96a3 

9.48 

9.45 

9 47 
9.43 

9 43 
9.42 
9.42 

9 40 

9 38 
9.38 

10 630387 

49 

12 , 

.858603 

.988371 

.3W232 

.629768 

48 

13 ; 

.359141 

.988842 

.370799 

.629201 

47 

14 , 

.359678 

.983312 

.871367 

.628638 

46 

15 

.860215 

.988282 

.871933 

.628067 

45 

•16 ' 

.860752 

.988252 

.8^2499 

.627501 

44 

17 

361287 

.988223 j 

.373064 

.626936 

43 

18 

.361822 

,988193 1 

.373629 

.626371 

42 

19 

.362356 

.98816:4 

.874193 

.625807 

41 

20 

.362889 

.988133 

.374756 

.625244 

40 

21 

9.363422 

8 87 

9.988103 

.50 1 
.50 
.50 
.60 
.50 
.52 
.50 
.50 
.60 
.62 

9 875319 

0.37 

9 35 
9.85 
9.38 
9.32 
9.32 
9.30 
9.80 

10 624681 

39 

22 

.363954 

.988073 

.375881 

624119 

88 

23 , 

.364485 

8 85 

.988043 

.316442 

.623558 

37 

24 

.365016 

8 Hi) 

8 83 

8 82 

8 82 

8 78 

8 80 

8 77 
8.77 

.988013 

.377003 

.622997 

36 

25 ‘ 

.365546 

.987983 

.877563 

.622437 

35 

26 

.366075 

.987953 

.:378122 

.621878 

84 

27 

.866601 

.987922 

.878681 

.621319 

S3 

28 

.367181 

.987892 

.879239 

.620761 

82 

29 

.867659 

.987862 

i .379197 

.620208 

81 

SO 

.808185 

.987832 

.880354 

9.27 

.619646 

80 

31 

9.368711 


9.987801 

.50 

.62 

.50 

.52 

.50 

.52 

.50 

.52 

9 880910 

9.27 
9.23 
9.25 

9.28 
9.22 
9.20 
9.20 
9.18 
9.18 
9.17 

10.619090 

29 

32 

.86923() 

8 75 
8.75 
8.72 

8 72 

8 70 

8 70 

8 68 
8.68 
8.67 
8.65 , 

.987771 

; .381466 

.618534 

28 

33 

.869761 

.987740 

1 .382020 

.611980 

27 

31 

.370285 

.987710 

.382575 

.617426 

26 

85 

86 1 

.870808 

.871330 

.987619 

.987649 

, .383129 
■ .883682 

.616871 

.616318 

25 

24 

87 1 

.371852 

.987618 

1 .881284 

.615766 

23 

88 1 
39 

.872373 

.8?2894 

.987588 

.9875.57 

! .881186 
.385337 

.615214 

.614663 

22 

21 

40 

.873114 

.987526 

’.*50 

.52 

.385888 

.614112 

20 

41 

9.373933 

8.65 

8 63 i 
8.62 

9.987496 

9.386418 

9.15 
9 15 
9.13 
9 12 
9 12 
9 10 
9 lO 

10 613562 

19 

42 

.374452 

.987465 

, .386987 

.613013 

18 

43 

44 

.874970 

.375487 

.987434 

.987403 

.04 

..52 

.52 

.52 

.52 

.52 

' .3815:'16 

■ .888()84 

.612464 

.611916 

17 

16 

45 

46 

.376003 

.373519 

8 60 

8 60 

8 ()0 

8 57 

8 57 

.987372 

.987341 

' .388631 

.889118 

.611369 

610822 

15 

14 

47 

.877035 

.987310 

■ .3897^44 

, .610276 

13 

48 

.377549 

.987279 

, .390210 

9 08 

.609730 

12 

49 

.378063 

.98?248 

.52 

.52 

1 ,:490815 

9 u8 

1 .609186 

11 

50 

.378577 

8 57 
8.53 

.98?217 

.:^)i:^60 

9.05 

1 .608640 

10 

51 

9-879089 

8.53 

8.53 

8.52 

9.987186 


9.391908 

9 07 

1 10.608097 

9 

52 

.879601 

.987155 

.53 

.:^9‘2447 

9 03 

' .607658 

8 

53 

.880113 

.987121 

.3925)89 

9 0.5 
9.03 
9.02 
' 9 00 

i .607011 

7 

54 

.880624 

.987092 

.:m53i 

.606469 

6 

55 

.8811:44 

8.50 

.987061 

.04 

.52 

53 

.52 

..52 

.58 

.394078 

,605927 

5 

56 

i .381013 

8 48 
8.48 
8.48 

8 45 

8 4o 

.987030 

.394614 

.605886 

4 

57 

.882152 

.986998 

.895154 

9.00 
8 98 
8.97 

.604846 

8 

58 

' .382661 

986967 

.395694 

.604306 


59 

60 

1 .388168 
9.388675 

.986986 
9 986904 

.896233 

9.390771 

.603767 

10.603229 

t 

i 0 


Cosine. 

1 D. r. 

Sine. 

D. r. 

Cotang. 


Tang. 

1 ' 
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14 ° LOGARITHMIC SINES, COSINES, TANS AND C0TAOT^165° 


< 

Sine. 

D. r. 

Cosine. 

D.r. 1 

Tang. 

D. r. 

Cotang. 


0 

2 

3 

4 

6 

6 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 
19 

30 

31 
33 

33 

34 

35 

36 

37 

38 

39 

30 

31 
33 
38 
184 

35 

36 
87 

38 

39 

40 

41 
12 

43 

44 

45 

46 

47 

48 

49 

50 

51 
53 

53 

54 

55 

56 

67 

68 
69 
60 

9.38:3675 

,384183 

.384087 

.385193 

.885697 

,386301 

.386704 

.387207 

.387709 

.388210 

.388711 

9.389211 

389711 

.890210 

.390708 

.391206 

.391703 

.393199 

.392695 

.393191 

.393686 

9.394179 

.394673 

.395106 

.395658 

.390150 

.396041 

.397132 

.397021 

.398111 

.398600 

9.399088 

.399575 

.400062 

..400519 

.401035 

.401520 

.402005 

.403481) 

.402972 

.403455 

9.403938 

.404420 

.404901 

.405382 

.405862 

.406341 

.400820 

.407299 

.407177 

.408254 

0.408731 

.409207 

.409682 

.410157 

.410632 

.411106 

.411579 

.412052 

.412524 

9.412996 

8.45 

8.42 

8.42 

8.42 

8.40 

8.88 

8.38 

8.37 
8.35 
8.35 
8.33 

8.38 
8.32 
8.30 
8.30 
8.28 
8.27 
8.27 
8.27 
8.23 
8.23 

8 23 
8.22 

8 20 

8 20 

8 18 
8.18 
8.15 
8.17 

8 15 

8 13 

8 13 

8 13 

8 12 

8 10 
8.08 
8.08 
8.07 

8 05 
8.05 
8.05 

8.03 

8.03 

8.03 

8.00 

7.98 

7.98 

7.98 

7 97 
7.95 
7.95 

7.93 

7.93 

7 92 

7 92 
7.90 
7.88 

7 K8 

7 87 
7.87 , 

9.986904 

.986873 

.986841 

.986809 

.986778 

.986746 

.986714 

.986683 

.986651 

.986619 

.986587 

9.986555 

.986523 

.986491 

.9801.59 

.986427 

.986395 

.986363 

.980331 

.980299 

.986266 

9.9863:34 

.986202 

.986169 

,986137 

.986104 

.986072 

.986039 

.986007 

.9a5974 

.983943 

9.985909 ! 
.985876 
.985843 
.985811 
.985778 
.985745 
.985712 
.985679 
. 9^5046 
.985613 

1 9 985580 

1 .985547 
; .985514 
! .9S>480 
i .985447 
! .985414 
.9a5381 
.985347 
.985314 
.985280 
9.935247 
.9a5213 
.985180 
.985140 
.985113 
.985079 
.985045 
.985011 
.f»84978 

9 !)84944 

.52 i 
.53 i 
.53 ; 
.52 
.63 1 
.63 1 
.52 I 
.53 
.53 1 
.53 i 
.53 1 
.53 1 
.53 ■ 
.53 : 
.53 1 
.53 : 
.53 i 
.53 1 
.53 
.55 
.53 I 

.63 
.55 
.53 . 
.55 
.53 
,55 
.53 , 
.55 I 
.53 
.65 
.55 I 
.55 j 
.53 1 
55 1 
!55 1 
.5.> 
..55 ! 
.55 : 
.55 
.55 

.55 
.55 
.57 
.55 
,55 
.55 
..57 , 
55 ' 

"57 

.55 

.57 
.55 
.57 
.55 
.57 
.57 1 
.57 i 
.55 1 
.51) 

liiillllli liiiiiiii liiiiliiil llililiiil illlllllii iililiiiili 

8.97 

8.95 

8 95 

8 93 

8 93 

8 92 
8.90 
8.90 

8 88 

8 88 
8.87 

8.a5 

8 85 

8 85 

8 82 

8 8.3 

8 80 

8 80 
8.80 

8 78 
8.77 

8.77 

8.75 

8.75 

8 73 

8 73 

8 72 

8 72 

8 10 
8.08 
8.08 

8 67 

8 67 

8 65 

8 65 

8 m 
8.o:j 
8.62 

8 60 

8 60 
8.60 

8 .^S 

8 57 

H 57 

8 57 

8 55 

8 55 

8 .5:1 

8.52 

H 52 
8.50 

8 18 

H 50 

8 -17 
, 8 47 

8 47 

H 45 

8 45 

8 43 
8.42 

10.603229 

,602691 

.602154 

.(i016l7 

.601081 

.600545 

.600010 

.599476 

.598942 

..598409 

.597876 

10.597344 

.596813 

.596282 

.5957.51 

.59.5222 

..594692 

.594164 

.59:1036 

.59:3108 

.592581 

10.592055 

.691529 

.591004 

.590479 

.589955 

.5894:31 

.588908 

.58a385 

.58786:3 

.587342 

10.586821 

.586301 

.685781 

.685262 

.684743 

.584225 

.583707 

.583190 

.582674 

.582158 

10.581642 

.1^1127 

.580013 

.580099 

..579585 

..519073 

.578500 

.578018 

.571537 

.577026 

10.576516 

.576007 

.575497 

.574989 

.574481 

.573973 

,573466 

.672959 

.572453 

10.571948 

60 

59 

58 

57 

56 

.55 

54 

.53 

52 

51 

60 

49 

48 

47 

46 

45 

44. 

43 

42 

41 

40 

39 

38 

87 

36 

35 

34 

53 
82 

31 

30 

29 

28 

27 

26 

25 

24 

2:3 
22 
21 
20 
19 
18 
17 
16 
15 
' 14 

' 1:3 

! 

n 

10 

g 

8 

7 

6 

5 

4 

3 

2 

1 

0 

t 

Cosine. 

1 D.r. 

1 Sine. 

i D. r. i 

1 Ootang. 1 D. 1*. 

i Tang. 

13 


104 ' 



15 ° LOGARITH'MIC sines, CX)SINES, tans and cotans. 164 ® 


$ 

Bine. 

D. r. 

Cosine. | 

D. 1'. 

Tang, j 

D. r. 

Cotang. 

t 

0 

9.412996 

7.85 

9 984944 

.67 

..57 

.57 

.57 

.57 

.57 

.57 

9.428052 

8.43 

8.40 

8.40 

8.40 

8.38 

8.37 

8 37 
8.37 

8.. 85 

8 :i3 
8.33 

10.571948 

60 

1 

.413407 

.984910 

.428558 

.571442 

59 

g 

.413938 

7.83 

7. as 

.984876 

.429062 

.570988 

58 

3 

.414408 

.984842 

.429.506 

.670434 

67 

4 

.414878 

.984808 

.430070 

.669980 

56 

5 

.416;i47 

7.80 

7 80 

.984774 

.4:10.573 

.669427 

65 

G 

.415815 

.984740 

.431075 

.568925 

64 


.416283 

.984706 

.4315r< 

.568428 

5:3 

8 

.416751 


.984672 

.57 

.58 

-^7 

.432079 

,567921 

52 

9 

.41?217 

7 <7 

.984038 

.4.32580 

.567420 

51 

10 

.417084 

7. i8 

7. <7 

.984003 

.433080 

.560920 

50 

11 

9.418150 


9 984569 


9.438580 

8.. 81 
8.32 

8 32 

8 :io 

8 28 

8 28 

8 28 
8.27 

10..56G420 

49 

12 

.418015 

7.75 

.9845:15 

.58 

.4:14080 

..505920 

48 

13 

.419079 


.984500 

.4:44579 

..505421 

47 

14 

.419544 

7.72 

.984106 

.4:1.5078 

.564922 

46 

15 

.420007 

.9844.32 

^58 

.4.35576 

..504424 

45 

.10 

.420470 

h t 2 

.984397 

.4:10073 

..503!)27 

44 

17 

.42093:1 

i . 

.984303 

[58 

.57 

.58 

.58 

.4:10570 

..503430 

43 

18 

.421395 

7 <0 
7.70 

984328 

4:17007 

.562983 

42 

19 

.421857 

.984294 

.4:17503 

.56:«:i7 

41 

ao 

.422318 

7.68 

7.67 

.984259 

.4380.59 

8,25 

.561941 

40 

21 

9.422778 

7.G7 

■ 9.984224 


9 4:i8554 

8. as 

10 .561446 

89 

22 

.423238 

.984190 

57 

.58 

..58 

..58 

..58 

.58 

.57 

.58 

.58 

.60 

.4:19048 

..5(50952 

88 

23 

.423097 


.984155 

.4.39.543 

8.22 

8 22 

8 22 

8 20 

8 20 

8.18 
8.18 
8.18 

..5(K>167 

37 

24 

.424156 


.984120 

.440038 

..559964 

86 

25 

.424615 

7 05 

I .984085 

.440529 

..5,59471 

86 

26 

.425073 

7.03 

1 .984050 

.441022 

.558978 

34 

27 

.4255:30 

i * 

1 .984015 

.441514 

.5.58186 

83 

28 

•425987 

7.02 

.983981 

.412000 

.557994 

82 

29 

.426443 

< . 60 

I .983916 

.412497 

.5.57.503 

81 

30 

.426899 

7 GO 

7 58 

1 .983911 

.442988 

.557012 

3C 

81 

9.427354 

7 58 

1 9.983875 

.58 

.58 

.58 

.58 

.58 

.60 

.58 

KQ 

9.443479 

8 1.5 

8 17 

8 15 

8.13 

8.13 

8.13 
8.12 
8.10 
8.10 
8.10 

10.5.56621 

29 

32 

.427809 

i .981840 

.443908 

.5,56032 

28 

33 

,42820:3 1 

7 '67 

.983805 

.444458 

.655642 

27 

34 1 

.428717 1 

.983770 

.441947 

.55.5058 

26 

85 1 

.429170 

7 55 

.983735 

.445435 

.554505 

25 

36 

.42902:5 

7.55 

7.53 

7.53 

.988700 

.445923 

.654077 

24 

37 

.430075 

.983664 

.440411 

.553589 

23 

38 

.480527 

.983629 

.440898 

.5.53102 

22 

39 

.430978 

7.62 

.983594 

,oo 

.60 

.68 

.447384 

.562616 

21 

40 

.431429 

7 52 
7.50 

7.50 
7.48 i 

.983558 

.447870 

.552180 

20 

41 

9.431879 

9.983523 


9.4483.50 

8 08 

8 08 

8 07 
8.07 
8.05 
8.05 

8 05 

8 03 

8 02 
8.02 

10.551644 

19 

42 

.432329 

,983487 


.448841 

.5.51159 

18 

43 

.432778 

.983452 

58 

[60 

.449320 

.650674 

17 

44 

.433220 

7.47 

7.48 

.983416 

.449810 

.550190 

10 

45 

.41:1075 

.983:181 

’.60 

.4,50294 

.549706 

15 

46 

.4*34122 

7.45 

7.45 

.983345 

.4.50777 

.549223 

14 

47 

.484569 

.983309 

[m 

.68 

.00 

.00 

.451200 

.548740 

18 

48 

49 

.435016 

.435462 

7.45 

7 43 
7.43 
7.42 

.983273 

.983238 

.4.51743 

.452225 

.548257 

.547775 

12 

11 

50 

.435908 

.983202 

.452700 

.647294 

10 

51 

9.436353 

7.42 

9.983106 

MX 

i 9.45.3187 

8.02 

8 00 

8 00 
•7 98 

7 98 

10.546818 

9 

52 

.430798 

.988130 

.W 

.00 

.60 

.00 

.00 

.00 

.00 

1 4.53068 

.646832 

8 

63 

.437242 

7.40 

.988091 

' .454148 

.545862 

7 

54 

.437086 

7.40 

1 .983058 

i .45-1028 

.645872 

6 

65 

.438129 

7.88 
7..38 1 

.983022 

, .465107 

.544898 

6 

56 

.43a572 

.982986 

1 455.586 

7.97 
'7 97 
7.95 
7.95 

.544414 

4 

57 

.439014 

7 37 

.982950 

i 456064 

.543986 

3 

58 

,439456 

7 87 

7 36 
7.36 

.982914 

1 456542 

.548458 

g 

69 

.489897 

.982878 

.60 

! .4.57019 

.642981 

1 

60 1 9.440338 

9.982842 


1 9.457496 

10.542504 

0 

$ 

CoBiue. 

D. r. 1 

1 Sine. 

1 I), r. 

, Cotang. 1 D. 1'. 

Tang. 

/ 


105 < 


[144 a] 


74 * 





10 ° UKURlTHMUl SINES, COSINES, TANS AND COTANS. 103 ° 


Cotang. ! ' 


10.542504 ' 60 
542027 1 59 
541551 1 58 
.541075 . 57 
.540600 56 

.540125 55 

.5:19651 54 

5^9177 ■ 53 
..538703 52 

5382:10 ' 51 
.537758 ^ 

10 .53?28,5 49 
.5.36814 48 

.536342 47 

635872 46 
.535401 45 

..5.34931 44 

.531461 48 

.533992 , 42 
..533523 j 41 
.533055 I 40 
10 .532587 i 89 
.K12120 1 38 
331653 87 

.5.31186 36 

.530?20 85 

5;i02M ;i4 
..529789 , 33 
.529824 I 82 
528859 : 81 
.528395 I 30 
10 .527931 ' 29 
.527468 28 
.527005 27 
.526543 26 

526081 : 25 
.525619 24 

.52.51.58 23 

.524697 , 22 
.5242:17 21 

.523777 20 
10 52 : 1:117 ' 19 
.522858 18 

. 522:199 , 17 
..521941 16 

.52148:1 15 

.521025 14 

..523568 • 13 
.,520111 , 12 
..5196.55 I 11 
.519199 j 10 

10 518748 i 9 
.618288 1 8 
.517838 i 7 
.517379 6 

.516925 5 

.516471 4 

.516018 3 

..515565 2 

.615118 1 

10.614861 0 

Tang. I ' 


[H4J] 


0 I 9.440:i:iH 


.440778 

.441218 

.441(k>8 

.4420iH; 

.442535 

.442973 

.443410 

.4mi7 

.444284 

.444?20 

9.445155 

.4455JK) 

.44602.5 

.4464.59 

.44689:1 

.447326 

.447759 

.448191 

.448623 

.449054 

9.449485 

.449915 

.450345 

.4.50775 

.451204 

.4,51082 

.4.52060 

.4.52488 

.4.5291.^ 


9.45,3768 

.464191 

.454619 

.455044 

.455469 

.4.55893 

.450.316 

.456739 

.457162 

.457584 

9.458006 

.4.58427 

.4,58848 

.4.59268 


.400108 

.400527 

.400946 

.461:364 

.461782 

9.462199 

.462616 

.4630.32 

,46.3448 

.483864 

.464279 

.464694 

.455108 

.465522 

9.465935 


D. 1'. 


7 .3.3 
m 
:« 
;30 
32 
;30 
28 

28 


.23 

.2:3 
.22 
' 22 
'.20 
.20 
’ 18 
'.18 
.17 
'.17 
7.17 
.15 
13 
.13 
7 13 
7 12 
12 
10 

7.10 
OH 
08 
08 
7.07 
05 
05 
05 
7 03 
■ 03 
'.02 
02 
00 
00 
.00 
6 98 
0.SI8 
0 97 
6 97 
6.95 
6.95 
6.93 
6 93 
6.93 
6 92 
6.92 
6 90 
6 90 
6 88 


I 9.982842 
I 982805 
.982169 
.9827:1.3 
I .982696 
.982660 
I .982024 
; 982.587 

982.551 
■ 982.514 

I .982477 
9 982441 
982404 
! .982:367 
.982:3.31 
982294 
982257 
.982220 
982183 
.982146 
.982109 

9 982072 
982055 
.981998 
.981961 
.981924 
.981886 
.981849 
.981812 
.981774 
.9817:37 
9.981700 
.981662 
.981625 
.981.587 
.981.549 
.981512 
.981474 
.9814:36 
.981399 
.981861 
9.981323 
.981285 
.981247 
.981209 
.981171 
.981153 
.981095 
.981057 
.981019 
.980981 

9 980942 
.980904 
.980866 
.980827 
.980789 
.980750 
.980712 
.980673 
.9806:35 
9 


Tang. 


Cosine. 1 D. 1'. 


.02 

60 

.60 

62 

60 

60 

62 

.60 

62 

.62 

.(lO 

.62 

.62 

.60 

.62 

.62 

.62 

62 

.62 

.62 

.62 

62 

.62 

.02 

.62 

.63 

.62 

.62 

.63 

.02 

.62 


D. I*. 


9.457496 

.457973 

.45S449 

.4.58925 

.4.59400 

.4.59875 

.400:349 

.46082*3 
.461297 
.46177a 
.462242 
9 462715 
.463186 
.46:3058 
.464128 
.404599 


D. r. 


.4055.39 

.466008 

.460477 

.466945 

9.467413 

.467880 

.468347 

.468814 

.469280 

.469746 

.470211 

.470670 

.471141 

.471605 

9.472069 

.4725:32 

.472995 

.47,3457 

.47:3919 

.474381 

.474842 

.47530:3 

.47.576:3 

.476223 

9.476653 

.477142 

.477601 

.478059 

.41*8517 

.478975 

.479432 

.419889 

.480345 

.480801 

9.481257 

.481712 

.482167 


.483529 

.483982 

.48443.5 

.484887 

9.485.389 


Cotang. 


7.95 

y;3 

9.3 

.92 
92 
' 90 
' 90 
90 
88 

87 

88 
85 
87 
83 
85 
83 
83 
82 
82 
80 
80 

78 
18 
7 18 


10 
10 
10 
7 68 
68 
67 
67 
.67 
65 
65 
(>.3 

0:3 

6:3 

62 

62 

60 

60 

60 

58 

.58 

57 

,.57 

,.57 

55 

55 


p. r. 



17 ° LOCIAUITHMK^ HINES, COSINES, TANS AND COTANH. 163 ° 


f 

Sine. 1 

p,i-. 

Cosine. 

D. r. ! 

Tang. 

D. 1'. 

Cotang. 

f 

9 

1 

9 4659:i5 
.466348 

6.88 ! 

6 88 ! 
6 87 !, 
6 87 ;l 
6 a5 . 1 

6^ ll 

9 980596 
.9805.58 

.63 

.65 

.65 

.6:1 

.65 1 

.65 

.65 

.65 

.65 

.65 

.65 , 

9 4653:39 ! 
465191 1 

7 53 

1 52 

10.514661 

.514209 

60 

59 

H 

466761 

.980.519 

.480242 1 

513758 

58 

3 

467173 

.980480 

.4866!>:3 

7.50 

7.50 

7.50 

7 48 

7 48 

7 48 

7 47 
7.47 

.513307 

67 

4 

.467585 

.980442 

.4871 13 

.512857 

56 


467996 

.980403 

.487593 

.512407 

65 

G 

468407 

.980361 

.488043 

.511657 

54 


.468817 


.980325 

.486192 

.511508 

53 

B 

.469227 

6 83 i 
6 82 

6 82 

.980286 

.488941 

.511059 

52 

9 

.469637 

.980217 

.48935)0 

.510610 

61 

10 

470016 

.980208 

.489638 

.510162 

50 

n 

9 470455 

6 80 

6 80 

6 80 

6 78 i 
6 77 1 
6 77 

9 980169 

.65 ' 
.65 

65 

.67 1 
.65 , 
.65 ■ 
.65 . 
.67 : 
65 , 

9.490286 

7 45 

7 45 

7 45 

7 43 

7 43 

7 43 

7 42 

7 40 

7 l‘i 

7 40 

10.509714 

49 

12 

.470863 

.9801:30 


.609-267 

48 

13 

.471271 

.980091 

.49116) 

.508820 

47 

14 

.471679 

.9800.52 

.491627 

.508373 

46 

15 

.4?2086 

.980012 

.492013 

.507927 j 

45 

16 

472492 

.97997:3 

.492519 

.507481 1 

44 

'17 

472898 

979961 

.492965 

.5070:35 

43 

18 

.473:101 

6.77 1 
6 7.5 

6 73 1 

.979895 

.493110 

506590 

42 

19 

.473710 

.979855 

.493654 

.506146 

41 

20 

.474115 

.979810 

.494299 

.505701 

40 

21 

9 474519 

6 73 1 
6 Ti 1 

9 979776 

.65 ' 
.67 1 
.65 , 
.67 ' 
.65 i 

i 

.67 ' 
.65 ] 
.67 i 

9 104743 

7 38 

7 40 

7 :38 

10 .505257 

39 

22 

.474923 

.979737 

.495186 

.504814 

38 


.4' 5.327 

.979697 

.495680 

.504370 

87 

24 

4757:10 

t) 4 1 

.979658 

49607:3 

.563927 

36 


476133 

6.72 : 
6 70 ’ 
6 70 1 
6 68 1 
6 08 ! 
0.67 ' 

.979618 

.496515 

7 37 

7 37 

7 37 

7 35 

.5013465 

35 

26 

4765 16 

.979579 

.490957 

.503043 

34 

27 

.4769:18 

.979.539 

.497399 

.502601 

33 

28 

.477:340 

.979499 

.497841 

.502159 

82 

29 

477741 

.9794.59 

.498282 

.501718 

81 

30 ' 

.478142 

,979420 

.498722 

1 *70 

7.35 

.501278 

30 

31 

' 9.478.542 

6.67 

0 67 1 

9.979.380 


9.499163 

7 83 

10.500637 

29 

:W 

478942 

.9:9:310 

j57 

67 

07 

.67 

.67 

.67 

.68 

.67 

.67 

.499603 

7.:32 

<7 

.500397 

28 

3:4 

.479:it2 

.979300 

.500042 

.499958 

27 

34 

.479741 

6 65 : 
6.65 

6 65 1 
6,63 
0.62 

.979200 

.500481 

1 

7 32 
7.32 
7.30 
7.30 
7.28 

7 28 
7.28 

.499519 

26 

35 

.480140 

,979220 

.500920 

.499080 

25 

36 

.4805:39 

.979180 

.501359 

.498641 

24 

37 

.480937 

.979140 

.501797 

.498203 

23 

38 

.1813:34 

.979100 

.50-2235 

.491765 

22 

39 

1 . 181731 

6 62 

6 62 

6.62 

.9790.59 

.50-2612 

.497328 

21 

40 

1 .482128 

.979019 

.503109 

.496891 

20 

41 

1 9.482525 

6 00 

6 58 

6 60 

6 58 

0 .57 

6 57 

9.978979 

.67 

68 

.67 : 
.68 
.67 
.67 
.68 
.68 
.67 
.68 

9 563546 

r, .y. 

10.496454 

19 

42 

.482921 

.978939 

.50:3982 

r- 

.496018 

18 

43 

.483316 

.978898 

.5044)8 

7.27 

7 25 
7.25 
7.25 
7.23 
7.23 
7.23 

7 22 

.495582 

17 

41 

. 18:3712 

.9T8a58 

.504654 

.495146 

16 

45 

. 4S1107 

.978817 

1 .505289 

.494711 

16 

46 

.481501 

.978777 

.5057-24 

.494276 

14 

47 

.484895 

.978737 

1 .506159 

.493841 

18 

48 

49 

.485289 

.485682 

6 57 

6 55 
6.55 

6 53 

.978C'K} 

.978655 

1 .506593 

ii ..507027 

.493407 

.492973 

12 

11 

50 

.486075 

.978615 

1 .507460 

.492540 

10 

51 

9.486467 

8.55 

6 52 
6.. 53 

6 52 
6.60 

6 50 
6.60 

6 48 
C.48 

9.978574 

.68 

.67 

9 507893 

7 22 

7 22 

10.492107 

9 

52 

.486860 

.978533 

II .506326 

.491674 

8 

53 

.487251 

.978493 

.508759 

7.20 

7.18 

7.20 

7.18 

7.18 

7.17 

7.17 

.491211 

7 

54 

.487643 

.9784.52 


11 *.509191 

.490809 

6 

55 

.488034 

.978411 

!68 i 

SR 

.509622 

.490378 

5 

56 

.488424 

978370 

i .510051 

.489946 

4 

57 

.488814 

978829 

.00 

f{fl 

.510465 

.489515 

S 

58 

.489204 

.978288 

• 1)0 

AQ 

.510916 

.489084 

2 

59 

.489.593 

.978247 

•Oo 

.511346 

.488654 

1 

60 

9.489982 

9.978206 

68 

9.611776 

10.488224 

0 

' 1 Cosine. 1 D 1'. 

i Sine. 

1 D. r. 1 

1 Cotang, i D. 1'. 

1 Tang. 
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18 ^ LCKiAUITHMlC; SINKS, COSINKS, TANS AND COTANB. 161 ® 


Sine. 

D.r. 1 

Cosine. 

D.l'. 1 

Tang. 

D. r. 

Cotaug. 

t 

9.489982 

6 48 . 
6 47 ' 
6 47 

6 47 , 
6 45 : 
6.43 
6.4.5 , 
6.4,3 ' 
6 42 ! 
6.42 1 
6.42 1 

9.978206 


9..511776 


10 488224 

60 

.490371 

,978165 

."S ; 
.68 ! 
.68 
.m 

..5122(M) 

^ ' 
7.16 , 
7.15 

7 13 
7.13 
7.13 
7.12 
7.12 
7.10 
7.12 

.487794 

.59 

.490759 

.9781»1 

.51265.5 

.487365 

58 

.491147 

.97808:1 

.6i:i064 

.4869:16 

57 

.4915.'ir) 

.978012 

.51349:3 

.486.507 

.56 

.491922 

.978001 

.513921 

.486079 

55 

.492308 

.9779.59 

.68 

.68 

.5143.19 

.485651 

.54 

.492695 

.9';7918 

.514777 

.485223 

53 

.493081 

.9rr8?r 

..515204 

.484796 

52 

.493466 

.9178:15 

.08 

.70 

.51.5631 

.484369 

61 

.493851 

.977794 

..51G057 

.4830-13 

50 

9.4912:16 

6.42 
6.40 1 
6.38 1 
0 40 

6 37 
6.:i8 

6 37 
6.37 

6 35 
6.35 

9 9717.52 

.68 

9 .51 ‘5461 

7 10 

7 08 
7.10 
7.08 
7.07 
7.07 
7.07 
7.07 

7 05 

7 05 

10.483616 

49 

.494621 

.917711 

..516910 

.483090 

48 

.495005 

.917669 

.68 

.70 

.70 

.68 

..517635 

.482665 

47 

.49.5.388 

.917628 

.517761 

.482239 

46 

.495772 

.917586 

.518186 

.481814 

45 

.496154 

.917,544 

.518610 

.481:390 

44 

.4!16.5.37 

.f)77.50:i 

.51!H):i4 

.480906 

43* 

.496919 

.917461 

.70 

.70 

.70 

.519458 

.480542 

42 

.497301 

.977419 

.519882 

.480118 

41 

.497682 

.977377 

.520305 

.47969.5 

40 

9 498061 

6 33 

C 35 
6.32 

6 33 
0.32 
6.32 

6 33 
6.30 

6 28 
6.30 

9 977:i:jr» 

.70 

.10 

.70 

.70 

.70 

.70 

.10 

.70 

.70 

.72 

9..520728 

7.05 

7 03 

10 479272 

:39 

.498^144 

.971293 

..5211.51 

.478849 

:38 

.498825 

.9772.51 

.521.573 

.478427 

37 

.4992(»4 

.977209 

.521995 

7 . 0:3 

7 02 

7 02 

7 02 
7.00 

7 00 

7 00 

.478005 

86 

.4995^1 

.917167 

..522417 

.47758:3 

:i5 

.4999(i3 

.917125 

.,522638 

.477162 

.34 

.,500:412 

.977083 

..52:3259 

.476741 

:33 

.500721 

.977011 

..52:3CK) 

,476:320 

32 

.501099 

.976999 

..521100 

.47.5900 

31 

.501476 

.976957 

.,524.520 j 

.47.5480 

30 

9.5018.54 

6.28 

6 27 

6 28 

6 27 

6 25 
6.2.5 
6.25 
6.25 
6.23 
6.28 

9 976914 

.70 

.70 

.72 

.70 

.72 

.70 

9 .524940 

6 98 ' 
6 98 1 
6 98 
6.97 

6 97 

6 97 

6 95 

6 95 

6 95 
6.95 

10.47.5060 

29 

.5022.31 

.9168?2 

..525:3.59 

.474611 

28 

.502607 

.9768:}0 

,525778 

.474222 

27 

.502984 

.976787 

..526197 

.47:3803 

26 

..50:i360 

.976745 

..526615 

.47:1385 

25 

,503735 

,976702 

.527033 

.472967 

24 

.504110 

.976660 

.527451 

.472.549 

28 

.504485 

.976617 


..527868 

.4?2182 

22 

.604800 

.976574 

!70 

.73 

..528285 

.471715 

21 

.505234 

i .976532 

.528702 

.471298 

20 

9 605608 

6.22 

6.22 

6.22 

6 20 
6.^ 

1 9.976489 

i“0 

9.529119 

6 m 

6 93 

0 92 

6 92 

6 92 
6.92 
6.90 

6 90 
6.90 
6.88 

10.470881 

19 

.605981 

i .91'6446 

.'So 

.72 

.72 

.72 

.72 

..529.5:35 

.470465 

18 

.506.354 

! .976104 

.529951 

.470049 

17 

.506727 

.976301 

.5.30360 

.469634 

16 

,507099 

.976318 

.5.30781 

.469219 

15 

.607471 

.976275 

.5.31196 

.468804 

14 

.507843 

6.18 

6.18 

6.18 

6.17 

.976232 

..5:31611 

.468389 

13 

.608214 

.976189 

!72 

.73 

.73 

..532025 

.467975 

12 

.508585 

.976146 

.5:32439 

.467561 

11 

.508956 

.976103 

, .632853 

.467147 

10 

9.509326 

6 17 
0.15 

6 15 

6 15 

6 15 
6.13 

6 12 

6 13 
6.12 

1 9.976060 

.73 

.72 

.73 

.72 

,72 

.73 

.72 

.72 

.78 

9.53:3266 

6 88 

6 88 

6 87 
6.87 

6 87 

6 85 

6 85 
6.85 
6.85 

10.466734 

9 

.609696 

1 .976017 

..53:3679 

.466321 

8 

,510065 

,975974 

.634092 

.465908 

7 

,510434 

.975936 

.534504 

.465496 

6 

.610803 

.975887 

.634916 

.466084 

6 

.611172 

.975614 

.636328 

.464672 

4 

.611540 

.975800 

.635789 

.464261 

8 

, .611907 

.97.5757 

.636150 

.468850 

2 

.612275 

.975714 

.636561 

.468439 

1 

9.612642 

9 975670 

9.586972 

10.468028 

0 

i Cosine. 

1 D. 1\ 1 

! Sine. 

i D.V. 

Cotang. 

1 D. r. 

Tang. 1 ' 


108 ^ 
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19 ° LOGARITHMIC SINES, COSINKS, TANS AND COTANS. 160 ° 


/ 

Sine. 

D. r. 1' 

Cosine. 

D. r. 

Tang. 

D. r. 

Cotang. 

/ 

0 

9.512642 

6 12 

6 10 
6.10 ' 
6.10 , 
6 08 ■ 
6.08 1 
6.08 ! 
6.07 ! 
6 07 ! 
6.07 1 
6.05 1 

9.97.6670 


9..68(i97'2 1 

6 83 

6 83 
6.83 

10.463028 

60 

1 

.518009 

.97.6627 

[to 

.TO 

.72 

.TO 

.TO 

.72 

.TO 

.587“382 j 

.462618 

59 

2 

.51:3375 

,97.6.68:3 

.537792 

.462208 

68 

3 

..613741 

.975539 

.538202 

.461798 

57 

4 

.514107 

.975490 

.538611 

6 82 

6 82 

.461:389 

56 

5 

.514472 

.97,64.62 

.539020 

.460980 

55 

6 

.514837 

.97.6408 

.5.39429 

.460571 

54 

7 

.515202 

.975365 

.5398:37 

6 80 

6 ^ 

.400163 

58 

8 

.515566 

.975821 

.540245 

.459755 

52 

U 

.615930 

.975277 


..6406.63 

6 80 

6 78 

.45^347 

51 

10 

.516294 

.9752.33 

‘.TO 

541061 

.458939 

50 

11 

9 516657 

6 05 i 

6.03 

6.0.6 

6 03 1 
6.02 1 
6.02 1 
6.02 ' 
6 02 

6 00 

0 00 

9 975189 


9 .641468 

6.78 

6 77 
6.78 

6 77 

10.453532 

49 

12 

.517020 

.975145 


541875 

.458125 

48 

18 

.517382 

.975101 

.542281 

.457719 

47 

14 

.517745 

.975057 


..642688 

.457312 

46 

15 

..618107 

.975013 

[to 

.,643094 

.456906 

45 

16 

.518468 

.974969 

..643499 


.456.501 

44 

17 

.518829 

.974925 


.543905 

6.77 

.4.56095 

48 

18 

.519190 

.974880 


.544310 


.455690 

42 

19 

.519551 

.974836 

*r^ 

..64471.6 

6 73 

6 75 

.455285 

41 

20 

.519911 

.974792 

,73 

.545119 

.454881 

40 

21 

9.520271 

6.00 

5 98 
5.98 

5.97 ! 

6.98 1 

6 97 ! 

6.95 

5.95 
5.95 
5.95 

9.974748 


9 545.624 

6 TO 
6.72 

6 TO 

6 72 
6.70 
6.72 

6 70 

6 70 

10.454476 

89 

22 

.520631 

.974703 


.545928 

.4.54072 

88 

28 

.520990 

.9746.69 


..646331 

.4.53669 

87 

24 

.621349 

.974614 

[to 

.75 

.TO 

.546736 

.453265 

36 

25 

.521707 

.974570 

.547138 

.452862 

35 

26 

.,622006 

.974525 

.547540 

.452460 

84 

27 

.52^ 

.974481 

..6479<I3 

.452057 

88 

28 

.622781 

.974436 


.548345 

.451655 

32 

29 

.528138 

.974:391 

.TO 

.75 

.,648747 

.451253 

81 

30 

.523495 

.974347 

.519149 

i)» 

6 68 

.4,50851 

80 

81 

9.5238.62 

5.98 

5.93 

5.98 

5 92 

6.92 ' 

5.90 1 

6.92 
.6.90 
5.88 

6.90 

9.9743ffe 

.75 

.75 

9..649.6.60 

6.68 

6.(« 

6 67 

6 68 

6 66 
6.67 

6 56 

6 65 

6 65 
6.65 

10.4.50460 

29 

32 

38 

.524208 

.524564 

.9742.67 

.974212 

.5499.61 

.550352 

.450049 

.449648 

28 

27 

84 

.524920 

.974167 

.75 

.550752 

.449248 

26 

35 

36 

.525275 

.6256:30 

.974122 

.974077 

. 40 

.75 

.75 

.,6511.63 

.551.6.62 

.448847 

.448448 

25 

24 

37 

.525984 

.974a32 

.551952 

.448048 

28 

38 

.5263:39 

.973987 

.75 

.562361 

.447649 

22 

39 

.526693 

.978942 

.75 

.552750 

.447250 

21 

40 

.527046 

.973897 

.75 

.75 

.563149 

.446851 

20 

41 

9.527400 

5.88 
.6 87 

5 88 
6.87 

5 85 
6.87 
6.85 

9.9738.62 


9.553648 

6 63 

6 63 
6.62 
6.63 

6 62 
6.62 
6.60 
a Ct£\ 

10.446452 

19 

42 

..627753 

.97:3807 

.75 

.553946 

.440064 

18 

43 

..628106 

.978761 


.554344 

.44.5656 

17 

44 

.5284.68 

.978716 

• ^5 

.554741 

.446250 

16 

45 

.628810 

.97.3671 

. lO 

,565139 

.444861 

15 

46 

.529161 

.973025 

[75 

.555536 

444464 

14 

47 

.629513 

.973580 

.5559.3:3 

[444067 

18 

48 

.,629864 

.973685 

[77 

.565329 

.443671 

12 

49 

.530215 

5.85 

.978489 

.566?25 

D DU 

6 60 
6.60 

.443275 

11 

50 

.530565 

5 . 83 

5.83 

.973444 

. <0 
.77 

.557121 

.442879 

10 

61 

9.530915 

6.88 

5.82 

5.82 

6 82 

6 82 
5.80 
5.80 

9.97.3898 

.77 

9.567517 

6 60 
6.58 
6.58 

6 57 

6 57 
6.57 
6.67 

6 57 

6 66 

10.442488 

9 

52 

.631265 

.973362 

.5.57913 

.442087 

6 

53 

.681614 

.973807 


.6.68308 

.441692 

7 

54 

.631963 

.973261 

’r>it 

.658703 

.441297 

6 

.65 

.582312 

.97321.6 

'to 

.,569007 

.440903 

5 

.66 

.682661 

.978169 

.569491 

.440509 

4 

57 

.583009 

.978124 


..569885 

.440115 

8 

58 

.,683357 

.9730^18 

. i i 

.560279 

.439721 

2 

59 

.683704 

6.78 

6.80 

.973082 

. i i 

..6606TO 

.489827 

1 

60 

9.684052 

9.972986 

* i 1 

1 

1 9.661060 

10.488984 

0 


Cosine. 

D. r. 

Sine. 

i D.r. 

1 Cotang. 

D. r. 

1 Tang. 
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20 ° LtWARITHMlC BINES, COSINES, TANS AND COTANS. 150 ° 


' 

Sine. 

D . r . 

1 

1 Cosine. 

D . 1*. 

Tahg. 

D . r . 

Cotang. 

t 

0 

1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

31 

12 

13 

14 
16 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
29 
80 

81 

82 

38 

84 

86 

86 

87 

88 
89 

40 

41 

42 
48 
44 
46 

46 

47 

48 

49 

50 

51 

52 
58 
54 

65 

66 
67 

58 

59 

60 

9.534052 

.634399 

.534745 

.635092 

.535438 

.635783 

.536129 

.586474 

.686818 

.537163 

.637507 

9.587851 

.638194 

.538538 

.538880 

.539223 

.639565 

.539907 

.540249 

.540590 

.540931 

9.541272 

.541613 

.5419.53 

.542293 

.542632 

.642971 

.548310 

.643649 

,643987 

.544325 

9.644663 

.545000 

.545338 

.646674 

.546011 

.646347 

.646683 

.647019 

.647354 

.647689 

9.648024 

.548359 

.548693 

.549027 

.549360 

.549693 

.560026 

.650359 

.550692 

.551024 

9.551356 

.651687 

.552018 

.552349 

.652680 

.553010 

.658341 

.553670 

.654000 

9.554329 

5.78 

5 77 
5.78 

5 77 
5.75 

5 77 
5.75 
5.73 

5 75 
5.73 
5.73 

5.72 

5.78 

5.70 

5 72 
5.70 
5.70 

5 68 

5.68 

6.68 

5.68 

6.68 
5.67 

5.67 
5.65 
5.65 
5.65 
5.65 

5.68 
5.63 

5.63 

6.62 

6.63 
5.60 
6.62 
5.60 
5.60 

5 60 

5 58 

5.68 

6.68 

6.58 

5.57 

6.57 
5.65 

6.55 

5 55 

5.55 

6.55 

6.53 

5.53 

6.52 

5 .52 

5.52 

6 62 

5 50 

5.52 

6 48 

6 .50 
6.48 

9.972986 

972940 

.9?2894 

.972848 

.972802 

.9727.55 

.972709 

.972663 

.972617 

.972570 

.972524 

9.972478 

.972431 

.972385 

.972.338 

.972291 

.972245 

.972198 

.972161 

.972105 

.972058 

9.972011 

.971964 

.971917 

.971870 

.971823 

.971776 

.971729 

.971682 

.971685 

.971588 

9.971540 

.971493 

.971446 

.971398 

.971851 

,971.303 

,971256 

.971208 

.971161 

1 .971113 

9.971066 

.971018 

.970970 

.970922 

.970874 

.970827 

.970779 

.970731 

.970683 

.970635 

9.970586 

.970538 

.970490 

.970442 

.970394 

.970345 

.970297 

.970249 

.970200 

9.970152 

.77 

.77 

.77 

.77 

.78 

.77 

.77 

.77 

.78 

.77 

.78 

.77 

.78 

.78 

.77 

.78 

.78 

.77 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.80 

.78 

.78 

.80 

.78 

.80 

.78 

.80 

.78 

.80 

,78 

.80 

.80 

.80 

.80 

.78 

.80 

.80 

.80 

.80 

.82 

.80 

,80 

.80 

,80 

.82 

.80 

.80 

.82 

.80 

1 9 561066 
.561459 
.561851 
.562244 
.5626,% 
.563028 
.563419 
.563811 
.564202 
.564593 
.564983 

9.56.5373 

.565763 

.56615;3 

.566542 

.5669; i 2 

.567320 

.567709 

.568098 

.568486 

.568873 

9 569261 
.509648 
i .570035 

1 ..570422 
; ..570809 
! .571195 
i .571581 

1 ..5 n 967 
: .672352 
i .572738 
i 9.573123 

1 .57^507 
.578892 
.574276 
.574660 
.576044 
.676427 
.675810 

1 .576193 

.676576 

i 9.576959 
i .577341 

1 .677723 
; .678104 

1 .578486 

1 .578867 
: .579248 

1 .679629 
, .680009 
; .580389 

1 6.580709 
.581149 
.581.528 
.581907 
.582286 
.582665 
.563044 
.688422 
.683800 

9.684177 

6.55 

6.53 

6 55 

6 53 

6 .53 
6..52 

6 53 

6 52 
6.52 

6 50 
6.50 

6.50 

6.50 

6.48 

6.50 

6.47 

6 48 

6 48 
6.47 
6.45 
6.47 

6.45 

6.45 

6.45 

6.45 

6.43 

6.43 

6.43 

6 42 
6.43 
6.42 
6.40 
6.42 
6.40 
6.40 
6.40 
6.88 
6.38 
6.38 
6.38 
6.38 

6.37 

6.37 

6 35 
6.37 
685 
6.35 
6.35 
6.83 

6 83 
6.33 

6 33 

6 32 
6.32 
6.32 
6.82 
6.32 

6 30 
630 
6.28 

10.438934 

.438541 

.438149 

.4,37756 

.437364 

.436972 

.436581 

.436189 

.43.5798 

.435407 

.4; i 5017 

10.4; i 4 C 27 

.43-1237 

.433847 

.4334.58 

.433068 

.4326,80 

.432291 

.431902 

.4,31514 

.431127 

10.430739 

.430352 

.429965 

.429,578 

.429191 

.428805 

.428419 

.428033 

.427648 

.427262 

10.426877 

.426493 

.426108 

.425?24 

.425340 

.424956 

.424578 

.424190 

.423807 

.423424 

10.428041 

.4226.59 

.422277 

.421896 

.421514 

.421133 

.420752 

.420371 

.419991 

.419611 

10.419281 
.418851 
.418472 I 
.418093 
.417714 1 
.417336 
.416058 
.416578 
.416200 

10.415823 j 

60 

69 

68 

57 

56 

.55 

54 

63 

.52 

51 

50 

49 

48 

47 
46 
45 
44 

48 
42 
41 
40 

39 

38 

37 

86 

85 

34 

.33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 
! 18 

1 17 

1 16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


Cosine, 

D . 1'. .1 

Sine. 

D . 1'. 1 

Cotang. 

D . r . 

1 Tang. 1 

t 


110 


fi44n 



21® LOGARITHMIC SINKS, COSINES, TANS AND COTANS. 158° 


/ 

Sine. 

D. V. 

Cosine. 

D.l*. 

Tang. 

D . r . 

Cotang. I 

0 

9.554829 

5.48 

5.48 

5 47 
6.47 

5 47 
6.47 
5.45 
5.45 

5 45 

5 43 
6.43 

9 970152 


9 684177 

6.80 

10.415823 

1 

.554658 

.970103 

.82 

.584555 

.415445 

2 

.554987 

970055 

.80 

.584982 

6.^ 1 
6.28 i 
6.28 

6.27 

6.28 

.415068 

8 

.555315 

970006 

.82 

.585309 

.414691 

4 

.555643 

.969957 

.82 

.80 

.585086 

.414314 

5 

.555971 

.969909 

.580002 

.413988 

6 

.556299 

.969860 

.82 

.586439 

.413561 


.656626 

.969811 

.82 

.586815 

6 27 

6 25 

6 27 

6 25 

6 25 

.413185 

8 

.5569 .'>i 

.969762 

.82 

.80 

.82 

.82 

.587190 

.412810 

9 

.55?280 

.9<597'14 

.587566 

.412484 

10 

.657606 

.969665 

.687941 

.412059 

11 

9.557932 

5 43 

5 42 

5 43 

5 42 

5 40 

5 42 
5.40 

5 40 

5 40 
5.38 

9 969616 


9.588316 

6 25 

6 25 

0 23 

10.411684 

12 

.558258 

.969.567 

.82 

.82 

.82 

588691 

.411809 

13 

.558583 

.969518 

.589060 

.410934 

14 

.558909 

.969469 

.589440 

.410660 

15 

.659234 

.969420 

.82 

.83 

.82 

.589814 

0 23 
6.23 

6 23 

6 22 

6 22 

6 22 
6.22 

.410186 

•16 

.559558 

.969370 

.690188 

.409812 

17 

.559888 

.969821 

.5905()2 

.409438 

18 

.560207 

.969272 

. 82 
.82 
.83 
.82 

.5909 i 35 

.409065 

19 

.560581 

.969223 

.591308 

.408692 

30 

.660655 

.969173 

.691681 

.408319 

21 

9.661178 

5.38 

5.38 

5 37 

6 37 
5.37 
5.37 

5 m 

5 37 

5. .33 
5.35 

9 969124 

QO 

9.692054 

6 20 

0 22 

6 20 

6 18 

6 20 

6 18 

6 18 
6.18 

6 18 

6 17 

10.407946 

22 

.661601 

.969075 

.83 

.82 

.592426 

.407674 

23 

.661824 

.969025 

.592799 

.407201 

24 

.662146 

.968976 

.593111 

.406829 

25 

.562468 

.968926 

.83 
.82 
.83 . 
.83 
.82 
oo 

59:1542 

.406458 

26 

.662790 

.968877 

.693914 

.406086 

27 

.663112 

.968827 

.594285 

.405716 

28 

.668433 

.968777 

.594656 

.405344 

29 

.668765 

.968728 

.595027 

.404973 

80 

.664076 

.968678 

•oo 

.83 

.595398 

.404602 

81 

9.664396 

5 33 

5 33 
6.33 

6 33 
5.32 

9.968628 

.83 

9.695768 

6 17 

6 17 

6.17 
6.15 

6.15 

6.16 
6.16 

6 13 
6.16 

6.18 

10.404232 

82 

.664716 

.968678 

.596188 

.403862 

88 

.665086 

.968528 

.83 

QO 

.596508 

.403492 

84 

.666356 

.968479 


.596878 

.403122 

85 

.665676 

.968429 

,83 

.83 

.83 

.85 

.88 

.83 

.83 

.697247 

.402753 

36 

.565995 

.968879 

.697616 

.402384 

87 

.666314 

5.32 

5 30 

6 32 

5 30 1 
5 30 1 

.968329 

.597985 

.402015 

38 

39 

.566632 

.666951 

.968278 

.968228 

.598354 

.696722 

.401646 

.401278 

40 

.667269 

.968178 

.599091 

.400909 

41 

9.667587 

6 28 

6 30 1 
6.28 

5 28 

6 27 

5 27 

6 27 

6.27 
6.25 

5.27 

1 9.968128 

QQ 

9.59»459 

6 13 

6 12 

6 13 
0.12 
6.12 

6 12 
6.10 

6 10 
6.10 
6.10 

10.400541 

42 

.667904 

1 .968078 

• OO 
.86 

.699827 

.400173 

43 

.668222 

, .968027 

.600194 

.399806 

44 

45 

.568539 

.568856 

.967977 

.967927 

.83 

.83 

.85 

.83 

.85 

.600562 

.600929 

.399438 

.899071 

46 

47 

.669172 

.569488 

.967876 

,%7826 

.601296 

.601603 

.398704 

.898837 

48 

.569804 

.967775 

.602029 

.897971 

49 

.570120 

.967725 

.83 

.K) 

.83 

.602:195 

.897605 

50 

.670485 

.967674 

.602761 

.897239 

51 

9.670751 

5.25 

6.23 

5.25 

6.23 

5.23 

5 22 

6.25 

6 22 
6.20 

9.967624 

.85 

.85 

.a5 

.a3 

.a5 

.85 

.85 

.85 

UK 

9.003127 

6.10 

6 08 

6 08 

6 t )8 
6.08 

6 07 

6 08 

6 07 
6.07 

10.396878 

52 

.671066 

. J )67.573 

.6 a 3493 

.896507 

58 

.671880 

.%7522 

.603858 

.896142 

54 

55 

.671695 

.672009 

.967471 

.967421 

.604223 

.004588 

.895777 

.395412 

56 

.572823 

i .967870 

.604953 

.395047 

57 

58 

.572686 

.572950 

.967819 

.907208 

.605317 

.605682 

.394683 

.894318 

59 

.678263 

.967217 

.606046 

.893964 

60 

9.67a576 

9.907100 

.oO 

9.606410 

10.393590 


17 

16 

15 


13 

11 

10 


9 

8 

7 


5 

4 

8 

2 

1 

0 


Cosine. 


D. 1". 


1 1 Sine. I I). 1'. i Cotang. I D. 1’. i Tang. I ' 
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B58® LOGARITHMIC HINES, COSINES, TANS AND COTANS. 157® 


/ 

Sine. 

D. r. 

Cosine. 

D. 1'. 

Tang. 

D. 1'. 

Cotang. 

' 

0 

9.573575 


9.967166 

.a5 

.85 

.a5 

.87 

.85 

.85 

.35 

.87 

.85 

.87 

.85 

9.606410 

G 05 

6 07 
6.05 
6.05 
6.03 
6.05 
6.03 

0 03 

10.393590 

60 

1 

.573888 

620 
r. 20 

5 20 

5 20 
5.18 

5 18 
\5.18 

5 17 

5.17 

6.17 

.967116 

.606773 

.893227 

59 

2 

.574200 

.967064 

.miS7 

.392863 

58 

S 

.574512 

.967013 

.607500 

.892500 

57 

4 

.574824 

.966961 

,607803 

.392137 

56 

r> 

.575136 

.966910 

.608225 

.89177'6 

56 

6 

.575447 

.9668.59 

.608588 

.391412 

54 

7 

..5757.58 

.96<i808 

.608950 

.8910.50 

53 

8 

.576069 

.9667.56 

.609312, 

.890688 

52 

9 

.576379 

.966 <05 

.609674 

6 03 
6.02 

.890326 

51 

10 

.576689 

.966653 

.6100:46 

.389961 

50 

11 

9.. 576999 

5.17 

5.15 

5.15 

5.15 

5.15 

5.13 

5 15 

5 13 

5 12 
5.13 

9.966602 

.87 

.86 

.87 

.87 

9.610397 

6.03 

6 02 

6 00 

6 02 

6 00 
6.00 

6 00 

6 10 

6 00 

5 98 

10.389603 

49 

12 

.577309 

.966550 

.610759 

.889241 

48 

IS 

.577618 

.966499 

.611120 

.888880 

47 

14 

.577927 

.966447 

.611480 

.388.520 

46 

15 

.578236 

.966395 

.611311 

..3881.59 

45 

16 

,.578.545 

.966344 

.87 

.87 

.87 

.87 

85 

.612201 

.887799 

44 

17 

.5788.53 

.966292 

.612561 

.387439 

43 

18 

.579162 

.966240 

.612921 

.887079 

42 

19 

.579470 

.966188 

.613281 

.886719 

41 

«0 

.579777 

.966136 

.613641 

.886359 

40 

SI 

9.580085 

5.12 

6.12 

5.10 
5.12 

6.10 
5,10 
5.08 

6 10 

5.08 

6.08 

9 966085 

.87 

.87 

.87 

.88 

.87 

87 

.87 

.87 

.88 

.87 

9.614000 

5 98 
5.98 
5.98 

5 97 

5.97 

6 9<' 

6.97 

5 97 

5 95 

5.97 

10.886000 

39 

22 

..580392 

.9660.33 

! .614359 

.385641 

38 

23 

.580099 

.965981 

! .614718 

.386282 

37 

24 

.581005 

.965929 

I .615077 

.384923 

36 

S) 

.581812 

.965876 

.615435 

.3846(5,5 

35 

26 

581618 

.965824 

.615793 

.8S1207 

34 

27 

.581924 

.965772 

.616151 

.888849 

:i3 

28 

..582229 

.965720 

.616509 

.388491 

;i2 

29 

.582.5:45 

.965668 

.616867 

.383133 

81 

30 

.582840 

.965615 

.617224 

.382776 

1 30 

31 

9.58.3145 

5.07 

5 08 

5 07 

5 05 ! 
5.07 1 
5.05 1 
5 07 1 
5 03 

5 05 

1 5.03 

9.965563 

,87 

.88 

.87 

, .88 

1 .87 

.88 

' .88 
, .87 

.88 

1 .88 

9.617582 

5 95 

5 93 

5 {>5 
5.9.3 
5.93 

5 93 

5 {« 
5.93 

6 92 
5.92 

10.382418 

' 20 

32 

.583149 

.965511 

.6119.39 

.882061 

28 

33 

..5837.54 

.9654,58 

.618295 

.881705 

27 


.5840.58 

.96,5406 

.6186,52 * 

.381848 

26 

3r, 

..584:4f)l 

.965353 

.619008 

.880992 

25 

36 

..584665 

.96.5801 ! 

.619364 

.380686 

1 24 

37 

.584968 ; 

.905248 ! 

.619720 

.880280 

, 23 

38 

.585272 

.965195 

.620076 

.879924 

1 22 

39 

.585.574 

.965143 1 

.6204:12 

.879568 

■ 21 

40 

.585877 

,965090 

.620787 

.379213 

1 20 

41 

9..586179 

5.05 

1 5 02 

9.965037 

; .88 : 

1 .88 1 

! .87 1 

.88 i 
! .88 

i .88 

.90 
.88 
.88 
.88 

9.621142 

5 92 

5 92 
5.92 
5.5W 

5 90 

5 W 

5 {K^ 

5 88 

6 !M) 
588 

10 378858 

! 19 

42 

.586482 

.964984 

.62l4{>r 

.378503 

' 18 

43 

.686783 

.964931 

.6218.52 

.378148 


44 

.5870a5 

^*02 i 

.964879 

.622207 

. 37779:3 

1 16 

45 

.587386 

*5!o3 ! 
5 02 ; 
5.00 
5.02 

5 00 1 
5.00 1 

.964826 

.622561 j 

.377439 

i 16 

46 

..587688 

.904773 

.622915 

.377085 

14 

47 

..5871189 

.964730 

.623269 

.376731 

18 

48 

.588289 

.964666 

.623623 

.376377 

12 

49 

.588590 

1 .964613 

.623976 1 

.376024 

11 

60 

.,588890 

.934560 

.624330 

.375670 

10 

51 

9.589190 

4.98 

5 00 
4.98 ! 
4 98 : 
4.98 i 
4.97 i: 
4.97 ' 
4.97 i 
4.97 1' 

9 904507 


9.6^683 i 

5 88 

5 87 

6 88 

6.87 
f> 87 

5 87 

5.87 

6.87 

6 85 

1 

10.876317 ' 

9 

52 

.589489 ; 

: .{>64454 

88 

!90 

.88 

.88 

.{>0 

.625036 

.374964 

8 

53 

.589789 i 

.964400 

.625888 

.374612 

7 

54 

.590088 

.964317 

.625741 

..3742.55) 

6 

55 

.590387 

.964294 

.6200{)3 

.873907 

5 

56 

.690686 

.964240 

.626445 

.878555 

4 

57 

.590984 

.964187 

.88 
.90 . 
.88 ' 

.626797 

.873203 

8 

58 

.691282 

.964133 

.627149 

.372851 

2 

59 

.691.580 

.964080 

.627501 

.872499 

1 1 

60 

9.591878 i 

9 964026 

.w 

9.627852 

10.372148 

0 

/ 

Coeine. I 

D.r. i, 

Sine. 1 

D. 1*. il Cotang. | D. 1*. 

Tang. 1 • 


IW u« >,J ey° 



gsasssassa ssfeis&sstfefes fesgagsagas sss^saggas si 


JSS*’ LOGARITHMIC SINES, COSINES, TANS AND COTANS. 156® 


Sine. 


9.591878 

.592176 

.59‘^473 

.592770 


.594251 

.594547 

.694842 

9.5951.37 

.59.5432 

.59.5727 


.69631.5 

..596609 

..596903 

.597196 

.597490 

.597783 

9.598075 

.598:4(58 

.598(5(50 


.699241 

.599.5:16 

.599827 

.600118 

.600409 

.600700 

9.600990 

.601280 

.601570 


D. r. 


.6021.50 

.602439 

.602728 

.003017 

.603:40.5 

.603594 

9.603882 

,601170 

.604-4.57 

.604745 

.60.50.32 

,00.5319 

.605606 

.60.5892 

.608179 

.606-1(55 

9.606751 

.607036 

.607322 

.607607 

.607892 

.608177 

.608461 

.608745 

.609029 

9 


Cosine. 


4 97 
4 95 
4.95 
4.95 
4.93 
4 93 
4 93 
4.93 
4.93 
4 92 
4.92 
4.92 
4 92 
4 90 
4 90 1 
4 90 
4 90 
4 88 
4 90 
4 88 
4.87 
4 as 
4 87 
4 87 
4 87 
4 87 
4 85 
4 85 
4 R5 
4 85 
4 83 
4 m 
4 m 
4 83 
4.a3 
4 82 
4 82 
4 82 
4 80 
4 82 
4.80 
4 80 
4 78 
4 80 
4 78 
4.78 
4 78 
4 77 
4 78 
4.77 
4 77 
4 75 
4 77 
4 75 
4 75 
4.75 
4 73 
4 73 
4 73 
4.73 


Cosine. D. 1’. 


V. V. 


.963811 

.903757 

.96:1704 


.963596 

.96:i512 

.9(53488 

9 96.34.34 
.9(53:179 
.963325 
.9(5:1271 
.963217 
.90:il63 
.90:1108 
.963054 
.962999 
.962945 

9 962890 
.9(52836 
.9(52781 
.962727 
.962672 
.962617 
.1K52.562 
.96250,8 
.962453 
.902398 
9 9(52343 
.962288 
.9(52233 
.9(52178 

.90212:1 

.962067 

.962012 

.961957 

.961902 

.961846 

9 961791 
.901785 
.961(580 
.961624 
.961569 
.961513 
.961458 
.901402 
.961346 
.9(51290 
9.961235 
.961179 
.961123 
.961067 
.961011 
.960955 


9.960730 


.90 

.90 


.90 

.90 

.90 

.92 

.90 

.90 

.90 

.90 

.92 

.90 


.90 

.92 

.90 

.92 

92 

.92 

.90 

92 

.92 

.92 

.92 

.92 

.92 


.92 

.92 

.92 


.92 

.93 

.92 


.92 


.95 

.93 


1 Sine. I D. r. 



Tang. 

D. r. 

Cotang. 1 

f 


9.627852 

5.85 

6.85 

5.86 

6.83 
6.85 

5.83 

6.83 
5.88 

5.82 

5.83 
5.82 

10.872148 

60 


.628203 

.371797 

59 


.628554 

.871446 

58 


.628905 

.371096 

67 


.629255 

.370746 

66 


.629(506 

.370394 

55 


.6^56 

.630^ 

.370044 

.369694 

54 

53 


.630656 

.369344 

62 


.631005 

.868995 

51 


.631355 

.868646 

50 


9.681704 

5 82 

6 82 
5.80 

5 82 

5 80 

5 80 
5.80 

5 78 

5 80 

5 78 

10.868296 

49 


.6:320.53 

.867947 

48 


. .682402 

.307598 

47 


.6327.50 

.867250 

46 


.633099 

.866901 

45 



.866553 

44 


.633795 

.:S(}62a5 

43 


.634143 

.3(55857 

42 


.6:34490 

.365510 

41 


.634838 

.365162 

40 


9 635135 

5 78 

5 78 

10.364815 

39 


.6:35.5:32 

.3644(58 

88 


.635879 

.864121 

87 


1 .636226 

5 77 

5 78 

5 77 

5 77 

.363774 

36 


' .63C5?2 

.363428 

35 


1 .(5.36919 

.363081 

34 


1 .6:37265 

.362735 

33 


1 .637611 

.362389 

32 


i 637356 

5 77 
6.75 

.3(52044 

81 


j .688302 

.:S01698 

80 


9.338617 

5.75 

10.36ia58 

29 


.638992 

.:361008 

28 


.639337 

5.76 

6.75 

5.73 
6.75 

6.73 

6 73 

K TO 

.360663 

27 


.639082 

.360318 

26 


.640027 

.359973 

25 


.640371 

.359029 

24 


.640716 

.359284 

23 


.6410(50 

.358940 

22 


.641404 

.358596 

21 


■ .641747 

0.44 

5.73 

.858253 

20 


■ 9.642091 

6.72 

6 72 

6 72 

5.72 
5.72 
6.70 
6.70 
6.70 
6.70 
6.70 

10.357909 

19 


.6424:44 

.357566 

18 


.642777 

.867228 

17 


.64:3120 

.356880 

16 


.6434(53 

.856637 

15 


.643806 

.356194 

14 


.644148 

.355852 

18 


.644490 

.355510 

12 


1 .644832 

.355168 

11 


.645174 

.854826 

10 


9.645.316 

6.68 

6.70 

6.68 

5.68 

6.08 

6.67 

6.68 
6.67 
6.67 

10.854484 

9 


1 .645857 

.854148 

8 


I .646199 

.353801 

7 


; .646540 

.853460 

6 


I .646881 

.353119 

5 


1 .647222 

.352778 

4 


i .647562 

.352488 

8 


! .047903 

.352097 

2 


li .648243 

.851757 

1 


ll 9.648583 

10.351417 

0 

11 Cotang. 

D. r. 

Tang. 
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85 ® LOCJARITHMIC SINKS, COSINES, TANS AND COTANS. 154 ® 


Sine. D. V. | Cosine. D. 1'. I Tang, D. 1'. ‘ Cotang, 


31 I 9.6.34249 

32 I .(i-mU 

33 I .634778 

34 .635042 

3.') .635306 

36 .035570 

,i7 . 6358.34 

38 .(>'36097 

39 . 6.36360 

40 .636623 


9 67.5564 ! 
.(575890 1 
.676217 
I .676.543 
' .(576869 

; .677194 

I .677520 
' .677846 

.678171 
, .678496 


10.817987 19 
.817613 18 

, .317290 17 

.316967 16 
.816644 15 
I .316321 14 

.315999 18 

.315676 12 
.315854 11 

; .315032 10 


.314066 7 

! .313746 6 

.313428 5 

.318102 4 

i .812781 3 

! .312460 2 

I .812139 1 

I 10.311818 0 
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26 ® LOGAEITHMIC SINES, COSINES, TANS AND COTANS. 156 ® 



Sine. 

D. 1'. 

Cosine. 

D. r. 

Tang. 

D. 1'. 

Cotang. 

t 

0 

9.641842 

4.32 

4.32 

4.;jo 

4.:i2 

4 30 
4.30 
4.28 
4.30 

4 28 
4.30 
4.28 

9.9.53600 

1 02 
1.03 
1.03 
1.03 
1.02 
1.03 
1.03 

1 03 

1 03 

1 03 

9.688182 

5.33 

5 32 

10.811818 

60 

1 

,(42101 

.953599 

.688502 

.311498 

59 

2 

.612:^00 

.953537 

.688823 

5 33 

.811177 

68 

3 

.642618 

.953475 

.689143 

5 33 
5.33 

5 :i3 

.310857 

67 

4 

.642877 

.953113 

.f)894<Ml 

.3105.37 

66 

5 

.643135 

.95a3.52 

.689783 

.810217 


€ 

.643393 

.953290 

.690103 

6 33 

6 32 
6.33 

5 32 
6.32 

.309897 

54 


.G43Gr)0 

.953228 

.69042:3 

..309577 

53 

8 

.643908 

i .avjloo 

.690742 

.3092158 

.52 

9 

.614105 

.9,53104 

.691062 

.308938 

51 

10 

.644423 

953012 

1 03 

.691:381 

.308619 

60 

11 

9.644680 

4.27 

4 28 

4.28 

4 27 
4.27 

4 27 
4.27 

4 25 
4.25 
4.27 

9.9.52980 

1 03 

1 05 

1 03 

1 03 

1 03 

1 05 

1 as 

1 a5 

1 03 

1 05 

9.691700 

5.32 

5.32 

5 :i0 

5 :i2 

6 :10 

5 32 

5 30 

5 30 

5 30 

6 28 

lo.soasoo 

49 

12 

.6149:16 

.952.)18 

.692019 

.307981 

48 

13 

.645193 

y52a55 

.692338 

..307662 

47 

14 

.645150 

.252793 

.6ftJ6.">6 

.307344 

46 

15 

.615706 

.9.52731 

.6929 <5 

.307025 

45 

16 

.615902 

.9.52069 

.6!):3293 

.:300707 

44. 

17 

.646218 

.9.52606 

.693612 

.306388 

43 

18 

.646474 

.952>44 

6939:30 

..306070 

42 

19 

.646729 

.952481 

.694218 

.:10.57.52 

41 

20 

.616981 

.952119 

.694566 

.305434 

40 

21 

9.647210 

4 21 
4.25 

4 25 

4 23 

4 28 
4.23 

9.952356 

1 03 

1 05 

1 05 

1 03 

1 05 

1 05 

1 05 

3 05 

9.691803 

5 30 

5 28 

10.30.5117 

39 

22 

.647494 

.9.52291 

095201 

.:304T'.)y 

38 

23 

.647749 

.952231 

.695518 

5 30 

5 28 

5 28 

5 28 

5 27 

5 28 
5.27 

6 28 

.:i04482 

37 

21 

.648004 

.952168 

1 .69.5036 

..304164 

36 

25 

.648258 

.952106 

.69615:3 

.30:i847 

35 

26 

.618.512 

.952043 

! .696170 

.:io.‘}5;io 

34 

27 

.648766 

.951980 

1 .6:)6787 

..m’13 

38 

28 

.649020 

4 23 

4 23 

.951917 

1 .097103 

.302897 

:32 

29 

.649274 

.9.51851 

1 a5 
1.05 

; .697420 

.302.580 

:3i 

30 

.649527 

4.23 

.9517'91 

.697736 

.302264 

30 

81 

9.619781 

4.22 

4 22 

4 20 

4.23 

4 20 
4.22 
4.20 
4.18 
4.20 
4.20 

9.951728 

1 05 

1 05 
1.05 

1 05 

1 07 

1 05 

1 05 

1 07 

' 9.698053 

5 27 

10.301947 

29 

82 

.650034 

.951665 

1 .698369 

.3016:31 

28 

33 

.650287 

; .951(K)2 

1 .698(385 

0 

.301315 

27 

34 

.650539 

.9515:39 

1 .699001 

«) 

5 2.5 

5 27 

5 25 

5 27 

5 25 

5 25 
6.25 

.300999 

26 

85 

.650792 

1 .951470 

.699316 

.300684 

1 25 

86 

.651014 ' 

1 .951412 

.695M332 

.300:368 

21 

37 

.651297 

1 .9.51319 

.693)947 

.30005.3 

23 

88 

.651549 

1 .9.51286 

.700263 

.2997.37 

22 

39 

.651800 

j .9.51222 

.700578 

.299422 

21 

40 

.652052 ‘ 

1 .951159 

1.05 

.700893 

.299107 

20 

41 

9.6.52304 

4.18 

4 18 

4 18 
4.18 
4.17 

4.17 

4.18 
4.17 
4.15 
4.17 

9.951096 

l.W 

1.07 

1 05 
1.07 
1.05 
1.07 
1.07 
1.07 
1.07 
1.07 

9.701208 ' 

5 25 

5 2:1 
5.25 

5 23 

5 25 

5 2li 

6.23 1 
6.22 

5 23 

5.23 

10.298792 ' 

19 

42 

.6525.55 1 

.9510:32 

.701523 

.298477 

18 

43 

.652806 

.950908 

.701837 

.29816:3 

17 

44 

.653057 

.950905 

.702152 

.297818 

' 16 

45 

653308 

.950841 

.702466 

.297534 

1 

46 

.863558 

.950778 

.702781 

.297219 

14 

47 

.653808 

.950714 

.703095 1 

.296905 

' 13 

48 

.654059 

.950050 

.703409 

.296591 

12 

49 

.6.54809 

.950586 

.703722 1 

.296278 

11 

60 

1 .654658 

,950522 

.704036 

.295964 

10 

61 

9.654808 

4.17 
4.16 
4.16 
4.15 
4.15 

4.18 
4.15 
4.13 

4. IS 

9.950458 

1.07 

1.07 

1.07 

1.07 

1.07 

1.07 

1.07 

1.08 
1.07 

9.704350 

6.22 

6 22 

5 23 
6.22 
622 

5 20 

5 22 
5.22 
5.20 

10.296660 

9 

62 

.655058 

.950394 

,701668 

.295387 

8 

63 

.665807 

.950330 

.704976 

.295024 i 

7 

64 

.855556 

.950266 

.706290 

.294710 

6 

55 

.656806 

.950202 

.705603 

.294397 

5 

56 

.656051 

.950188 

.705916 

.294084 

4 

57 

656302 

.950074 

.706228 

.293772 

3 

58 

.666551 

.950010 

.706541 

.293459 

2 

69 

.656799 

.949945 

.706854 

.298146 

1 

60 

9.657047 

; 9.949881 

9.707166 

10.292834 

0 

/ 

Cosine. 

D.r. 1 

Sine. 1 

D.r. 1 

1 Cotang. 

D. r. 

Tang. 
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387 ® LOGAEITHMIC SiNES, COSINES, TANS AND COTANS. 158 ® 


p 

Sine. 1 I), r. '! 

i 'i 

Cosine. 

D. 1*. 

Tang. 

D. 1'. 

Cotang. 


0 ' 
1 ; 
^ 1 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 1 
in : 
10 
ir ' 

15 
11) , 
20 

21 

22 

23 

24 
26 
20 

27 

28 

29 

30 

81 

32 

33 I 
U 
35 1 
30 : 
87 
as 
3'J 

40 

41 

42 

43 

44 

45 
40 

47 

48 

49 
60 

51 

62 

54 

65 

50 
57 
68 
69 
60 

9.657(H7 
.007295 ' 
.057542 : 
.0.57790 1 
.0.580;37 , 
.658284 
.6585,11 
.658778 
.659025 
.659271 
.658517 

9.659703 

.000009 

.000255 

.000501 

.000710 

.000991 

.601230 

.001481 

.001720 

.601970 

9.062214 
.(i<i24.59 
.002703 
.002910 
.003190 
. 00,3433 
.003077 
.00.3920 
.604103 
.004400 

9.064048 

.084891 

.005133 

.065.37'5 

.6^5(517 

.6658.59 

.600100 

.ooo:w2 

, .000.58;3 

.666824 

! 9.667065 

1 .6073a5 
.007.540 
.607786 
.668027 
.668267 
.668506 
,668746 
.668986 
.669225 
9.669464 
.669703 
.669942 
.670181 
.670419 
.670a58 
.670896 
.671184 
.671872 
9.671609 

1 

4 1.3 ! 
4 12 ! 
4 13 

4 12 

4 12 

4 12 

4 12 

4 12 

4 10 

4 10 
4.10 

4 10 

4 10 

4 10 

4 08 ! 
4 08 1 
4.08 1 
4 08 

4 08 

4 or i 
4.07 

4 08 

4 07 : 
4 05 1 
4 07 1 
4 05 1 
4 07 1 
4 05 1 
4 05 

4 05 

4 03 

4 05 

4 as 

4 03 

4 a3 
4.a3 

4.02 

4.03 

4 02 
4.02 
4.02 

4 00 

4 02 
4.00 

4 02 

4 00 

8 98 ; 
4 00 1 
4.00 ! 

3.98 ' 

8.98 

3 98 

8.98 

3.98 

3 97 

8.98 

8 97 

3 97 

8 97 
8.95 

9 949881 
.949816 
.9497.52 
.949088 
.949023 
.949.5.58 
.949494 
.949429 

.949:301 

.949:400 

.949235 

9 919170 
.949105 
.949040 
.918975 
.948910 
.948845 
.948780 
.948715 
.<)480.‘*0 
.948584 

9 948519 
94R45'4 
.918388 
.948:523 
.948267 
.948192 
.94812<> 
.948(X50 
.947995 
.947929 

9 947863 
.947797 
.917731 
.947665 
.947600 
.947.533 
.947467 
.947401 

.9473:45 

.947269 

9.947203 

.9471.36 

.947070 

.9470(44 

.946937 

.940871 

.946804 

.9467.38 

1 .946671 

.946604 
9.946588 
.946471 
.940404 
.9463:47 
.946270 
.946203 
.946136 
.94(‘)069 
i .946002 
9.945935 

1.08 

1.07 ! 

1 07 

1.08 
1.08 

1 or 

1 08 

1 08 

1 07 

1 08 
1.08 

1 08 

1 08 

1 08 ' 
1 08 1 
1 OH 1 
1 08 

1 08 

1 08 

1 10 

1 08 

1 08 

1 10 1 
1 08 

1 10 

1 08 

1 10 

1 10 

1 08 

1 10 

1 10 

1.10 

1 10 
1.10 
1.08 

1 12 

1 10 
1.10 

1 10 

1 10 
1.10 

1.12 

1.10 

1.10 

1.12 

1.10 

1.12 

1.10 

1 12 
1.12 
1.10 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 

9.707166 

.707478 

.707790 

.708102 

.708414 

.708726 

.709037 

.709:W9 

.709660 

.709971 

.710282 

9.710.5!)3 

.7um>i 

.711215 

.711.525 

.7118146 

.712146 

.712456 

.7127(i6 

.71:4076 

.71:4:486 

9.71:4696 

.714005 

.714314 

.711624 

.7149:4;4 

.71.5212 

.71.5.551 

.71.5860 

.716168 

.716477 

o.Tierun 

.717093 

.717401 

.717709 

.718017 

.718325 

.7186:4:4 

.718940 

.719248 

.719.555 

9.719862 

.720169 

1 .720470 

1 .720783 

.721089 
.721.396 
.721702 
.?22009 

.722:415 

.722621 

9.722927 

.7282:42 

.728.588 

.723844 

.724149 

.724464 

.724760 

,725065 

.725370 

9.725874 

5 20 

5 20 

5 20 
5.20 

5 20 
5.18 

5 20 
5.18 

5.18 

5 18 

6.18 

5 18 

5 18 

5 17 

5 18 

5 17 

5 17 

5 17 

5 17 

5 17 
.5 17 

5 15 

5 15 
5.17 

5 15 

5 15 
5.15 
5.15 

5 13 

5 15 
5.13 1 
5 13 

5 1.3 

5 13 

5 13 

6 13 
5.13 

5.12 

6 13 

5 12 

6.12 

5 12 

5 12 

5 12 
5.10 

5.12 

6 10 

6.12 
5.10 
5.10 
5.10 

5 08 
5.10 

5 10 
5.08 

5 08 
.6.10 

; 6.08 

6 06 
6.07 

10.292834 

.292.522 

.292210 

.291898 

.291.586 

.291274 

.290963 

.290651 

.290340 

.290029 

.289718 

10 289407 
.289096 
.2887a5 
.288475 
.288164 
.287854 
.287544 
.2872:44 
.286924 
.286614 

10.286304 

.285995 

.285686 

.285:476 

.285067 

.284758 

.281449 

.281140 

.28:48:42 

.283523 

10.283215 

.282907 

.282599 

.282291 

.281983 

.281675 

.281367 

.281060 

.280752 

.280445 

10.280138 

.279831 

.279524 

.279217 

.278911 

.278604 

.278298 

.277991 

.277685 

.277379 

10.277073 

.276768 

.276462 

.276156 

.275851 

.275646 

.275240 

.274935 

.274680 

10.274828 

60 

59 

68 

57 

.56 

,55 

54 

5:4 

52 

51 

50 

49 

48 

47 

46 

45 

44 

4:4 

42 

41 

40 

39 

38 

37 

36 

35 

84 

33 

82 

81 

80 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 

~ 

Cosine. 

1 D. r. 

ll Sine. 

1 D. r. 

Cotang. 

i D. 1*. 

1 Tang. 

1“ 
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S8° LOGARITHMIC' SINKS, (X)SIN^, ^N^AND C^A^S.^151I° 

' i Sine. 1 B. 1*. |1 Cosine, j B. 1'. !| Tang. I B. 1 . I Cotang. I 


0 i 9.671609 

1 .671847 

2 .6?2084 

3 .6723ai 

4 . 6725.'i8 
6 1 .6?*»79,5 

6 I .673032 

7 1 .673268 

8 .67;i505 

9 .673741 


10 1 

; 67397 7 

11 

9.674213 

12 

.674448 

i:4 

.6746IM 

14 

i .674919 

15 

1 .(575155 

16 

.675:390 

17 

.67:5021 

18 

.67.5a5!> 

19 

.676091 

20 

.676328 

21 

' 9.673562 

22 

, .6767'96 

33 

.677080 

24 

' .677264 

35 

i .677498 

2(5 

, .677731 

27 

1 .67790-1 

28 

.678197 

20 

.678430 

30 

i .678603 



31 

82 ! 

y 

.679128 

33 

.679:300 

34 

.679592 

35 

.079824 

36 1 

.68005(5 

87 

.680288 

38 ! 

.680519 

39 1 

.680750 

40 

.680982 

41 

9.681213 

42 

.681443 

43 

.681674 

44 

,681935 

45 ! 

.682135 

46 1 

.682305 

47 

.682595 

48 1 

.682825 

49 

.6830.55 

50 

.683284 

51 

9.688614 

52 

.683743 



54 .684201 

55 .684430 

56 .684658 

57 .684887 

58 .685116 

69 ' .685343 

60 9.685571 I 


^ Cotang, j 

; 

1 10 274320 1 

60 

.274021 

59 

.27:3716 

.58 

.273412 

57 

.273108 

56 

.27280:3 

55 

.272499 

54 

.272195 

53 

.271891 

.52 

.271588 

51 

.271284 

.50 

10 270980 

1 49 

.270677 

48 



.270071 

46 

.2(59767 

1 45' 

.2694(55 

44 

.2691(52 

1 43 

.2688.59 

421 

.268556 

41 

.268254 

40 

10 267952 

39 

„ 2676-19 

38 

.267347 

37 


Sine. 1 B. 1*. 


^ .2(57045 I 36 

I .26(5743 35 

5 02 2(5(^42 84 

5 03 266140 33 

5 .265838 82 

0 .2(55537 31 

r as 

; ^ 10.264934 29 

V> .2(54633 28 

0 .264332 27 

S 02 .2(54031 26 

0 .2(58781 25 

0 .263430 24 

0 .2(581:30 I 23 

;> ^ .262829 22 

0 .262529 1 21 

■„ 10 261929 ' 19 

5 00 .201629 I 18 

^ S -^01329 17 

^ 00 261029 16 

6 ^ .260729 I 16 

4 98 .260430 14 

5 00 260130 I 18 

4 98 .259831 12 

4 98 259.532 11 

4 ^ .259238 I 10 

. Oft 10.258934 9 

4 98 258636 8 

4 98 258336 7 

4 97 .258038 6 

IS •2f5^9 5 

4.97 .257441 4 

4 98 .257142 3 

4 97 . 256844 2 

4 97 .256546 1 

4-97 10 256248 0 

B. r. 1 Tang. 1 ' 


U8‘ 


ri44ol 


01 * 
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0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 


29 

30 


34 

85 


37 

38 


41 

42 

43 
41 

45 

46 

47 

48 

49 

50 

51 

52 
63 

54 

55 

56 

67 

68 
59 


® LOGARITHMIC SINES, COSINKS, TANS AND C50TANS. 150® 


Sine. 


D. 1'. 


Cosine. B. 1'. 


9.6a5.571 

.685799 

.686027 

.686254 

.686482 

.686709 

.686936 

.687163 

.687389 

.687616 

.687843 


3.80 

3.80 

3.78 

8.80 
3 73 
8 78 
8 78 
3 77 

8.78 
3 78 
3.77 


9.941819 I 
.941749 I 
' .941679 1 
.941609 
.941539 
.941469 
.941398 
.941328 
.941258 
.911187 
.941117 


1 17 
1.17 


1.17 
1.17 
1.17 
1 18 
1 17 

1.17 

1.18 

1.17 

1.18 


9.688069 

.688295 

.688521 

.688747 

.688972 

.689198 

.689423 

.689648 

.689873 

.690098 


3 77 
3 77 
3 77 
8 75 
3 77 


3 75 


3 75 
3 75 
3 75 


3.75 


9.941046 

.940975 

.940905 

.940834 

.940763 

.940693 

.940622 

.940551 

.940480 

.940409 


1.18 

1.17 

1.18 
1.18 
1 17 
1.18 
1.18 
1 18 
1 18 
1.18 


.690548 

.690772 

.690996 

.691220 

.691444 

.691668 

.691892 

.692115 

.692339 


8.75 
8 73 
8 73 
3.73 

3.73 

8.73 
8 73 

3.72 

8 7:4 

8.72 


F.»-tlJOOO 

.9402(57 

.940196 

.940125 

.940054 

.989982 

.939911 

.939&40 

.939768 

,9:49697 


1.18 
1 18 

1 18 

1.18 
1 20 

1.18 
1 18 

1.20 
1 18 

1 20 


.692785 

,693008 

,6932:41 

.693453 

.693676 

.693898 

.694120 

.694342 

.694564 


3 72 
3 72 
8 72 

8.70 
3 72 
8 70 
8 70 
3 70 
3 70 

3.70 


.939554 

.939482 

.939410 

.939339 

.939207 

.939195 

.939123 

.939052 

,938980 


1.18 
1,20 
1 20 
1.18 
1.20 
1 20 
1.20 
1.18 
1 20 
1.20 


9.694786 

.695007 

.695229 

.695450 

.695(571 


3 68 
3 70 
8 68 
8 (58 
3 68 


.696113 

.696384 

.696554 

.696775 


3 68 
8 67 
3 68 
3.67 


9.938908 

.938836 

.938763 

.938691 

.938819 

.938547 

.938475 

.938402 

.9883:40 

.988258 


1 5 
1 S 
1.20 
1.20 
1 20 
1 20 
1.22 
1 20 
1.20 
1.22 


9.696995 

.697215 

.697435 

.697654 

,697874 

.698094 

.698313 

.698532 

.698751 

9.698970 


3 67 
3 67 
8.65 
8.67 
3 67 

8.65 
8 65 

3.65 

8.65 


9.938186 

.938113 

.938040 

.937967 

.937895 

.937822 

.987749 

.937676 

.937604 

9.937531 


I Cosine. 


Ii 


Sine. 



1 D. r. 


Tang. 

D. 1'. 

Ootang. 


9.743752 

4 97 
4.97 
4.95 

4 97 
4.95 
4.97 
4.95 
4.95 
4.95 

4 95 
4.05 

10.256248 

60 

.744050 

.255950 

69 

.744348 

.255652 

66 

.74464') 

.255355 

57 

.744944 

.255057 

56 

.745240 

.254760 

55 

.745538 

.254402 

54 

.746835 

.254165 

53 

.748132 

.253868 

52 

.746429 

.25.3571 

51 

.746726 

.253274 

50 

9.747023 

4.93 

4.95 

4.95 

4.93 

4.93 

4.93 

4 93 
4.93 

4 93 
4.93 

10.252977 

49 

. 747:419 

.252681 

48 

.747616 

.252384 

47 

.747913 

.252087 

46 

.748209 

.261791 

45 

.748505 

.251495 

44 

.748801 

.251199 

43 

.749097 

.250903 

42 

.749393 

.250607 

41 

! .749689 

.250311 

40 

1 0.749985 

4 93 

4 92 

4 93 

4 92 
4.92 
4.92 

4 92 

4 92 

4 92 
4.92 

10.250015 

39 

1 .750281 

.249719 

38 

1 .750)76 

.249424 

37 

i .750872 

.249128 

36 

i .751167 

.248833 

35 

1 .751462 

.248538 

84 . 

.751757 

.248248 

33 

1 .7520)2 

.247948 

32 

.752347 

.247653 

31 

1 .752642 

.247358 


I 9.752937 

• 4.90 
4.92 

4 90 
4.92 

4 90 

4 90 

4 90 
4.90 
4.90 
4.88 

10.247068 

29 

.7532:41 

.240769 

28 

, .753526 

.24(^74 

27 

■ .753820 

.246180 

26 

I .754115 

.245885 

25 

.754409 

.245591 

24 

.754703 

.245297 

23 

.754997 

.245003 

22 

.7.55291 

.244709 

21 

.755585 

.244415 

20 

9.755878 

4.90 

4 88 

4 90 

4 88 
4.88 
4.88 

4 88 
4.88 

4 88 
4.88 

10.244122 

19 

.756172 

.243828 

18 

.756-1(55 

.243535 

17 

.756759 

.243241 

16 

.757052 

.242948 

15 

.757345 

.242665 

14 

.757638 

.242362 

13 

.757931 

.242069 

12 

.758224 

.241776 

11 

.758517 

.241483 

10 

9.758810 

4.87 

4.88 
4.87 

4.87 

4.88 
4.87 

4 87 

4 87 

, 4.85 

10.241190 

9 

.75910I15 

.240896 

8 

.759395 

.240605 

7 

.769687 

.240313 

6 

.750979 

.240021 

5 

.760272 

.239728 

4 

.760564 

.239486 

8 

.760856 

.239144 

2 

.761148 

.288852 

1 

9.761489 

10.288561 

0 

ii Cotang. 

1 D. r. 

1 Tang. 

f 


60® 


119‘ 
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30^* LOGAKITHMIC SINES, COSINES, TANS AND C0TAN8. 149' 


Bine. D. 1" 


9.698970 


.700062 

.700280 

.700498 

.700716 

.700933 

.701151 


.701585 

.701802 


.702885 

.703101 

.703317 

9.703533 

.703749 

.7039(U 

.704179 

.704395 

.701610 

.704825 

.705040 

.7052.54 

.705469 

9.705683 

.705898 

.706112 

.706326 

.706539 

.706753 

.706967 

.707180 

.707393 

.707606 

9.707819 

.708a32 

.708245 

.708458 

.708670 


.709094 


.709518 

.709730 

9.709941 

.710153 

.710364 

.710575 

.710786 

.710997 

.711208 

.711419 

.711629 

9.711889 


* I Cosine. 


8.65 
3.63 
3 65 
3 63 
3.63 
3 63 
3.63 
3.63 

3.62 

3.63 
8.62 
3 62 
3 62 
3.62 


3 60 
3 GO 
3 60 
3.60 
3 58 
3 58 
3.60 
8.58 
8 58 
8 58 
8 57 
3 58 

3.57 

8.58 

8.67 
8 67 
3 55 

3.67 
3.57 
8.65 
8 56 

8.55 

3.55 

8.55 
8.65 
8.55 

8.53 

3.53 

3.68 
8.63 

8.53 

3.53 

8.52 

8.53 

8.52 

3.52 

8.52 


8.52 
8 50 
8.50 


Cosine. D. 1*. 


D. r. 


9.937531 

.937468 

.937386 

.93r312 

.937238 

.937165 

.937092 

.937019 


.936872 

.986799 

9.936725 


.936578 

936505 

.936431 

.936857 

.936284 

.936210 

.936186 

.936062 


.935914 

.935840 

.935766 

.9;45692 

.935618 

.935548 

.935469 

.935895 

,935320 

9.935246 

.9a5171 


.9^5022 

.934948 

.934873 


.934723 

.934649 

.934574 

9.934499 

.984424 

.9;i4349 

.934274 


.934123 

.984048 


9.933747 

.933871 


933445 

.938369 


.933217 

.933141 

9.933066 


1.22 
1.22 
1 22 
1.23 
1.22 
1.22 
1.22 
1 22 
1.23 
1.22 
1.23 

1.22 
1.23 
1.22 
1.23 
1.23 
1.22 
1.23 
1.23 
1.2:1 
1.23 
1 23 
1 23 
1 23 
1 23 
1.23 
1.25 
1.23 
1.23 
1.25 
1.23 

1 25 
1.23 
1.25 
1 23 
1.25 
1 25 
1 25 
1.23 
1.25 
1 25 

1 25 
1 25 
1 25 
1.25 
1.27 
1.25 
1 25 

1.25 

1.27 

3.25 

1.27 
1 ‘15 
1 27 

1.25 

1 sr- 

1.2< 

1.27 
1.27 
1.25 


Tang. 


.761731 

.762023 

.762314 


D. r. Cotang. 


.762897 

.763188 

.763479 

.768770 

.784061 

.764352 

9.764643 
.764963 
.765224 
.765514 
.765805 
.76605)5 
.766385 
.766675 
.766965 
.767255 
9.767545 
.767834 
.768124 
.761^14 
.76870:1 
.768992 
.769281 
.769571 
.769860 
.770148 
9.770437 
.770726 
.771015 
.771303 
.771592 
.'JTISHO 
.-772168 
.772457 
72745 
.773033 
9.773321 
.778608 
.773896 
.774184 
.774471 
.774759 
.775046 
.775338 
.775621 
.776908 
9.776195 
.776482 
.776768 
.777066 
.777842 
,777628 
.777915 
.778201 
.778488 
C. 778774 


4.87 
4 87 
4 85 
4 87 
4 85 
4.85 
4 85 
4.85 
A 85 
4 85 
4.85 

4.63 
4 85 
4.83 
4 85 
4.83 
4 83 
4.63 
4 83 
4 83 
4.83 

4 82 

4 as 

4.a3 

4.82 

4.82 

4.82 

4.83 
4.82 
4 80 
4.82 
4 82 
4 82 
4.80 
4 82 
4.80 
4 80 
4 82 
4 80 
4 80 
4.80 
4.78 
4 80 
4 80 
4 78 
4.80 
4.78 
4 78 
4.80 
4 78 
4.78 
4 78 
4.17 
4.78 
4 78 
4 77 
4 78 

4.77 

4.78 
4.77 


D. r. jl Cotang. | D. 1". 


.237977 

.237686 


10.238661 

‘ 59 
58 
57 
66 
55 
54 

5:1 

52* 
.235939 i 61 
.235648 I 50 
10.235357 

* ' 48 

.234776 ; 47 
.234486 1 46 
.234195 45 

.233905 1 44 
,233615 43 
42 
41 
40 


.2330.T) 

.232745 

10.232465 


.231876 

.231588 

.231297 

.231006 

.230719 

.230429 

.230140 

.229852 


.228697 


10.226679 


.226104 


.224379 

.224092 


.228518 


87 
36 
36 
34 
33 
I 32 
i 31 
30 

29 

28 

27 

26 

25 


.221799 
.221512 
10.1 


Tang. 1 



31 ® LOGARITHMIC SINES, COSINES, TANS AND COTANS. 148 ® 


t 

Sine. 

D. r. 1 

Cosine. 

D.r. 1 

Tang. 

D. 1'. 

Cotang. 


0 

1 

2 

8 

4 

5 

6 

8 

9 
10 

11 

12 

13 

14 

15 

10 
ir 
18 

19 

20 

21 

22 

23 

24 

25 
28 

27 

28 
29 
80 

31 

32 

34 

ao 

36 

37 
J18 

39 

40 

41 

42 

43 

44 

45 
40 

47 

48 

49 

50 

51 

52 

5:1 

54 

50 

57 

58 

59 

60 

9.711839 

.712050 

.712200 

.7124<i9 

.712079 

.712889 

.713098 

,713308 

.713517 

.713720 

.713935 

9.714144 

.714352 

.714501 

.711709 

.714918 

.715180 

.715394 

.115002 

.715809 

.710017 

9 7in2;M 
.1 10 132 
.710039 
.710840 

.iiiavi 

.117259 
.717400 
.717073 
.717819 
.718085 
9.718291 
.718497 
.718703 
.718909 
.719114 
.719320 
.719525 
,719730 
.719935 
^120140 
9.720315 
.720519 
.72()1’54 
.?2095H 
.721102 
.721300 
.721570 
.721774 
.721978 
.722181 
9.722885 
.?2258S 
.722791 
.722994 
.723197 
.723400 
.723603 
.728805 
.7‘24007 
9 724210 

3.52 

3.50 

3.48 

3 .50 
3.50 
3.48 
3.50 
3.48 

3 48 

3 48 
3.48 

3 47 
3.48 
3.47 

3 48 

3 47 

3 47 

3 47 

3 45 

3 47 
3.45 

3 47 

3 13 

3 15 

3 45 ' 
3 43 

3 45 ' 
3.45 

3 43 
3.413 i 
3.43 1 
3 43 i 
3.43 
3.43 

3 42 
3.43 

8.42 

3 42 

3.42 i 

3.42 

8.42 ' 

3 40 1 

3.42 ! 
3 40 : 
3.40 1 
3 10 I 
3.40 
3.40 1 
3.40 

3.38 
3.40 

8 m 

8 38 
8.:38 

8 38 

8 88 

8.38 
8.37 

8.37 

3.38 

9.9a3066 

.9:32990 

.9:32914 

.932838 

.982702 

.9132085 

.932(509 

,9325:3:3 

.932457 

.932380 

.9:32304 

9.a32228 

.932151 

.932073 

.931998 

.9:11921 

.931845 

.9.31708 

.931091 

.931014 

.9:31537 

9.9.31460 

.93138.3 

.931300 

.9:31229 

.931152 

.9.31075 

,930998 

.930921 

.930843 

.930760 

9 930688 
.9:30011 
.930.5.3:3 
.9304,50 
.9.30378 
.9.30300 
.930223 
.9:30145 
.9.30067 
.929989 

9.929911 

.929^33 

.9297.55 

.929077 

.929599 

.929.521 

.929442 

.929304 

.i«5)280 

1 .929207 
9.929129 
.929050 
.928972 
.928893 
.928815 
.9287:30 
.9280.57 
. .928578 

.928499 
9.928420 

1 27 
1.27 
1.27 
1.27 

1 28 
1.27 
1.27 
1.27 

1 28 

1 27 
1.27 

1 28 

1.27 

1 28 

1.28 

1 27 
1.28 

1 28 
1.28 
1.28 
1.28 

1 28 
1.28 
1.28 
1.28 
1.28 
1.28 

1 28 

1 30 

1 28 
1.30 
. 1.28 

1 :30 

1 28 

1 :30 

1 30 
1.28 

1 30 

1 30 

1 30 

1 1.30 

1 30 

1 30 
1.30 
1.30 
1.30 

1 32 

1 30 
1.30 

1 32 

1 30 

1 .32 
1.30 
1.8:2 
1..30 
1.32 
1.83 
1.32 
1.32 
1.32 

9.778774 

.779000 

.779a46 

796:32 

.779918 

.780203 

.780489 

.780775 

.781060 

.781,346 

.781631 

9.781916 

82201 

.782486 

.762771 

.783a5(5 

.783:341 

.7a3620 

.783910 

.784195 

.784479 

9.784764 
.785048 
.785a32 
.785616 
.785900 
.786184 
.786468 
.7867.52 
.787636 
.787319 
9.787603 
.787880 
.788170 
.78845:} 
.788780 
.789019 
.789802 
.789585 
i .789868 

1 .790151 

9.7964,34 
.790710 

1 .7'90999 

i .791281 

1 .791563 

1 .791846 

! .792128 

7i>2410 
.71>2(;92 
.792974 

9.763256 
i .793588 
. .79:3819 

1 .794101 

1 .7944383 

! .794664 

.794946 
.79.5227 
.795508 
i 9.795789 

4 77 
4.77 

4 77 

4 77 

4 75 

4 77 

4 77 

4 75 

4 77 

4 75 

4 75 

4 75 
4.75 

4 75 
4.75 

4 75 

4 75 

4 73 

4 75 

4 73 
4.75 

4 73 

4 73 

4 73 

4 73 

4 73 

4 73 

4.7:3 

4 73 

4 72 
4.’;:3 

4 72 

4 73 

4 '32 

4 72 

4 72 

4 72 

4 '52 

4 72 

4 72 
4.W 

1 4 70 

4 '52 

4 ^0 
4.70 

4 ?2 

4 70 

4 U) 

4 70 

4 70 

4 70 

4 70 

4 08 

4 70 

4 70 
4.68 

4 70 
4.t» 
4.68 
4.68 

10 221226 
.220940 
.220054 
.220368 
.220062 
.219797 
.219511 
.219225 
.218940 
.218654 
.218360 

10.218064 

.217799 

.217514 

.217229 

.216944 

.210659 

.216374 

.210090 

.215806 

.215521 

10.215286 

.214952 

.214668 

.214884 

.214100 

.213816 

.21.3582 

.213248 

212964 

.212681 

10 212397 
.212114 
.211830 
.211.547 
.211264 
.210981 
.210098 
.210416 
.210132 
.200849 

10.209.566 

.209284 

.20{K)01 

.208719 

.208437 

.208154 

.207872 

.207590 

.207:308 

.207026 

10.206744 

.206402 

.206181 

.205899 

.205617 

.205836 

.205054 

.2047r3 

.204492 

10.204211 

60 

59 

68 

67 

66 

65 

54 

53 

52 

61 

50 

49 

48 

47 

46 

46 

44 

48 

42 

41 

40 

89 

88 

87 

36 

35 

84 

38 

82 

81 

30 

29 

28 

27 
26 
25 
24 

28 
22 

21 

20 

19 

18 

17 
16 
16 
14 

18 
32 
11 
10 

9 

8 

7 

6 

6 

1 

2 

1 

0 

“ 7 ” 

1 Cosine. 

1 D. 1*. 

i 1 Sine. 

I'd. r. 

i Cotong. 

D, r. 

Tang. 

/ 
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ja® logarithmic sinks, 

- 1 Sine. I D. 1-. Cosine. ! D. r. || Tiuig. j I>. I'- I Cotnng. j ' 


0 9 784210 O 37 | 9 

1 .724412 ^37 I 

2 .724614 

3 . 724816 3 35 

-SIS 3:37 I 

5 .725219 3 35 

6 .725420 

7 .725622 ^ % 

8 . 725823 

9, .726024 

10 i .726225 I S 

12 .736626 J g 

15 . 727228 3 33 ; 

16 . 727428 

17 . 727628 I 3 33 

8 . 727828 

19, .728027 

20 ; .728227 I 33 , 

21 9 728427 3 33 

22' 728626 I 

23 . 728825 il 

554 .729024 o.^ I 

S .72922:1 rg 

27 .?29621 3 32 

28 . 729820 

29 1 .730018 3 M 

30 . 780217 

31 8.30 

32 I .730613 3 30 

33 . .730811 

34; .7310W Is 

85 .731206 ! 

86 .731404 Is 

37 -M 3.1 

38 . 731799 g 28 

39 . 731996 | g 

40 . 788193 |g 

42 ' .782587 3 28 

43 j .^4 3-27 

44 .732980 3 28 

45 I .738177 I'g 

46 . 733873 

47 , .733569 

48 .733765 I'g 

49 .733961 | ^ 

60 ; .734157 I g 

51 9.784353 g 27 

52 .7.^49 I g 

53 . 734744 Ig 

54 ' .734939 3 g 

65 .785135 

56 735330 I'g 

67 . 785525 jg 

58 .735719 t g 

59 .735914 | g 

60 9,786109 


9.927549 
927470 ' 
.927390 I 
.927310 1 
.927231 
927151 
927071 ' 
.926991 
.926911 j 
.926831 


9.925949 
.925868 
.925788 
.925707 
.925626 
.925545 
1 .925435 

.925384 1 
.925303 I 
.925222 


9.804466 

.804745 

.805023 

1 .805302 
.805580 
.805859 
.806187 
.806415 
.806698 
800971 

I 9.807249 
.807627 
.807805 
.808083 
.808361 
1 .808638 

I .808916 
; .800193 

.809471 
; .809748 

j 9.810025 
.810302 
.810580 
.810857 
\ .811134 

.811410 
.811687 
.811964 
' .812241 

'i 0 812517 


10.204211 1 60 
.203930 1 69 
.203649 58 

.20:i368 1 57 
.203087 : 56 
.202806 55 
.202526 , 54 
.202245 53 
.201964 52 
.201684 i 51 
.201404 ; 50 

10.201123 ! 49 
.200843 48 
.200563 1 47 

1 .200283 I 46 

.200003 : 45 

1 .199723 ' 44 

1 .199443 43 

.199164 42 

. 11)8884 41 
.198604 40 

10 198325 39 

.198045 1 38 
.197766 37 

.197487 ' 36 
.197208 35 

19692H ; 64 
.196619 ! 33 
.196370 1 32 
.196091 1 31 
.195813 I 30 
10.195534 29 

.196255 I 28 
194977 I 27 
.194698 I 26 
.194420 ; 25 
.194141 I 24 
.193863 , 23 
.193585 I 22 
.193307 21 


10.192751 19 

.192473 18 

.192195 17 

.191917 16 

.191639 15 
.191362 14 

.191084 13 
.190807 i 12 
.190529 . 11 
.190252 I 10 
10.189975 I 9 
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33 “ LOGARITHMIC SINKS, COSINES, >an» aND COTANS. 146 < 


j Cine. 1 1). r. 

I 


1 


Cosine. I). 1'. 


Tang, 


D. 1*. 


9.730109 

.736G03 

.736498 

736692 

.7:16886 

.737080 

.737274 

.737467 

.7370(51 

.TSTR'iS 

.738048 

9.738241 

.738434 

.738627 

.738820 

.739013 

.7:10206 

.739398 

.739r>90 

.739783 

.739975 

9.740167 

.740:io9 

.740550 

.740742 

.740934 

.741125 

.741816 

.741508 

.741699 

.741889 

9.742080 

.742271 

.742462 

.742652 

.742842 

.74303:1 

.743223 

.743413 

.743602 

.748792 

9.743982 

.744171 

.744361 

.7445.50 

.744739 

.744928 

.74.5117 

.745306 

.74.5494 

.745683 

9.74.5871 

.7400(>0 

.746248 

.7464:16 

.746624 

.746812 


.747187 

.747374 

9.747562 


1 Cosine. 


8.28 

8.25 


8.22 

5.22 

3.22 
8.22 
8.22 
3.22 
3.22 
3 20 
3 20 
3 22 
3 20 
3.20 
3 20 
8.18 
8.20 
8.20 
8.18 
8.18 
8.20 
8.18 

8.17 

8.18 

8.18 
8 18 

8.17 

3.17 

3.18 
8 17 
3.17 

8.15 
3 17 
3.17 

3.15 

3.17 

8.15 
3 15 
8 15 

3.15 

8.15 
8 13 
8 15 

8.18 
8.15 
8.13 
8.13 
8 13 
8.13 
8.12 

8.13 
8.12 

3.13 


D.r. I 


9.922686 


1.87 
1.37 
1 37 
1.37 

1.37 

1.38 
1.37 

1.88 

1.37 

1.38 

1.37 

1.38 
1.38 
1 37 
1.38 
1.38 
i.;i8 
1 38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.40 
1-38 
1 38 
1.40 
1.38 
1.40 
1.88 

1.40 

1.40 
1.38 
1 40 

1.40 
1 40 
1 40 
1.40 
1.40 
1 40 
1.40 

1.42 
1.40 
1.40 
1.42 
1 40 
1.42 
1.40 
1.42 
. 1 40 
1.42 
1.42 
1.42 
1.40 
1 42 
1.42 
1.42 

1.42 

1.43 
1.42 


Sine. 


9.R12517 

.812794 

.8i:Kno 

.81.3347 

.81:4623 

.813809 

.814176 

,814452 

.814728 

.815004 

.815280 

9.815555 

.8158.31 

.816107 

.816382 

.816658 

.816933 

.817209 

.817484 

.817759 

.818035 

9.818310 

.818585 


.819185 

.819410 

.819684 

.8199.59 

.820234 

.826508 

.820783 

9.821057 

.821832 

.821606 

.821880 

.822154 

.822429 

.822763 

.822977 

.823261 

.823.524 

9.823798 

.824072 

.824315 

.824619 

.824893 

.825166 

.8i5439 

.825718 


9.826532 
.826805 
.827078 
.827351 
.827624 
.827897 I 
.828170 ■ 
.828442 
.828715 
9.828987 


4 62 
4.60 
4 62 
4.60 
4 60 
4.62 
4 60 
4 60 
4 60 
4 60 
4.58 
4 60 
4 60 
4 58 
4 60 
4 .58 
4 60 
4 58 
4 58 
4 60 
4.58 
4.58 
4 58 
4 58 
4.58 
4 57 
4.58 
4.58 
4.57 
4 58 

4.57 
4 .58 
4 57 
4 57 
4 .57 

4.58 
4.57 
4.57 
4.57 
4 55 
4.57 
4 .57 
4 55 
4 57 
4 57 
4.55 
4.55 
4.67 
4 55 
4.55 
4.55 
4 65 
4.. 55 
4. .55 
4 55 
4 55 
4.. 55 
4.53 
4.55 
4.53 


Cotang. 


10.187483 

.187206 


.186653 

.186377 

.186101 

.18,5824 

.185548 

.185272 

.184996 

.184?20 

10.184445 

.134169 


.183618 


.183067 

.182791 

.182516 

.182241 

.181965 

10.181690 

.181415 

.181140 


.180590 
.180316 
.180041 
.179766 
. .179492 
.179217 
10.178943 
.178668 
.178394 
.178120 
.177846 
177571 
.177297 
.177023 
.176749 
.176476 
10.176202 
.175928 
.175655 
.176381 
.175107 
.174834 
.174561 
.174287 
.174014 
.173741 
10.173468 
.173195 
.172922 
.172649 
.172376 
.172103 
.171830 
.171558 
.171285 
10.171013 


1 Cotang, i D. 1*. [ Tang. 
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34 ° LOGAEITHMIC SINES, COSINES, TANS AND COTANS. 145 ® 


/ 

Sine. 

D. r. 

Cosine. 

D. 1-. 

Tang. 

D. 1*. 

Cotang. 

/ 

0 

9.747562 

3 12 
3.12 

3 12 

3 12 
3.12 
3.10 

3 12 

3 10 

3 12 

3 10 

3 10 

9.918574 

1.42 

1 42 

1 43 

1.42 

1.43 

1 42 

1 43 

1 42 
1.43 

1 43 
1.42 

9.828987 

4 55 

4 53 
4.55 
4.. 53 

4 5.3 

4 53 
4.53 

4 .53 
*4.53 
4.53 
4.53 

10.171013 

60 

1 

.747749 

.918489 

.829200 

.170740 

59 

2 

.747936 

.918404 

.829532 

.170468 

58 

8 

.748123 

.918318 

.829805 

.170195 

67 

4 

.748310 

.918233 

.830077 

.169923 

56 

5 

.748497 

.918147 

.830319 

.169651 

55 

6 

.748683 

.918062 

.830621 

.169379 

54 

7 

.748870 

.917976 

.830893 

.169107 

5;3 

8 

.749056 

.917891 

.83116.5 

.168a35 

.52 

9 

.749243 

.917805 

.831437 

.168563 

51 

10 

.749429 

.917719 

.831709 

.168291 

50 

11 

9.749615 

3.10 

3 10 
3.08 

8 10 

8 08 
3.10 
3.08 

3 08 

3 08 

3 08 

9.917634 

1.43 

1 43 
1.43 
1.43 
1.43 
1.43 

1 43 

1 43 
1.45 

1 43 

0.a31981 

4.53 

4 53 

4.52 

4.53 

4 52 

4. . 53 

4.. 52 

4 53 

4 52 

4 52 

10.168019 

49 

12 

.749801 

.917548 

.&322.53 

.167747 

48 

13 

.749987 

.917462 

.832.525 

.167475 

47 

14 

.750172 

.917316 

.832796 

.167204 

46 

15 

.750358 

.917290 

.a33068 

.1669;32 

45 

16 

.750543 

.917204 

.803339 

.166661 

44 

17 

.750729 

.917118 

.833611 

.166389 

48 

18 

.750914 

.917032 

.a33882 

.166118 

42 

19 

.751099 

.916940 

.8311.54 

.165816 

41 

20 

.751284 

,916859 

.831425 

.165575 

40 

21 

9.751469 

8 08 
3.08 

8.07 

8.08 
3.07 
3.07 

8 07 

3 07 
3.07 
3.07 

9.916773 

1.43 

9.034696 

4 52 
4.52 
4.52 

4 52 
4.. 52 
4.. 52 
4.52 
4.52 

4 50 
4.52 

10.165304 

39 

22 

.751654 

.916687 

.a31967 

.165038 

38 

23 

.751889 

.916600 

1 .45 

1 43 
1.45 
1.48 

1 45 
1.45 
1.43 

1 45 

1 45 

.835238 

.164762 

87 

24 

.752023 

.916514 

.835509 

.164491 

86 

25 

.752208 

.916427 

.835780 

.164220 

35 

26 

,752392 

.916341 

.836051 

.168949 

34 

27 

.752576 

.916254 

.mm 

.163678 

33 

28 

.752760 

.916167 

.836593 

.103407 

32 

29 

.752944 

.916081 

.836864 

.16.31.36 

31 

30 

.768128 

.915994 

.837134 

.162866 

80 

81 

9.753312 

8.05 

3 07 

8 07 
3.07 

3.05 

3 05 

8.05 

8.05 

3 03 

3.05 

9.91.5907 

1.45 

1.45 

1.45 

1.45 

1 45 

1 45 
1.47 
1.45 
1.45 
1.47 

9.837405 

4 .50 
4.52 
4.50 
4.52 
4.50 

4 .50 

4. .50 

4 .52 
; 4 .50 

1 4.50 

10.162.595 

29 

32 

.753495 

.915820 

.837675 

.162325 

28 

33 

.753679 

.OlSTiKi 

.837946 

.162054 

27 

34 

.753862 

,915646 

.888216 

.161781 

26 

35 

.754046 

.915559 

.838487 

.161513 

25 

36 

.754229 

.915472 

.838757 

.161243 

2.4 

37 

.754412 

.915385 

.839027 

.160973 

23 

38 

.754595 

.915297 

.839297 

.160703 

22 

39 

,754778 

.915210 

.839568 

.160432 

21 

40 

.754960 

,915123 

.839838 

.160162 

20 

41 

9.756143 

3.05 

3 03 
3.03 
3.03 

3.03 

8.03 

3.03 

9.915035 

1.45 

1.47 

1.45 

1.47 

1 45 
1.47 

1 47 
1.47 
1.47 . 
1.47 

9.840108 

4 .50 
4.50 

4 48 

4 50 

4 50 
4.50 
4.48 

4 ,50 

4 48 
4.50 

10.159892 

19 

42 

.755328 

.914948 

.840378 

.159622 

18 

43 

.755508 

.914860 

.840048 

.159352 

17 

44 

.755690 

.914773 

.840917 

.159083 

16 

45 

.755872 

.914685 

.841187 

.158813 

15 

46 

.756054 

.914598 

.841457 

.158543 

14 

47 

.756236 

.914510 

.841727 

.158273 

13 

48 

.756418 

.914422 

.841990 

.158004 

12 

49 

.750600 

8 ^ 

.914384 

.842266 

.1.57734 

11 

50 

.756782 

3!o2 

.914246 

.842535 

.157405 

10 

61 

9.756963 

8.02 

3 03 

Q AO 

9.914158 

1.47 

1.47 

1.47 

1.47 

1.47 

1.47 

1 48 
1.47 
1.47 

9.842805 

4 48 
4.48 
4.48 
4.50 
4.48 

1 4.48 
4.48 

1 4 48 
4.48 

10.157195 

9 

52 

.757144 

.914070 

.813074 

166926 

8 

53 

.757320 

.913982 

.843343 

.156657 

7 

54 

.757507 

o.lw 

,918894 

.843612 

.156388 

6 

65 

.757688 

3 03 
802 

3.02 
3.00 

8.02 
3.00 

.913806 

.843888 

.156118 

5 

56 

.757869 

.913718 

.844151 

.155849 

4 

57 

.758050 

,913680 

.844420 

.155680 

8 

68 

.758280 

913541 

.814689 

.165811 

2 

59 

.758411 

.913458 

.844958 

.155042 

1 

60 

9.758691 

9.913165 

9.845227 

10.154773 

0 

~ 

Ckwiae. 

D.r. 

Sine. 

i>. r. i| 

Cotang. 

1 D.l*. 

i Tang. 1 
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LOGARITHMIC SINES, COSINES, TANS AND COTANS. 144 ® 



Sine. 

.... 

Cosine. 

D. 1'. 

1 

Tang. 

D. r. 

Cotang. 


0 

9.7158591 

3.02 

3 00 
3.00 
3.6) 

3 00 

3 00 

3 00 

2 98 

3 00 

2 98 
2.98 

9.913365 

1 48 

1 48 

1 47 
1.48 

1.47 

1 48 

1.48 

1 48 
1.48 
1.48 
1.48 

! 9.84.5227 

4 48 

4 47 

4 48 

4 48 

4.47 

4 48 

4.48 
4.47 

4 47 

4 48 
4.47 

10.154773 

60 

1 

.758772 

.913276 

.815496 

.154504 

59 

2 

^758952 

.91:1187 

' .845764 

.154236 

58 

3 

.769132 

.913099 

.8460:33 

.153967 

57 

4 

.7.59312 

.913010 

.816302 

.153698 

56 

5 

.7.59492 

.912922 

.iH6570 

.153430 

55 

6 

.759672 

.912833 

.8468:]9 

.158161 

54 

7 

.7.59852 

.912741 

.847108 

.152892 

5:4 

8 

.760031 

.912655 

.817376 

.152624 

52 

9 

.760211 

.912566 

.8176U 

.1.52356 

51 

10 

.760390 

.912477 

.847913 

.152087 

60 

11 

9.760.569 

2.98 

2 98 

2 98 

2 98 

2 98 

2 97 
2.98 
2.97 

9.912388 

1 48 
1.4S 
1.48 

1 50 

1 48 

1 48 
1..50 
1.48 
1.50 
1.48 

9.848181 

4 47 

4 47 
4.48 

4 47 

4 47 

4 47 

4 45 
4.47 

4 47 
4.47 

10.151819 

49 

12 

.760748 

.912299 

.818419 

.151551 

48 

13 

.760927 

.912210 

.848717 

.151283 

47 

14 

.761106 

.912121 

.848986 

.151014 

46 

15 

.761285 

.9120:11 

.819254 

.150746 

45 

10 

.7614(54 

.911942 

.849522 

.150478 

44 

17 

.761642 

.91ia53 

.819790 

.150210 

43 

18 

.761821 

.911763 

.8.50057 

.149W3 

42 

19 

.761999 

.911674 

' .8.50.325 

.149675 

41 

20 

.762177 

2 98 

.911584 

.850593 

,149407 

40 

21 

9.762:1.56 

2 1.7 

2 97 

2 95 

9.911495 

1 50 

1 .50 
1.48 

1 50 

1 .50 

1 50 

1 .50 

1 .50 

1 .50 
1.50 

9.K50801 

4 47 

4 45 

4 47 
4.45 
4.47 

4 45 

4 15 

4 47 

4 45 

4 45 

10.149139 

39 

21 

.702534 

.911405 

.851129 

.148871 

88 

23 

.762712 

.911315 

.851396 

.148604 

37 

24 

.762889 

.911226 

.a51664 

.148336 

86 

25 

.70:10(57 

2 97 

2 9.5 

2 97 

2 95 

2 95 
2.95 

.911136 

.8519:31 

.148069 

35 

26 

.768245 

.911046 

.852199 

.117801 

34 

27 

.763422 

.9109.56 

.8524(56 

.147534 

83 

28 

,763000 

.910866 

.8.527:33 

.147267 

82 

29 

.763777 

.910776 

.853001 

.146999 

81 

30 

.763951 1 

.910686 

.853268 

.146732 

30 

31 ' 

9.764i:il 

2 95 

2 95 1 
2 95 1 
2.93 1 
2 95 1 
2 93 ! 
2 93 , 
2 95 ! 
2.93 
2.93 

9.910596 

1 .50 

9.853535 

4 45 

4 45 

4 45 

4 45 

4 45 

4 45 

4 45 1 
4 45 
4.45 1 
4.43 

10.146465 

29 

32 

.76-1308 1 

.910506 

.853802 

.146196 

28 

:i3 

.764485 ' 

,910415 

1 50 

1 50 
l.,52 
1.50 

1 52 

1 .50 

1 .52 
1.52 

.854069 

.1-15931 

27 

34 

.7640(52 

.910325 

.854386 

.145664 

26 

:i5 

.761838 

.9102:45 

.854603 

.1-15397 

25 

36 

.765015 

.910144 

.854870 

.145130 

24 

87 

.765191 

.910051 

.855137 

.144863 

23 

38 

.7653(57 

.909963 1 

.855404 

.144596 

22 

39 

.765514 

.909873 

.85504 1 

.114329 

21 

40 

.765720 

.909782 

.855938 

.144062 

20 

41 

9.765896 

2.93 

2 92 

9.909691 

1.50 

1.52 

1.52 

1 52 
1.52 
1.52 
1.62 
1.52 
1.52 
1.63 

9.856204 

4,45 

4 43 

4 45 

4 43 , 
4 45 

4 43 i 
4 43 
445 
4.43 
4.43 

10.143796 

19 

42 

.766)72 

.909601 

.8504W 

.143529 

18 

43 

.706:^17 

.900510 

.856137 

.143263 

17 

44 

.766123 

2 92 
2.93 

.909419 

.857004 

.142996 

16 

45 

.766598 

.766774 

.909828 

.857SK0 

.142730 

15 

46 

.909237 

.857537 

.142463 

14 

47 

.760949 

2.92 

2.93 

2 92 
2.90 

.909146 

.857803 

.142197 

13 

48 

.767124 

.909055 

.858069 

.141931 

12 

49 

.767300 

.908964 

.8583:36 

.141664 

11 

50 

.767475 

.908873 

.858602 

.141398 

10 

.51 

9.707649 

2.92 

2.92 

2.90 

o oo 

9.908781 

1.62 

1.52 

1.53 
1.52 
1.63 

1.52 

1.53 
1.53 
1.52 

9.858868 

4.43 

4.43 

4 43 
4.43 
4.43 
' 4.43 
4.43 

4.42 

4.43 

10.141132 

9 

52 

.767824 

.908690 

.859134 

.140866 

8 

53 

54 

.767999 

,768173 

.906599 

.908507 

.859400 

.859666 

.140600 

.140334 

7 

6 

65 

.768348 

2.90 

2.92 

2 90 

2 90 
2.90 

,908416 

.859932 

.140068 

5 

56 

.768522 

.908324 

.860198 

.139802 

4 

67 

.768697 

.906233 

.860464 

.139536 

8 

58 

.768871 

.906141 

.800730 

.139270 

2 

59 

.769045 

.908049 

.860995 

.139005 

1 

60 

9.769219 

9.907058 

9.8612G1 

10.188739 

0 

' 1 Cosine. 

D. r. 1 

1 Sine. 

D. r. 

Cotang. 

; D. 1'. 

i Tang. 

1 


135 ® 


Cl44v3 


54 ‘ 



36 ® LOGARITHMIC SINES, COSINES, TANS AND COTANS. 143 * 


t 

Sine. 

D. 1‘. 

Cosine. 

D.r. 1 

Tang. 

D. r. 

Cotang. 1 ' 

0 

9.769219 

2 90 

2 88 
2.90 

2 88 

9.907958 

1.53 

1.53 

1.53 

1..53 

1 53 

1 53 
1.53 
1..53 

1 .55 

1 .53 
1.53 

9.861261 

4 43 

4 42 

4 43 

4 42 

4 43 

4 42 

4 42 

4 43 
, 4 42 

4 42 
4.42 

10 138739 

60 

1 

2 

.769393 

.769566 

.907866 

.907774 

.861527 

,861792 

.138473 

.138208 

59 

58 

3 

4 

.769740 

.769913 

.SK)7C82 

.907590 

.862058 

.862:32:3 

.137942 

.137677 

57 

56 

5 

.770087 

2 (K) 

2 88 

2 88 

2 88 
2.88 

2 88 
2.88 

.907498 

.862580 

.137411 

55 

6 

.770200 

.907406 

.862854 

.1.37146 

54 


.7704;43 

.907314 

.8<i3119 

.130881 

53 

8 

.770606 

.907222 

.863385 

.136615 

52 

9 

.770779 

.{K)7129 

.8<>36.50 

.136350 

51 

10 

.770952 

.907037 

.863915 

.136085 

50 

11 

9.771125 

288 

9 906945 

1..55 

9 804180 

4 42 
4.42 

4 42 

4 42 

4 42 

4 42 

4 42 

4 42 

4 40 
4.42 

10.135820 

49 

12 

.771298 

.9(M5852 

.80444.5 

.135.555 

48 

13 

.771470 

2 87 

2 88 

2 87 

2 87 
2.87 

2 87 

2 87 

2 87 
2.87 

.906760 

1 .53 

1 55 
1..53 

.804710 

,1:35290 

47 

14 

.771643 

.906667 

.864975 

.135025 

46 

15 

.771815 

.90657.5 

.8C5SH0 

.134760 

45 

16 

.771987 

.906482 

L55 1 
1..55 

1 53 
l-S."* 
1.65 

.865.505 

.1:34495 

44 

17 

.772159 

.906389 

.865770 

.1:34230 

43 

18 

.772331 

.906296 

.866035 

.1.3:3965 

42 

19 

.772503 

.906204 

.80C)300 

.1:3:3700 

41 

20 

.772675 

.906111 

.866504 

.133436 

40 

21 

9.7?2847 

2 85 
2.87 

9.906018 

1.65 

1 KK 

9.866829 

4 42 

10.133171 

39 

22 

.773018 

.90ri925 

.807094 

4 40 

4 42 

4.40 

4 42 

4 40 

4.40 

4 42 

4 10 

4.40 

.132906 

:38 

23 

.773190 

.90.'j832 

J . .«> 

1.55 

1.57 

1 55 
1.55 

1 55 

.867358 

.132342 

37 

24 

.m361 

2 85 

2 87 

.905739 

.807623 

.132:377 

36 

25 

.773533 

.905045 

.867887 

.132113 

35 

26 

.773704 

2.85 

2 85 

2 85 

2 85 

2 85 
2.83 

.9a“i.552 

.868152 

.1:31848 

84 

27 

.773875 

I .90.5159 

.868416 

.131584 

S3 

28 

.774046 

; .905366 

.868080 

.13]32() 

32 

29 

.774217 

; .905272 

.868945 

.1:31055 

31 

SO 

.77’4388 

1 .905179 

i 1.57 1 

I .809209 

.130791 

30 

31 

9.774558 

2a5 

1 2SS 
2.85 ' 
2 83 
! 2 83 

2 83 

2 83 

' 9.90,50a5 


9.860473 

4 40 

4 40 

4 10 

4 40 

4 40 
4.10 
4.40 
i 4 10 

1 4 40 

1 438 

10.1:30527 

29 

82 

.774729 

.9ai992 

! .8697':37 

.130263 

28 

83 

.774899 

, .901898 

1 57 I 

! .87'0001 

.129999 

27 

34 

.775070 

, .904804 ’ 

' .870205 

.129735 

26 

85 

.775240 

i .904711 1 

l‘57 j 
1 

i .870529 

.129471 

25 

86 

.775410 

.904617 

.870793 

.129207 

24 

37 

.775580 

,90152:3 

1 

1 57 

.871057 

.128943 

23 

88 

.775750 

.904429 

.871821 

.128679 

22 

89 

.775920 

2 88 
2.83 
2.82 

.9043.35 

157 

1.57 

.871585 

.128415 

21 

40 

.776090 

1 .904241 ' 

.871849 

.128151 

20 

41 

9.770259 

283 
' 2 82 

2 83 
2.62 

2 62 

1 9.904147 ' 

1.57 

1.57 

1 58 

1.57 
1.67 

1.58 

1.57 

1.58 

1.57 

1.58 

9.872112 

4 40 

4 40 
4.38 

4 40 

4 ‘38 
4.40 
4.38 
4.:38 

4 40 
4.38 

10.127888 

19 

42 

43 

44 

.776429 
' .776598 
.776768 

i .904053 
t .903959 
: .903864 1 

.872:i7'6 

.872010 

.872903 

.127624 

.127360 

.127097 

18 

17 

16 

45 

.776937 

,903770 

.873167 

.126833 

15 

46 

.777106 

.903676 

.873430 

.126570 

14 

47 

.777275 

2.82 

2.82 

.903581 

.878094 

.126306 

13 

48 

.777444 

, .903487 1 

.873957 

.126043 

12 

49 

.777618 

2 82 

1 2.80 
2.82 

.903392 

.874220 

.125780 

11 

60 

.777781 

.9013298 

.874484 

.125516 

10 

61 

9.777950 

282 

280 

2.80 

A Qfi 

1 9.903203 

1.58 

1.67 
1.58 
1.58 

1.68 
1.68 
1.58 
1.58 
1.68 

1 9.874747 

4.88 

4 88 

4 40 
4.88 
4.38 
4.38 
4.38 
4.38 
4.37 

10.125253 

9 

52 

.778119 

.903108 

.875010 

.124990 

8 

63 

.778287 

.903014 

.876213 

.124727 

7 

54 

1 .778455 

.902919 

.875587 

.124468 

6 

65 

.778624 

! 

2 80 

.902824 , 

.875800 

.124200 

5 

66 

.778792 

.902729 1 

.876063 

.123987 

4 

67' 

.778960 

2.80 

2.80 

2.78 

2.80 

1 .902634 

.876326 

.123674 

3 

68 

.779128 

.902539 

1 .876589 

.123411 

2 

69 

.779295 

902444 

! .876852 

.123148 

1 

60 

9.779468 

1 9 902349 

; 9.877114 

10.122886 

0 


Cosine. 

1 1). 1*. 

!| Sine. 

D. 1*. 

1 Cotang. 1 I), r. 

1 Tang. 

t 


[144 w'] 


136 ‘ 


53 * 



37 ° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 142 ° 



Sine. 

D. r. 

Cosine. 

D. 1". I 

Tang. 

D. r. 

Cotang. 


0 

1 

9.779463 

.779631 

2.80 

9.902349 

.902253 

1.60 

1.58 

1.58 

1.60 

1.58 

1 60 
1.58 
1.00 
1.58 

1 60 
1.60 

9.877114 

.877377 

4 38 

10.122886 

.122623 

60 

59 

o 

.779798 

2!to 

.902158 

.877640 

4 38 

4 

.122360 

58 

3 

.779966 

.902063 

.877!)03 

.122097 

57 

4 

.780183 

<0 

2 78 

2 78 

.901967 

.878165 

4 37 

.121835 

56 

5 

.780300 

.901872 

.878428 

4 38 

4 38 

4 37 

.124572 

55 

6 

.780467 

2 78 

.901776 

.878691 

.121309 

54 


.780684 

2^78 

2.78 

2.77 

2.78 

.901681 

.878953 

.121047 

53 

8 

.780801 

.901585 

.879216 

4 38 

4 37 

4 38 

4 37 

.120784 

52 

9 

.7801)68 

.901490 

.879478 

.120522 

51 

10 

.781134 

.901394 

.879741 

.120259 

50 

It 

12 

9.781301 

.781468 

2 78 

2 77 

9.901298 

.901202 

1 60 

1 60 

1 60 

1 60 

1 GO 

1 60 

1 60 

1 62 

1 60 

1 60 

9.880003 

.880265 

4 37 

4 38 

4 37 
4.37 

4 37 

4 38 

4 37 

4 37 

4 37 
4.37 

10.119997 

.119735 

49 

48 

13 

.781634 

.901106 

.880528 

.119472 

47 

14 

.781800 

2 77 

2 77 

2 77 

2.77 

2 77 
2.75 

.901010 

.880790 

.119210 

46 

15 

.781966 

.900914 

.881052 

.118948 

45 

16 

.782132 

.900818 

1 .881814 

.118686 

44 

17 

.782298 

.900722 

1 .881577 

.118423 

43 

18 

.782464 

.900026 

1 .881839 

.118161 

42 

19 

.7826'10 

.90a529 

1 .882101 

.117899 

41 

20 

.782796 

.9004:33 

.882303 

.117637 

40 

21 

22 

9.782961 

.783127 

2 77 
8.75 
2.77 

9.900337 

.900240 

1 62 

1 60 

1 4t4> 

9 882625 
.882887 

4 37 

4 :i5 
4.37 
4.37 

4 37 

4 37 

4 35 
4.37 
4.35 
4.37 

10.117376 

.117113 

89 

88 

23 

.7832{)2 

.900144 

.883148 

.116852 

37 

24 

.783458 

.900047 

1 04 

1 60 

1 62 

1 62 

1 62 

1 60 

1 62 
1.62 

.883110 

.116590 

86 

25 

.7a3C23 

2!75 

.899951 

.883672 

.116328 

35 

26 

.783788 

.899854 

.883934 

.116066 

84 

27 

.78395;i 

tC, 40 

2 75 
2.73 
2.75 
2.75 

.899757 

.884196 

.115804 

33 

28 

.784118 

.899660 

.884457 

.115543 

32 

29 

.rei282 

.8995^4 

.884719 

.115281 

81 

30 

.784447 

.899467 

.884980 

.115020 

80 

31 

32 

1 9.784612 
784776 

2.73 

9.899870 

.899273 

1 62 

1 62 

1 63 

9.885242 

.885504 

4 37 

4 35 
4.;i5 

4 37 

4 35 

4 37 

4 35 

4 35 

4 35 
4.35 

10.114758 

.114496 

29 

28 

33 

.784941 

2 73 
2.73 
2.T3 

2 73 

2 73 1 
2 p 

.899176 

.885765 

.114235 

27 

34 

.785105 

.899078 

.880026 

.118974 

26 

35 

.785269 

.898981 

162 

.886288 

.113712 

25 

36 

.785483 

.898884 

.886549 

.113451 

24 

37 

i .785597 

.898787 

1.62 

1 i|3 

886811 

.113189 

23 

38 

.785761 

.898689 

.887072 

.112928 

22 

39 

.785925 

.898592 

1 03 
1.62 

.887383 

.112667 

21 

40 

.786089 

2.?2 

.898494 

.887594 

.11M)6 

20 

41 

42 

9.786252 

.786416 

2.p 

9.898897 

.898299 

1.63 

1 62 

1 63 

1 63 

1 63 

1 63 

1 6;i 
! 1.63 

1 63 

1 63 

9.887855 

.888116 

4 35 ' 
4.37 

4 35 

4 35 

4 35 

4 33 

4 35 
4.35 

4 85 
4.35 

10.112145 

.111884 

19 

18 

43 

.786579 

O 70 

.898202 

.888378 

.111622 

17 

44 

.786742 

A, 4A 

.898104 

.888639 

.111361 

16 

45 

.786906 

2 73 
2.72 

2 72 
2.72 
2.70 

2 72 
2.72 

.898006 

.888900 

.111100 

15 

46 

.787069 

.897908 

.889161 

.110639 

14 

47 

.787232 

.897810 , 

889421 

.110579 

13 

48 

.787395 

.897712 1 

.869682 

.110318 

12 

49 

.787557 

.897614 i 

.889943 

.110067 

11 

50 

.787720 

.897516 1 

.890204 

.109796 

10 

51 

52 

9.787883 

.788015 

2.70 

2.72 

2.70 

2.70 

9.897418 

.897820 

1 63 

1 63 

1 

1.03 

1 65 

1 63 

1 1.65 

1 63 

I 1.65 

9.890465 

.890725 

4 33 
4.35 

4 35 

4.a8 

4.35 i 

4.33 1 

4.35 

4.33 

4.35 

10.109635 

.109276 

9 

8 

63 

.788208 

.897222 

.890986 

.109014 

7 

54 

55 

788370 

.788532 

.897123 I 
.897025 

.891247 
.891507 1 

.108763 

.106493 

6 

5 

.56 

.788694 


.896926 1 

.891768 

.106282 1 

4 

57 

.788856 

4. 4U 

2.70 

2.70 

2.70 

.896828 I 

.892028 1 

.107972 

3 

58 

.789018 

.89672!) 

.892289 

.107711 

2 

59 

.789180 

.896631 

.892549 

.107451 

1 

60 

9.789342 

9.896532 

9.892810 

-10.107190 

i 0 

' 

Cosine. 

D 1*. 

Sine. 

i J). r. 

1 Cotang. 

D. 1’. 

Tang. 

1 ^ 

127 ° 




1 

[ 141 *] 

1 




LOGARITHMIC SINES, CJOSINKS, TANS AND COTANS. 141 ® 


t 

Sine. 

D. r. ] 

Cosine. 

D. V. 

Tang. 

D. 1*. 

Cotang. 

/ 

0 

9.789342 

2 TO 

2 08 
2.70 
2.08 

2 68 
2.68 
2.68 

2 68 

2 08 

2 68 
2.68 

9.89&532 

1 55 

1 51 

1 6.5 

1 65 

1 65 

1 65 

9.892810 


10.107190 

60 

1 

.7895(M 

.890433 

.893070 

4 ^ 

4 3:1 

4 3:1 

4 33 
4.35 
4.33 
4.83 
4.31 
4.31 
4.:i3 

.1069.30 

59 

s 

.789605 

.8963:15 

.8933:11 ' 

.106669 

58 

3 

.789827 

.896236 

,893591 

.106409 

,57 

i 

.789988 

,896137 

.803851 

.100149 

58 

6 

.790149 

.896038 

.894111 

.105889 

.55 

6 

.79a3l0 

.895939 

.894372 

.105628 

54 

7 

.790471 

.89.5840 

1.65 1 
1.67 

1 65 
1.65 

.894632 

.105368 

54 

8 

.7906.32 

.89.5741 

.894892 

.10.5108 

52 

9 

.790793 

.89.5041 

.895152 

.104848 

51 

10 

.790951 

.895512 

.895412 

.104588 

50 

11 

9,791115 

2 67 
2.68 

2 67 

2 08 

2 67 i 
2.67 

2 67 i 
2 07 ' 
2.67 
2.65 1 

9.89.5418 

1.67 

1 65 1 
1 65 

1 67 I 
1 67 ' 
1.65 

1 67 

1 67 

1 67 
1.67 

9.895672 

4.33 

4 33 
4.:i3 

4 31 

4 :i2 

4 33 
4.31 

4 m 

4 :12 

4 :i3 

10.104328 

49 

12 

.791275 

.895313 

,8959;i2 

.104068 

48 

13 

.791430 

.8a5214 

.896192 

.103808 

47 

14 

.791590 

.895145 

.896452 

.103548 

46 

15 

.791757 

.895045 

.890712 

.103288 

45 

16 

.791917 

.891945 

.896971 

.103029 

44 

17 

.792077 

.894846 

.897231 

.102769 

43 

18 

.792237 

.891746 

897491 

.102509 

42 

19 

.792397 

.894646 

.897751 

.102219 

41 

20 

.792557 

.894546 

.898010 

.101990 

40 

21 

9 792716 

2 07 

2 05 ‘ 
2 67 i 
2 0.5 1 
2 07 i 
2 05 

2 65 

2 05 

2 (>5 : 
2.03 1 

9.891446 

1 67 

1 or 

1 67 
1.67 

1 67 

1 67 

1 68 

1 67 

1 68 
1.67 

9.898270 

4.33 

4.:i2 

4 :i:i 

4 :i2 

4 :i:j 
4.82 

10.101730 

39 

22 

.792870 

.894,^6 

.898530 

.101470 

38 

23 

.79303.5 

.891246 

.898789 

.101211 

87 

21 

.793195 

.894146 

.899049 

.1009.51 

36 

25 

.793354 

.894016 

.899308 

.100692 

.35 

26 

.793514 

.893946 

.899568 

.100432 

34 

27 

.793673 

.89:1846 

.899827 

.100173 

:43 

28 

.7938;32 

.893745 

.900087 

4.:i2 

4 32 
4.32 

.099913 

.32 

29 

.793991 

.89.3645 

.900316 

.099654 

81 

30 

.794150 

1 .893344 

.9(X)605 

.099395 

30 

81 

9 794308 

2 65 i 
2.05 ! 
2 63 1 
2 63 ! 
2 65 i 
2.63 1 
2. ft! , 
2.63 

2 63 
2.63 

; 9.893414 

1 68 

1 67 ' 
1 08 ■ 
1 68 
1.68 

1 68 1 
167 ; 
1.68 1 
1.70 . 
1.68 ! 

9.900864 

4.33 

4.32 

4 32 

4 :12 
4.32 

4 33 

4 32 
4.32 

4 32 
4.32 

10.099136 

29 

I 

.79y07 

1 .893313 

.JK)1121 

.098876 

28 

.794626 

.893243 

.901:183 

.098617 

27 

31 

.794781 

.893142 

.901642 

.093358 

26 

35 

.794942 

! .893041 

.901901 

.098099 

25 

36 

.795101 

1 .892940 

.9021(K) 

.097840 

24 

37 

.795259 

.8928:19 

.902420 

.097580 

24 

38 

.795417 

.892739 

.902679 

.097321 

22 

39 

.795575 

.892038 

.9029:18 

.097062 

21 

40 

.795733 

.892536 

.903197 

.096803 

20 

41 

9.79.5891 

2 63 
2.62 

2 63 

2 62 

2 63 

2 62 

2 62 

2 62 

2 62 
2.63 1 

9 892435 

1 68 i 
1 68 1 
1.68 1 
1.70 1 
1 68 ; 
1 70 ' 
1.68 

9.903456 

4 30 
4.32 

4 32 

4 32 

4 32 

4 ,30 
4.32 

4 32 

4 ,32 
4.30 

10.096544 

19 

42 

.796019 

.8923.31 

.90:i714 

.0%286 

18 

43 

.796206 

.89223:1 

.903973 

.omm 

17 

44 

.796364 

.892132 

.904232 

.095788 

16 

45 

.796.521 

.892030 

.904491 

.09.5''-09 

15 

40 

.796679 j 

.891929 

.904750 

.095250 

14 

47 1 

.7<»6836 

.891827 

.905008 

.094992 

13 

48 

.796993 

.891726 

.905267 

.094733 

12 

49 1 

.797160 

i .891624 

J 1 

1.70 

.905526 

.004474 

11 

50 ' 

.797307 

.891523 

.905785 

.094216 

10 

51 

9.797484 

2.62 

2.00 

2 62 

2 02 
2.00 
2.00 
2.62 
2.60 

9.891421 

1.70 I 

9.906043 

4.32 

4. . 30 

4. . 32 

4 80 

4 82 
4.80 
4.32 

4 ,30 

4.. 30 

10.093957 

9 

52 j 

.797821 

.891319 

.906302 

.09.3698 

8 

53 

.797777 

.891217 

1.70 ! 
1.70 i 
l.TO I 
1.70 ! 
1 70 i 
1.70 1 
1.70 . 

.906500 

.09,3440 

7 

64 

.797934 

.891115 

.906819 

.093181 

6 

65 

.798091 

.891013 

.907077 

.092923 

5 

66 

.798247 

.890911 

1 .907336 

.092664 

4 

57 

.798403 

.890809 

1 .907594 

.092406 

S 

58 

.798560 

.890707 

, .907853 

.092147 

2 

59 

.798716 

.890605 

.908111 

.091889 

1 

60 1 

1 9.798872 

2.60 

9.890503 

9.908369 

10 091681 

0 

/ 

1 CTosine. 

1 D. r. 

Sine. 1 

1 D. r. 

Cotang. 

D. 1'. 

Tang. 
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39 ° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 140 ° 


' 

Sine. 

D. r. 

Cosine. 

D.r. 

Tang. 

D. r. 

Cotang. 

t 

0 

9.798872 

2 60 

2 60 

2 .58 
2.60 

2 60 

2 .58 

2 60 

2 ,58 

2 .58 

2 .58 
2.58 

9.890503 

1.72 

1 70 

9.908369 

4.32 

4 30 
4.30 

4 30 

4 30 

4 :30 

4 32 

4 :«) 

4 :30 

4 130 

4 30 

10.091631 

60 

1 

.799028 

.890400 

.908628 

.0918?2 

69 

O 

.799184 

.890298 

.908886 

.091114 

58 

3 

.799.3:19 

.890195 

1.70 

.909144 

.090856 

57 

4 

.799495 

.89009:3 

.909402 

.093598 

56 

5 

.799651 

.889990 

1.70 

.909600 

.093340 

65 

G 

.799800 

.889888 

.909918 

.090082 

54 

7 

.799962 

.8897a5 


.910177 

.089823 

63 

8 

800117 

.889682 

1.72 

1.70 

1.72 

.9104:35 

.089565 

62 

9 

.800272 

.889579 

.91069:3 

.089307 

61 

10 

.800427 

.889177 

.910951 

.089349 

50 

11 

9.800582 

2.58 

2.58 

2 58 

2 57 

2 58 

2 58 

2 57 

2 57 

9.889374 

1 72 

1 ^2 

1 7:3 

1 72 

9.911209 

4.30 

4 30 

4 28 

4 :^o 

4 30 
4.30 

4 30 
4.28 

4 .30 
4.30 

10.088791 

49 

12 

.800737 

.889271 

.911467 

.088533 

48 

13 

.800892 

.889168 

.911725 

.088275 

47 

14 

.801047 

.8H9()(>1 

.911982 

.088018 

46 

15 

.801201 

.8885K)1 

.912240 

.087760 

45 

16 

.80135(5 

.888858 


.912498 

.087502 

44 

17 

.801511 

.8887.55 

1 73 

1 72 

.912756 

.087244 

43 

18 

.8016(55 

.888651 

.913014 

.086986 

42 

19 

.801819 

.883548 

.913271 

.086729 

41 

20 

.801973 

2 .58 

.888444 

l.’:2 

.913529 

.086471 

40 

21 

9.802128 


9.883311 

1 72 

9.913787 

4.28 

4 30 
4.30 

4 28 

4 30 
% 28 

4 3C 

4 28 

4 28 

4 30 

10.086213 

89 

22 

.802282 


.8882:37 

.914044 

.08.5956 

38 

23 

.802436 


.888134 

.914:302 

.085698 

37 

24 

.802589 


.888030 

1 73 
1.73 
1.73 
1.73 
1.73 
1.73 

1 73 

.914,560 

.085440 

.36 

25 

.802743 

2 57 

.887926 

.914817 

.035183 

35 

26 

.802897 

.887822 

.915075 

.084925 

84 

27 

.803050 

2 57 
2.55 
2.67 
2.55 

.887718 

.915332 

.084668 

33 

28 

.833214 

.887614 

.915590 

.084410 

32 

29 

.803357 

.887510 

.915347 

.08415:3 

31 

30 

.803511 

.887406 

.916104 

.083896 

30 

81 

1 9.8036(54 : 


9.887302 

1 73 

1 75 

9 910362 

4 28 

4 :» 
4.28 

4 28 

4 28 ! 

4.:30 

4.28 

4 28 

4 28 
4.28 

10. 083838 

29 

.‘W 

.803817 

« .K) 

.887198 

.916619 

.083381 

! 28 


.803970 

2 5o 

2 55 

.887093 

.916877 

.083123 

27 

34 

.804123 

,886989 

1 . <0 

1 73 

1 ^5 
1.73 

1 75 

.9171:34 

.082866 

af 

35 

.804276 

2 55 

2 5.5 

.886885 

.917391 

.082609 

25 

36 

.80i428 

.886780 

.917648 

.062352 

24 

37 

.8(44.581 

2 55 

o r.f; 

.88667'6 

.917900 

.082094 

23 ’ 

38 

.8047:54 

2 or) 

2 .5:3 

2 .55 

2 5:3 

.886571 

.918163 

.081887 

22 

39 

.80488(5 

.886466 

173 

1.76 

.913420 

.081580 

21 

40 

.80,5039 

886362 

.918677 

.081323 

20 

41 

9 80.5191 

2 53 

2 5.3 

2 53 

2 53 
2.53 

9.886257 

1.75 

9 918934 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 
4.28 

10.081066 

19 

42 

.8053-13 

.8861.52 

.919191 

.080809 

18 

43 

.805495 

.886047 

1.75 

919448 

.080552 

17 

44 

.805(547 

.835942 

.9J9705 

.080295 

16 

4.5 

.805799 

.835337 

1.75 

i »“’K 

.919962 

.080038 

15 

4G 

.805951 

.8357:32 

.920219 

.079781 

14 

47 

.806103 

2 53 

2 52 

2 53 

2 .52 
2.53 

.835627 

1 

.920476 

.079.524 

13 

48 

. 806254 

.835.522 

J 

1 ^7 

.920733 

.079267 

12 

49 

.806406 

.835416 

J 4 i 

1 1 

920990 

.079010 

11 

50 

.806557 

.885.311 

li” 

.921247 

4^27 

.078753 

10 

51 

9.806709 

2 52 

9 88520.5 

I 175 

9 921503 

4 28 

10.078497 

,9 


1 .8(X186() 

.885100 

.921760 

4 28 

4 28 

.078240 

8 

53 

.807011 

2.. 52 

.831994 

1 '“5 

.922017 

.077983 

7 

.54 

! .807163 

2 5:3 

.831889 

, 1 77 

1 1 77 

1 1 75 

; 1 77 

.922274 

4^27 

4.28 

.077726 

6 


1 .807314 

2 52 

.884733 

.922530 

.077470 

6 

5(i 

.807465 

2. .52 

884677 

.922^'87 

4.28 

.077213 

4 

57 

.807615 

2 50 

.884572 

.923044 

4 27 

.0769.56 

3 

58 

.8077(5(5 

2 .52 

.884466 

.923300 

4 28 

4 28 

.076700 

2 

59 

.807917 

2 52 

2 .50 

.884.3(.0 

i 1.77 

.9235,57 

.076443 

1 

(50 

9.808067 

9 884254 

9.923814 

10 076186 

0 


1 Cosine. 

1 D. r. 

1 Sme. 

1 D.r. 

1 Cotang. 

1 D, r. 

Tang. 




40 °^ LOGARITHMIC SINKS, COSINES, TANS AND COTANS. 139 ® 


/ 

Sine. 

D. r. 

Cosine. 

D. r. 

Tang. 

D. r. 

Cotang. 

' 

0 

9.808067 

2-2 

9.8842.54 

1.T7 

1 77 

9.923814 

4.27 

4.28 

4 27 

4 28 

4 27 

4 27 

4 28 

4 27 
‘4 28 

4 27 
4.27 

10.076186 

60 

1 

.808218 

2 50 1 
2 52 

2 50 : 
2 50 1 
2.50 

2 50 

2 50 

2 .50 

2 .50 

2 48 

.884148 

.924070 

.075930 

59 

2 

.808368 

.884042 

.924327 

.075673 

58 

8 

.808519 

.883936 

1 78 

.924583 

.075417 

57 

4 

.808669 

.883829 

.924840 

.075160 

56 

5 

.808819 

.883723 


.9250% 

.074904 

55 

6 

.808969 

.883617 

1 78 

.925352 

.074648 

54 

7 

.809119 

.883,510 

.925609 

.074391 

53 

8 

,809269 

.88.3404 

1 'll 

.925865 

.074135 

52 

9 

.809419 

.883297 

1 '~7 

.926122 

.073878 

61 

1C 

.809569 

.88319x 

1.78 

.926J478 

.073622 

50 

11 

9.809718 

2.50 

2 48 

2 50 

2 ^ 

9.883084 

1 “ft ' 

9.926634 

4 27 

4 28 

4 27 
4.27 
4.27 

4 27 

4 27 

4 28 

4 27 
4.27 

10.073866 

49 

12 

.809868 

.882977 


.926890 

.073110 

48 

13 

.810017 

.882871 

1 

1 78 

1 78 
1.78 

1 78 

1 78 
1.78 i 
1 80 
1.78 . 

.927147 

.072R53 

47 

14 

.810167 

.882764 

.927403 

.0?2597 

46 

15 

.810316 

.882657 

.927659 

.072341 

45 

16 

.610465 

2.48 

2.48 

2 48 
2.48 
2.48 

.8825.50 

.927915 

.072085 

44 

17 

.810614 

.882443 

.928171 

.071829 

43 

18 

.810763 

.882836 

.928427 

071573 

42 

19 

.810912 

.882229 

.928684 

.071316 

41 

20 

.811061 

.882121 

.928940 

.071060 

40 

21 

9.811210 

2 47 

2 48 
2.47 

2 48 

2 47 

2 47 

2 47 

2 47 

2 47 

2 47 

9.882014 

1.78 1 
1 80 

1 78 ' 
1 80 
1.78 , 
1.80 1 
1.80 
1.80 i 

1.78 ' 
1.80 1 

9.929196 

4 2" 

10 (^70804 

39 

22 

.8lia'j8 

.881907 

.9294.52 

4 27 

4 27 

4 27 
4.25 

4 27 

4 27 

4 27 

4 27 

4 27 

.070548 

38 

23 

.811507 

.881799 

.929708 

.070292 

37 

24 

.8116.55 

.881692 

.929964 

.070036 

36 

25 

.811804 

.881.584 

.930220 

.069780 

35 

26 

.811952 

.881477 

.9:30475 

.069525 

34 

27 

.812100 

.881369 

.930731 

.069269 

33 

28 

.812248 

.881261 

.980987 

.069013 

32 

29 

.812396 

.881153 

.931248 

.068757 

31 

80 

.812544 

.881046 

.931499 

.068501 

30 

SI 

9.812692 

2 47 

2 47 

2 45 

2 47 

2 45 

2 47 
2.45 
2.45 

2 45 
2.45 

9.880938 

1.80 i 
1.80 ! 
1.82 
1.80 i 
1.80 1 
1 80 : 
1.82 i 
1 80 

1 82 
1.80 

9.931755 

4.25 

4 27 

4 27 
4.27 

4 25 

4 27 

4 27 

4 25 

4 27 
4.25 

10.068245 

29 

32 , 

.812840 

.880830 

.932010 

.067990 

28 

83 

.812988 

.880722 

.932266 

.067734 

27 

34 

.818135 

.880613 

.932.522 

.067478 

26 

85 

.818283 

.880505 

.932778 

.067222 

25 

86 

.813430 

.880397 

.933088 

.066967 

24 

87 

.813678 

.880289 

.938289 

.066711 

23 

38 

.813725 

.880180 

.983545 

066455 

22 

39 

.813872 

.8800?2 

.9.33800 

.066200 

21 

40 

.814019 

.879963 

.934056 

065944 

20 

41 

9.814166 

2 45 

2 45 . 
2 45 ! 
2.43 1 
2.45 

2 48 
2.45 

i 9.879855 

1.82 

1 82 

1.80 
1.82 
1.82 

1 82 1 

1 82 

1.82 

1 82 

1.82 

9.934311 

4 27 

! 10.065689 

19 

42 

.814.313 

.879746 

.934567 

1 .065433 

18 

43 

.814460 

.879637 

.934822 

> 4*27 

1 4 25 

1 4.27 
i 4 25 

4 27 
4.25 

4 27 

4 25 

1 .065178 

17 

44 

.814607 

.879529 

.936078 

1 .064922 

16 

45 

.814753 

.879420 

.935338 

.064667 

15 

46 

.814900 

.879311 

.93.5589 

064411 

14 

47 1 

.815046 

.879202 

.935844 

064156 

13 

48 

.815198 

.879093 

.936100 

.068900 

12 

49 

.816839 

2 43 
2.43 
2.45 

.878984 

.936355 

.063646 

11 

50 i 

.816485 

.878875 

.936611 

.063389 

10 

51 1 

9.815632 

0 A9 

9.878766 

1.83 

1.82 

1.82 

1.83 

1.82 

1 fi5l 

9.9,36866 

4 25 

4 27 
4.25 

10 063134 

1 9 

62 

.815778 

2.43 

2 48 
2.42 

2 43 

2 43 

2 48 

2 42 

2 43 1 
2.42 

.8786,56 

.9.37121 

.062879 

. 8 

58 

.815924 

.878547 

.937377 

.062623 

1 7 

54 

.816069 

.878438 

.9376.32 

.062368 

1 « 

65 

. .816215 

.878328 

.937887 

4.25 

4 27 

.062113 

5 

66 

.816361 

.878219 

.938142 

.061858 

4 

67 

.816507 1 

.878109 

I .OO 

1.83 
1.82 1 
1.83 ; 

.988398 

.061602 

3 

58 

.816652 

.877999 

,9380.53 

A 

.061347 

2 

59 

.816798 

.877890 

.938908 

4 ^ 

.061092 

1 

60 

9.816943 

9.877780 

9.939163 


10.0(m37 

0 


1 Cosine. 

D. r. 1 

! Sine. 

D. 1*. ' 

1 Cotang. 

1). 1* 

. Tang. 
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. 

Sine. 

D, r. 

Cosine. 

D. r. 

Tang. 

D. r. 

Cotang. 

/ 

0 

9.816943 

2.42 

2 42 

2 43 

2 42 

2 40 
2.42 

2 42 

2 42 
2.40 

2 42 

9.877780 

1.83 

1 83 
1.83 
1.83 

1 m 

1 83 

1 83 
1.85 

1 83 

1 85 
1.83 

9 939163 

4 25 
4.25 

4 25 

4 25 

4 27 
4.25 

10.060837 

60 

1 

.8170as 

.^577670 

.9:^9418 

.060582 

59 

2 

.817233 

.877560 

.939673 

.06032"/ 

58 

3 

817379 

.877450 

' .939928 

.060072 

57 

4 

.817524 

.877340 

.94018:1 

.059817 

56 

5 

.817668 

.877230 

.940439 

.059561 

55 

6 

.817813 

.877120 

.940694 

.059306 

54 

7 

.817{)r)8 

.877010 

.940949 

4.25 

4 25 

4 25 

4 28 

4 25 

.050051 

63 

8 

.818103 

.876899 

.941204 

.068796 

52 

9 

.818217 

.876789 

.941459 

.058541 

51 

10 

.818392 

2.40 

.876678 

.941713 

.058287 

50 

11 

9.8 ia 536 

2.42 

2 40 
2.40 
2.40 

2 40 

2 40 

2 40 

2 40 

2 m 

2.40 

9.876568 

1 85 
1.83 

1 85 

1 m 

1 86 

1 83 

1 85 

1 85 

1 85 

1 87 

9 941968 

4 25 

10.058032 

49 

12 

.818681 

.876457 

.942223 

.057777 

48 

13 

818825 

.87^317 

.942478 

4 25 

.057522 

47 

14 

.818069 

.8762; i 6 

.942733 

4.25 

4.25 

4.25 

4.25 

4 23 

4 25 
4.25 

4 25 

.057267 

46 

15 

.819113 

876125 

.942988 

.057012 

46 

16 

.819257 

.876014 

.!)43243 

.056757 

44 

17 

.819401 

.875904 

.943498 

.066502 

43 

18 

.819515 

.875793 

I .943752 

.056248 

42 

19 

.819689 

.875682 

1 .944007 

.055993 

41 

20 

.819832 

.875571 

.944262 

.055738 

40 

21 

9.819976 

2 40 

2 38 

2 38 

2 40 

2 38 

2 38 

2 38 

2 38 

2 38 
2.37 

9.8754.59 

1 85 

1 85 

1 S5 

1 87 

1 85 

1 87 

1 «> 

1 87 

1 87 
1.87 

9.944517 

4 28 

4 25 

4 25 
4.23 

4 25 

4 25 
4.23 
4.25 

4 23 
4.25 

10.056483 

39 

22 

.820120 

.875348 

1 .944771 

.055229 

88 

23 

.82026:4 

.8752:17 

: .945026 

.054974 

37 

24 

.820406 

.875126 

.945281 

.054719 

86 

25 

.820550 

.875014 

' .945535 

.054465 

as 

26 

.820693 

.874903 

: .945790 

.054210 

84 

27 

.820a36 

.874791 

1 .946045 

.053955 

83 

28 

.820979 

.874680 

1 .946290 

.053701 

82 

29 

.821122 

.874568 

1 .946554 

.058446 

31 

30 

.821265 

.874456 

: .946808 

.053192 

1 30 

31 

9.821407 

2 38 
2.38 

2 37 
2.37 

2 38 

2 37 

2 37 

2 37 

2 37 

2 37 

9.874344 

1 87 

1 85 
1.87 
; 1 88 

1 1 87 

1 1 87 

1 1.87 

1 87 

1 88 
1.87 

' 9.947063 

4 25 

4 23 

4 25 

4 23 
4.23 
4.25 

4 23 

4 25 

4 23 

4 25 

10.052987 

29 

32 

.821550 

.874232 

i .94r3l8 

062682 

1 28 

33 

.821693 

.874121 

1 .947572 

.062428 

1 27 

34 

.82ia35 

.874009 

i .947827 

.052178 

26 

35 

.821977 

.873896 

{ .948081 

.061919 

25 

36 

.822120 

.873784 

.948335 

.051665 

24 

87 

.822262 

.873672 

i .948590 

.051410 

28 

38 

.822404 

.873560 

1 .948844 

.051156 

22 

39 

.822.516 

,873448 

.949090 

.050901 

21 

40 

.822688 

.873ai5 

.949353 

.050647 

20 

41 

9.822830 

2 37 
2.37 
2.35 
2.37 

2 37 

2 35 

2 35 

2 37 

2 35 

2 36 

9.873223 

1 88 

1 87 
1. H 8 

1 1 88 

1 88 

1.87 

1 88 

1 88 

1 88 

1.88 

9 940608 

4 23 

4 23 

4 25 

4 23 

4 23 
4.23 

4 25 
4.28 

4 28 
4.23 

10.050392 

19 

42 

.822972 

.873110 

.949862 

.050138 

18 

43 

.823114 

.872998 

.950116 

.010684 

17 

44 

.8232.55 

.8728a5 

i .950371 

.040629 

16 

45 

.823397 

1 .872772 

.950625 

.049876 

15 

46 

.823539 

.872659 

.950879 

.049121 

14 

47 

.823680 

.872547 

951133 

.048867 

13 

48 

.823821 

.8?2434 

.951388 

.048612 

12 

49 

.8239(a 

.872321 

.951642 

.ai8a58 

11 

50 

.824104 

.8 <*2208 

.951896 

.048104 

10 

51 

9.824215 

2.85 

2 a 5 

2 35 

! 9.872095 

1.90 

1.88 

1 88 

1 90 
1.88 

1 90 

1 88 
1-90 

1 90 

i 

9.952150 

4.25 

4.23 

4.28 

4.23 

4.23 

4 23 
4.23 
4.23 
4.23 

10.047850 

9 

52 

.824386 

I .871981 

.952405 

.047595 

8 

63 

.824527 

i .871808 

.952659 

.047341 

7 

54 

824668 

1 .871755 

.952913 

.047087 

6 

55 

.824808 

si UO 

2 35 

! .871641 

.953167 

.046833 

5 

56 

.824940 

, .871528 

.953421 

.046579 

4 

67 

.825090 

2. as 

2 a 5 

1 .871414 

.953675 

.046325 

3 

58 

.825230 

.871801 

.958029 

.046071 

2 

59 

.825371 

1 .871187 

.a54183 

.046817 

1 

60 

9.825511 

i OO 

i 9 871073 

9 954437 

10.045668 

0 

' i CoBiue. 

D. r. 

1 Sine. 

1 D. r. 1 

Cotang. 

D.r. 

Tang. 

T" 


ISl* 
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t/«ABTTOM 1C SIMM, COBINBS. T AN^ND_^TAS8^J^ 
TT^Td. 1-. i cosine. ».l-. j Tang. | I>. r. j Cotang, 


0 9.826511 2 

1 .825051 2 

2 .825791 2 

3 .825931 2 

4 .82(3071 

5 .826211 

6 .826351 

7 .826491 

8 . 8266:11 

9 .826770 

10 .826910 

11 9.827049 

12 .827189 

13 .827328 

14 .827467 , 

15 .827606 

16 .827745 

17 .827884 

18 .828023 

19 .828162 

20 .828301 

21 9.828489 

22 .828578 

23 .828716 

24 .828855 

25 .828993 

26 .829181 
fn .829269 


31 9.829821 

32 .829959 

33 .830097 

34 .830234 

85 .880372 

36 .830509 

37 .830646 

38 .830784 

39 .880921 

40 .881058 

41 9.831195 

42 .831332 

43 .831469 

44 .881606 

45 .881742 

46 .881879 

47 .882015 

48 .882152 

49 .832288 

60 .882425 

51 9-882561 

52 .832697 

53 .83283:3 

54 .832969 

65 .833105 

56 .833241 

67 .883377 

58 .838512 

59 .833648 

60 9.833783 


9.962306 
.962560 
, .962813 

.963067 
1 .963820 

, .9()3574 

1 .9(53828 

i .964081 
.96-1335 
.9(>4588 
9.964842 
.965095 
.965849 
.96.5602 
1 .965855 

i .966109 
n .966362 


10.045563 60 

.045309 59 

.045054 58 

.044800 57 

.04454(5 56 

.044292 55 

.044039 54 

.043785 53 

.043531 52 

.043277 51 

j .04:1023 50 

10.042769 49 
.042515 48 

.04-22(51 47 

.042007 46 

.04175:1 45 
.041500 44 

.041246 43 

.040992 42 
.040738 41 
.040484 40 

10.040231 89 

.039977 38 

I .039723 37 

1 .039470 86 

.039216 36 

.038962 34 
‘ .038708 33 

\ .038455 32 

\ .088201 81 

2 .0371W8 30 

„ 10.0376M 29 

1 .037440 28 

2 .037187 27 

3 .036933 26 

2 .036680 26 

3 .036426 24 

® .036172 23 

® .035919 22 

® .0356(55 21 

I .035412 20 

10.aS5158 19 

^ .034905 18 


Cosine. 1 1>. !'• 


4 22 

.O:i4(301 

.034398 

16 

4 22 

.(M145 

15 

4 23 

.a33891 

14 

4 22 

.033638 

13 

4.23 

.033384 

12 

4 22 

.038131 

11 

4.23 

.082877 

10 

4.22 

10.032624 

9 

4 22 

,082371 

8 

4 23 

.082117 ' 

7 

4.22 

.081864 

& 

4.22 

.031611 

6 

4 23 

.081357 

4 

4 22 

.031104 

3 

4.22 1 

.()30a5l 

2 

4 28 1 

1 .030597 

1 

4 22 

1 10.030844 

0 

ITlT 

\ Tang. 

/ 


[ 146 ] 
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43 ° LOGARITHMIC SINES, COSINES, llANS AND COTANS. 136 ° 
• I Sine. 1 D. 1". 1; Cosine. I D. r. \\ Tang. I D. 1'. I Cotang, i ' 


9.839a?2 

k;I9404 

.839536 

.839668 

839800 

.839932 

.840064 

840196 

.840328 

.840459 

9.840591 

840722 

.840854 

.840985 

.841116 

.841217 

.841878 

.841509 

.841640 

9.841771 


9 862827 J 
I .802709 1 
,862590 I 
.862471 ' 
1 .862353 I 
I .862234 I 
.862115 ' 
.861996 I 
I .861877 ! 
.861758 


9.858029 
.857908 
.857786 
.867665 
.857543 
.857422 I 
.857300 t 
.857178 1 
.867056 I 
9.856984 > 


10.030844 ’ 60 
.(KlOOOl 1 69 
.029838 58 

.029584 i 57 
.029331 : 66 
.029078 55 

.028825 64 
.028571 58 

.028318 52 

.028066 i 61 

.027812 j 60 

10 027.5.59 i 49 
027885 48 
.027052 I 47 
.026799 46 

.026646 46 

.026293 44 
.026040 43 
.025787 42 
.025534 41 
.025280 40 

10.025027 39 
.024774 I 88 
.024521 87 

.024268 86 
.024015 85 
023762 84 
.023509 33 
.023256 82 
.023003 81 

.022750 j 80 

10 022497 29 
.022244 28 

.021991 27 

.021738 I 26 
.021485 1 26 
.021232 I 24 
.020979 28 
.020726 22 
.020473 21 
.020220 20 

10.019967 19 
.019714 18 

.019462 17 
.019209 16 
.018956 15 
.016708 14 
.018450 18 
.018197 12 

.017944 11 

017691 10 

10.017488 9 

.017186 8 

.016983 7 


I Cotang. I D. 1'. 


133 * 


7 



44° LOGARITHMIC s^^m^^ANS^^OTANa.JI^ 

/ 1 Sine. I D. r. || Conina 1 »• I'- ]j 


9 841771 
.841902 
.842033 
.812103 
.842294 
84245M 
.842555 
.842685 
.842815 
84294G 
.843076 

9 843206 
.843a36 
.843466 
.843595 
.843725 
.843855 
.843984 
.844114 
.844243 
.844372 
9 844502 
.844631 
.844760 
.844889 
.843018 
.845147 
.845276 
.8454a5 
.8455:13 
.845662 

1 9 845790 
.845919 
.846047 
.846175 
.846304 


9.847071 
.847199 
.847327 
.847454 
.847582 
.847709 
.847836 
.847964 , 
.848091 1 
.848218 i 
1 9.848345 ' 
.848472 
.848599 
.848726 
.848852 
.848979 
.849106 
.849232 
, .849359 
9.849485 





Cosine. 1 D. 1*. 
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POLYGONS. 


POLYGONS. 



Pentagon. Hezngon. Heptagon. Octagon. 

6 6 ixoM. : -.(lie. (S Mates. 


Anj itnUght-aided flg la aa11«>d a polygon. If all tne aldea and angtes are equal, it la a rognlni 
^IjrgOD ; If not, It ifi Irregnlar. Of courie the number of polygons is influlte. 


Table of RoKiilar PolyieronN, 


Number 

of 

Sides. 

Name 

of 

Polygon. 

Are»~ 

(square of one 
side) mult by 

Kadiua of ctr- 
ciiniscribing 
circle ~ aide 
mult by 

Interior angle 

a h c eon lamed 
between two 
sides. 

Angle at cen, 

subtended 
by a side. 

M 

Equilateral 

triangle. 

j .43.3013 

..577350 

60° 

1200 

^ 4 

Square. 

1.000000 

.707107 

90® 

900 

5 

Pentagon. 

1.720477 

.8.506,51 

108° 

720 

a 

Hexagon. 

2.598076 

1.000000 

12fP 

GOO 

7 

Heptagon, 

.3.6.33912 

1.1.52.382 

1 128° 34 2857' 

! 510 25.7143 

8 

Octagon. 

4 828427 

1.306.563 

1.350 

450 

9 

Nonagon. 

6 181824 

1 461902 

1400 

400 

lu 

Decagon. 

7.694209 

1.618034 

1440 

36° 

11 

Undecagon. 

9 36.5640 

1.774733 

1470 16.3636' 

32® 43.6364' 

12 

Dodecagon 

11.1961, 52 

1.931854 

150° 

300 


Aren of any regular polygon = length of one side, ah x perp p drawn from cen of fig U 
ecu of side X halt the number of sides. 

Sum of Interior anglea, a b o, etc. of any polygon, regular or Irregular - 180° x 
(numliei of sides — 

Angle at cen anbtended by a aide. In any regular polygon - 360 ^ 4- number of aide* 


TRIANGLES. 



Wo apeak here of plane triangles odIt ; or those harlug atral^t aides. 

Atnnngle la equilateral when all lU aides are equal, as a . Uoaoelea when only two sides 
are equal, as B, acueue when all the sides are une<|ua1. as C. |) and K acnte'Bngled whea 
all Its angles aie ucuie. oi each less than IHF, as A. B, and C , rlgbt*angled when it contains a 
tight angle, as I) obtua«'ancled " hen it conialns an obtuse angle. <ii imk gi eater than 90°. ns K 
AH Ae three anglea of any triangle are equal to two right 

anglea, or 180' , iliereloie, if «e tuow two oi them, «c can hnd ilie thtni by 

aubtraoiiDg their sum from 180°. All trlanglea wblcb bare equal boat 

and equal perp heights, have also equal areas, iliuh tne areas ot a «> c, o « U, .» 
o » «, are equal to each other. The area of any triangle is equal to half [ 
that of any parallelogram which has an equal base.aud aiictiual |A-rp height. The I 
arean of triangles whleh hare equal bases, but dlff perp heights, are to 
•ach other as, or in proiwriion to, iheir perp heights, thus the triangle a w n, i 
with a perp height s n, equal to but one-half that ys e) of the three other trlan * ... ^ 

gles, but with the same base a to, has also but half the area of either of those ^ 

°*Area of any triangle, l-’ig'' A, B, C. D. B, = half the base, S, X the height, or perp dlst p u 
the o[)positc angle Auv side may he taken as the base of a triangle ; but the perp height mult alwsM 
he measared fiom tlie'side so assumed; to do which, the side must sometimes be prolonged, ss io 
fig E, but the piolnngatioD Is not to be considered os a part of the baae 

Area of any equilateral triangle = -taaois x aqu"e of one side. 



To find area, havingr the three bides. 

Add them ogetber ; dlv the aura by 2 ; from tho inlf aum, subtract each side separately ; amlt tbi 
half aum and ths three rcmalndera continuously together; take the aq rt^of the prod. 

Bx.-The three •lde8=:20, 30, 40 K Here 20 + 30-1-40 =90; and y =*I5. And 46— 20=i25 
46— 80rsl5; and 45— 40=5. And 46 X 25 X 16 X 5 = 84375- and theeqrtof 84876 la 290.47 iq ft 
Sreareqd. 



TBIANGLES. 
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I'o find area^ haTinsr one side and the 9 angrlee at Its ends. 

Add the 2 angle! together; take the aoiD from 180° , the rem will be the angle opp the given side, 
Find the nat Riue of this angle ; also find the nat tinea of the other angles, and mult them together. 
Then at the nat tine of the tingle angle, it to the prod of the nat ainet of the other 2 angles, ao is the 
tquart of the given tide to double the reqd area. 

To find area, havinir two aides, and the Included ann^le* 

Mult together the two sides, and the nat tine of the included angle ; div by 2. 

Ex —Sides 650 ft and U80 ft , included angle 6^ 20'. By the table we find the nat sine AISMi 

,,erefore. 297988 6 square ft area. 

To find area, havinir the three anurles and tho 
perp helfpht., a b. 

Find the nat alnea of the three angles ; mult together the sines of the angle* 
d and o ; div the sine of the angle b by the prod ; mult the quot by the squars 
of the perp height a b ; div by 2. 

To find any side, as d o, having: the three 
angfles, d, 6 and o, and the area. 

(Sine J X ^iriP nf o) t sloe «if 5 1 1 twIce the area t BQnSre of d o. 

The perp height of an equilateral iriansle is equal to one side X .866025 Hence one ni 
Its allies iH equal to the perp height div hy .HfiOO'ii or to perp height X I 1547. Or, tO find a aldO 
mult the sq rt of its area l>y 1 51967. The side of an equilateral triangle, mult hv .65B0i}7 - side of* 
iquare of the same area ; or mult by .742517 it gives the diam of a oircle of the same area. 

The following apply to any plane triangle, whether oblique or right-angled: 

1. The three angles amount to 180^, or two right angles 

*. Any exterior angle, as A C w, is equal to the two interior and opposite 
ties, A and B. 

8 . The greater side is opposite the greater angle. 

4. The sides are as the sines of the .opposite angles. Thus, the side a is to 
he side b u« the sine of A is to the sine of K 

fi. If any angle as s be bisected by a line s o, the two parts mo, on of 
be opposite side m n will be to each other as the other two sides tm, an , ” 

r, m o : 0 11 : « m t n. 

^ 6. If Tines be drawn from each angle r s 4 to the 

center of the opposite side, they will cross each 
other at one point, a, and the short part of each 
of the lines will tie the third partof the whole line 
Also, a is the oqn of tcrov of the triangle. 

7. If lines be drawn bisecting the three angles, iliev will meet at a point 
perpend, cularlv equidistant from each side, and consequently the ocntev 

. j of the greateni circle that cun be drawn in the triangle 

8. ir a hue s n be drawn parallel to any side c a, 
he two triangles r s n, r r a, will be similar. 

9. To divide any triangle « c r into two equal parts bv a 
ny one of its sides c a. On either one of the other s'"* ’ 
iesoribe a semicircle aor; and find its middle o 

radius r o, describe the ai 

Q allel to CO. V, , 

yv 10. To find the greatest parallelogram that can be 

/ \ drawn in any given triangle o n 6 Bisect the three side* at a c e, and yoin 

a c, at, e c Then eitbei ache, u e r o, or a r e >i, each equal to half the 
y/A triangle, will be the reqd parallelogram. Any of these parallelogranis can 

✓ \/ \ plainly be converted into a rectangle of equal area, and the greatest that can be 

n e h drawn in the triangle. 

lOS. If a line a c bisects any two sides o 6, o n. of a triangle, it will be par 
allel to the third side n b, and half as long as it. 




parts bv a line a n parallel to 

ther sides, as « r, as a dlam, \ 'N. 

From r (opposite c a), with \ /\ \ 

o n. From n draw n s. par- y y 


n angle as a draw a perp a n 


the opposite side xr, and Hod its length. Then 

V n, or a side o t of the square ~ - ° ” 

xr -f- a n 

Bem.— If the triangle is sueb that two or three snob perp* can be dwro. tkM 
two or three euual squares may be found. 
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PROBLEMS IN SURVEYING. 



Hlsrhl-anfcled Triangles. 

All the foregeing apply also to right-angled triangles: but what follow apply to them only. 

Gall the right angle A, and the others B and C ; and oall the aides respeottveU 
opposite to them a, h, and e. Then la 

•= sTiVo =‘ X “=5=^ '‘X O'/KT* 

|=:aXfllneR = aXCosO=:eXCotO = eX Tang B. 

C = aX Sine G = aXOoaB-=bX Tang 0. 

t h e 

AlsoSineof C=t-; GosG^g; TangC = j. 

he h 

And Sine of B r: ^ ; Cos B ~ Tang B = 

And Sine of A or 90° = 1. Cos A = 0. Tang A = InOntty . See A = Infinity. 

%m If from the right angle o a tine o w be drawn perp to the hyfMthenuse or long side i g, then ths 
two small triangles oto h, o w g, and the large one ohg, will be similar. 
Or g to : to o ■ ; to o : w A; and 9 w X to A r: to oS. 

S, A line drawn from the right angle to the center of the long side wilt 
he half as long as 8a>d aide. 

3. If on the three sides o A, o p, g A we draw three squares t, u, «, or 
three circles, or triangles, or any other three tigs that are similar, then the 
area of the largest one is equal to the sum of the areas of the two others. 

4. In a triangle whose sides are as 4, and 5 Cat are those of thetrl 
angle A B C), thn angles are Tory approxlmatcty 90°; 53° T 48.38" : and 
36° 52' 11.62". Their Sines, 1. ; 8; and .6. Their Tangs, infinity ; 1.3.333; 
and .15. 

ft. One whose sides are as 7, 7, and 9 9, has very approx one angle of 9IP 
and two of 45° each, near enough for all practieal purposes. 



PROBLEMS IN SURVEYmO. 



Pf.awn trigonometry teaches how to find certain nnkunw u parts of plane, or straight - sided trl- 
feaglep, by means of other parts which are known; and thus enables us to measure Inaccessible dls. 
tanoea, Ac. A triangle consists of six parts, namely, three sides, and three angles; and if we know 
any three of these, lexcept the three angles, and in the ambiguous case under " Case 2,") we can find 
the other three. The following four oases include the whole subject ; the student shooul commit them 
to memory. ^ 

Cme 1. Having any two angrlei*, and one side, ^ 
to find tne other sides and aniple. 

Add the two angles together ; and subu act their sura from 180°; then 
will be the third ang'e. And for the sides, as 

8l.*oftheangto . Sine of the angle given side ; reqd side, 
opp the given side • opp the reqd side • • ® ^ 

Cse the side thus found, as the given one; and In the same manner find 
the third Bide. 

Havinir two Bides,6a,ae, Flgr X, and theanKleafto, 
opposite to one of them, to find the other aide and angles. 

Side a 0 opp The other Sine of the Sine of angle ( d a or 

the given an* * given side ^ ; given angle * Ac aopposite the other 

gleaAe oa oAo given side A a. 

Having found the sine, take ont the oorrespondlng angle from the table ot 

Bat sines, but. in doing so, If the side a e opp the given angle U 

shorter than the other given side A a, bear In mind that an angle and Its sup* 
plement have the same sine. Thus, In Fig X, the sine, as found almve, is 
opp the angle A e a In (be table. But a c, if sAorter tAan A a, can evldeBtlj be 
laid off In the opp direetlon, a d, in which case A d a Is the supplement of A o «. 
tf a e is as long as, or longer than, A a, there can he no donbt ; for In that ease 
Uoannot be drawn toward A, but only toward «, and the angle Ae a will W 
fwBd at onoe in tha table, opp the sine as found ahovB. 





PROBLEMS IN SURVEYING. 
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When the two angle*, a b e, h e a, hare been fonod, find the remaining side br Caae 1. 

For the remaining angle, b a c, add together the angle a b e fir*t given, and the one, b e a. toon 
U above. Deduot their sum from 

€a«te 3. Having: two Nidea, and the ang-le included 
between them. 

‘Take the angle irom 18(P; the rem will be the sum of the two unknown angles. Dlv this sum hi 
2; and find the uat Ung of the quot. Then as 

The sum of the , ThMr.i.w • • Tang of half the sum of . Tang of half 
two given sides • * u n , . unknown angles • their did'. 

Take from the table of nat tang, the angle opposite this last tang. Add this angle to the half sum 
•f the two unknown iingtes, and it will give the angle opptbe longest given side; and subtract it 
from the same half sum, for the angle opp the shortest given side. Having thus found the angles, 
find the third side by Case 1. 

Asa praotical example of the nse of Case S, we can ascertain the dlst n m aornis a deep pond, by 
measuring two lines n o and m o; and the angle n o m. From these data we may calculate n m ; or 
by drawing the two sides, and the angle on paper, by a scale, we can afterward measure n m oo 
the drawing. 



Case 4. Havinis the three aides* 


to find the three angles ; npon one side a b as a base, draw (or suppose to be drawn) t perp e p fhm 
the opposite angle c. Find the diff between the other two sides, ac and c b : also their sum. Then, as 


The base 


Sum of the 
other two sides 


Ditr of other . DKT of the two 

two sides * paru ag and bg, of the base. 


Add half thla diff of the parts, to half the base a b; the sum will be the longest pari ag\ which 
taken from the wliole base, gives the shortest part g b. By this means we gel in each of %he small tii> 
angles a eg and cgh, two sides, (namely, a e and a p; and c h and p b ;) and an angie (namely, the 
right angle e u a, or e p b) opposite to one of the given sides. Tlierefore, use Case 2 for finding the 
tagles a and b. When that U done, take their sum from 18(P. for the angle a o b. 



FiR. 1. 


Or. M irtode t oail half the sum bf the three sides, and call the 
two sides which form either angle, m and n . Then the uat slue of 

|inlf that angle will be equal to - * - T T 

Ex. 1. To find the dint from a to an Inac* 
cessible object c. 

Measure a line a b ; and from its ends measure the angles cab and 
c b a Thus having found one side and two angles of the triangle a b e, 
oalonlate a c by means of Case 1. Or If extreme aocuraoy ia not reiid, 
draw the Hue a b on paper to any convenient scale ; then by means of a 
protractor lay off the angles e ab,eb a; and draw a c and c b ; then 
measure a c by the same scale. 



Fig. 2. 


Ex. 2. To find the height of aeertieol 
object, n a. 

Flaoe the instrument for measuring angles, at any eonv*. 
nient spot o ; also lueas the dist o a ; or if o a cannot be afitnally 
measd in consequence of some obstacle, calculate it by the 
same process as a c iu Fig 1. Then, first direoting the instru- 
ment borixoiitally,* as o s. measure the angle of depression, 
to a, say 12°; also the angle son, say SCP. These two angles 
added together, give the angle a o n, 42°, Now. In the small 
triangle o s a we have the angle o t a equal to 90°, because a » 
is vert, and o « hor ; and since the three angles of any triangle 
are equal to 180°, if we subtract the angles oaa (90°), and sea 
(12°) rrom 180°, the rem (78°) will be the angle o a • or o a «. 
Therefore, In the triangle on a, we have one side o a; and two 
angles non. and o a n, to oalonlate the side a n by Case L 


* Angles and dists on sloping ground must be measnred hor* 

Isoiitally. The graiiuated hoT 

eirole of the instrument evldenfly meas- 
ures the angle between two objeots horl 
sontally, no matter how much higher one 



of them may be than the other ; one per- 
haps requiring the teiesoope of the instru- 
ment to be directed upward toward iti 
and the other downward. If, therethre, 
the sides of triangles lying upon sloping 
pound, ars not also measd hor, there esa 

be no aooordanoe between Uwtww. Ttan 


14 
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^ neoesaary to ascertoln the vert height an from a jwint o, euUrelv 
abore h, then toth tlie angles measil at o. namely, « on, and s o a, will bo angles of depression m 
below the hor line o < assumed to measure them from. In this ease we have the side o a as before 


the angle «oo-«oa-son; and the angle o o n=: 180o - (o* a fSMPf. and i o a;) to oaloulal* 
Kn by Case 1, '' 



as in Fig 4, the observations are to be taken from a imlnt o, euiirelv below the object a tt, thea 
oota the angles » o a, son, will be angles of elevation, or a?ior« the assumed hor line os. Here w* 
have In the triangle on a, the given side o o as 
before ; the angle aontrson -soa: and the 


angleono-180''- (o«n(90‘>),and no*, ) to 
ealoulate an by Case 1 

If the object an, as In Fig 5, Instead of being 
*«vi, is tncltned , and instead of its vert height 
we wish U) llgd its length a n, we must hrst as 
certain its angle v 1 1 of incliuatioii to liie hon 
con , to which ancle each of the angles o*n will 
be etiual. To tind this angle yfi, suspend a |tlumb 
line t y. of any cimveuient known length, from the 
object on. and measure also v t horizontally 
Then say as 

V f : f g : : 1 : uat tang of angle yti. 

From the table of nat tangs take out the angle 
yti found opposite this nat tang , and use it for 
the angles o * n or o « o ; iusteail of the of Figs 
I and 4. Also when the object incliues, the aide 
a 0 ef the triangle must tie measd in Hue, or in 
range with the inclination. If the object, as the 
rock a n, Fig 6, Is curved or iriegular, a pole a s 
may be planted sloping in the dlreciiou a n ; and 



in the triangle ahe. npon sloping ground, the Insirumcnt at o measures the hor angle t o n and net 
the angle hac. Therefore, the side which corresponds with this hor anc 'inn. is the hor dist i n ' 
•ad not the sloping dist b c. In other words, when sides and angles are on sloping ground, we df 
not seek their artual measures ; but their Aor ones. This remai k applies to all surveying for farms 
railroads, triangulations of countries, &c, &o; and the want of a strict attention toll fs one cause 
Of the amall errors, i^ost UBareidabte, (and fortunately, of but trifling consequence In praoHoe), 
wbiob occur in all ordinary field operations. 

When a sextant Is used, angles between objects at diff altitiidp.s a.s n an^ 

g. may be measd hor, by first planting two vert rod* ' 

* and *. in range with the objects ; and then taking 
the hor angle one, subtended by the rods. 

Aiig-les may he measd without 
any Inst, thus; Measure lOO ft toward 
each object, tind drive stakes ; measure the dist across 
(him one stake to the other. Half this dist will be 
the sine of Aaf/the angle to n rad of tOD ' and it we nini e 
tbedeoimal pdint two places to the left, we get the nnt 
«ine of this one half of the angle to a rod of l.as In the 
whies. Thul, suppose the dist to bo H0.«4 feet . then 
40.32 is the sine of half the angle ; and .4032 will be 
the nat sine, opposite to which In the table of nat 
fines we find the angle fflo 47' . which mult by 2 gives 
lt° 84', the reqd angle. If obstacles prevent measuring tovari the objects, we may measure directly 
trim them ; hewause, when two lines Intersect, the opposite angles are equal. A rough measurement 
nav he made by sticking three pins vert, and a few ins apart, into a small piece of board, nailed bur 
to the top of a post. The pins would occupy the positions n 0 *, of the last figure. PenoiMines may 
then be drawn, connecting the pin-holes ; and the angle be measd with a protractor. By nailing a 
{dsot of heard vert to a tree, and then drawing upon it a short hor line, by means of a pocket oar- 
MBton* spirit-level, vert angles of elevation and depresaion may be taken roughly in the same way 
b tnii way the writer has at tlmea availed hlmarlf ef the outer door of a house, by opening it until it 
^Ated toward some moantein-peak, the dist of which be knew approximately ; but of the height of 
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Its angle yti ot inclination with the horizon found aa before r 
in wlituh cuBc the diet a n is calculated Or if the vfit height cn 
is sought, the point c may Urst be found b} sighting upward 
along a plumb-line held above the head. 

Ex. 3. To find tho approximate heig^bt, 
s X-, of a mountain. 

Of which, iierhaps, only the very summit, x. is visible above 
interposing forests, or other ohsisx-les, hat the (list, mi, of which 
is known. In thia case, tirist direct the lustrunieut hor, as m A; 

and tlien measure the angle t m z. 
" Then in the triangle i m z we have 

one side tni. the measd angle t mat, 
and the angle mix (90^-’), to find it 
by (/ase 1. Hut to this t x we must 
add i o, ei|ual to the height ym of the 
lustiumcut above the ground, and 
also o *. Kow, 0 s is apparently due 
eulirelj to the curvature of the earth, 
which is eijuiil to v ery uearlj h ins, or 
Mil ft ill one mile , and increases aa 
the squares of the dists , being 4 
times 8 ins in 2 miles , 9 times 9 ins 
in S miles, &0. But this is somewhat diminished by the refraction of the atmosphere ; which varlea 
with temperature, moisture, &c , but always tends to make the olyect z appear higher than It 

sotuiilly is. At au average, this deceptive elevation amounts to about y th part of the curvature of 
the earth ; and like tlie latter, it varies with the squares of the dists. Consequently If wo subtract y 

oart from « ms, or fi67 ft, we have at once the combined effect of curvature and refraction for one 
mile, c((ual to6h57 ins. or .')7U ft, and for other dists, aa shown in the following table, by the naa 
of which we avoid the necessity of making teparate allowances for curvature and refraction. 

Table of allowancen <o be added for curvature of the earth; 
and f *r refraction; combined. 




Flgr.T. 


Dist. 
in yards. 

Allow. 

feet 

' Dist. 
ill miles. 

Allow. 1 
feet : 

Dist. 

In miles. 

Allow. 

feel. 

Dist. 
in miles 

Allow. 

feet. 

100 

.002 

>4 

.a36 

6 

20.6 

20 

229 

160 

.004 


.143 

7 

28.0 

22 

277 

200 

.007 


.321 

8 

36.6 

26 

867 

300 

.017 

i 

.572 

9 

46.3 

30 

514 

400 

.aio 

IK 

.898 

10 

57.2 

35 

700 

500 

.046 


1.29 

11 

69.2 

40 

916 

two 

.066 ; 

1.75 

12 

82.3 

46 

1168 

700 

.090 j 

: 2 

2.29 

13 

966 

50 

1429 

800 

.118 1 


3.67 

14 

112 

55 

1729 

900 

.149 

3 

514 

15 

129 

60 

2058 

1000 

.185 ! 


7.00 

16 

146 

70 . 

2801 

1200 

.266 ! 

4 

9.16 

17 

165 

80 

3659 

1500 

.416 


11.6 

18 

185 

; 90 

1 4631 

2000 

.738 1 

5^ 

14.3 

19 

206 } 

1 100 

5717 


Hence, if a Jierson whose eye is 5 U ft, or 112 ft above the sea. sees an object just at the aea'a 
liorizon, that object will be about .I rolles, or 14 miles distant ti.-m him. 

A horixontal line la not a level one. Uir a straight line cannot be a 

level one. The curve of the earth, as exempllfled In an expanse of quiet water, is level. In Pig t, 
f we auppoie the curved line 4 p s to represent the surface of the sea, then the points tyt and g are 
in a level with each other. They need not be equidistant from the center of the earth, for the sea at 
he poles is about miles nearer it than at the equator; yet its surface is everywhere on a level, 
lip, and down, refer to sea level. Eevel means parallel to the curvature 
if the sea; and horizontal means tangential to a level. 


Ex. 4. If the Inaecezzible vert height e d, Wifg S, 

h so situated that we cannot reach it at all, then place the instrument for measuring angles, at any 
mnveuieiit spot n ; and In range between n and d, plant two stuifs, whose tops o and i shall range 
[ireolsely with n, though they need not he on the same level or hor line with It. Measure no: also 
Trom n measure the angles o n d and one. Then move the instrument tq the precise spot previously 


which he had no idea. For allowance for curvature and refraction see above Table. 

A trianirle whoHe zidez are as 3, 4, and 5, is right angled; and one 

whose sides are as 7. 7 ; and 9 9; contains 1 right angle; and 2 angles of 46°eaeh. As It is fre< 
4ueatly neoessary to lay down angles of 46” and 9U” on the ground, these proportions may be used for 
:he purpose, by shaping a porflou of a tape-line or chain into such a triangle, and driving a stake at 
rach angle. 
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Moapied by the top o of the iteff ; end from o meuure the eagles iod and doe. This being done, anh 
treat the eugle < o c from 
180^; the rem will be the 
eugle con Consequent* 
ly In the triangle noe, we 
have one side n o, and two 
angles, c n o and c o n, to 
find by Case 1 the side o c 
Again, take the angle tod 
from IW^; the remainder 
will be the angle n o d, no 
that in the triangle dno 
we have one side n o, and 
the tno angles dno and 
n o d, to tlnd h^ Case 1 
the side od. Finally, ht 
the triangle c o d, wc have 

„ two sides c 0 and o d, and _ ^ 

£ Ig'- 8. their included angle cod, w. 

to Hnd c d, the reqd vert 
height. 

Rcii. If e d were in a valley, or an a hill, and the observations reqd to be made from either higher 
•r lower ground, the operaUon would be precisely the same. 

£x. 5. See Ex 10. 

To And the dldt ao, Flj^ 9, between two entirely Inaccessiible 
objects, 

Measure a side n m ; at n measure the angles « n m and o n tn : also at m measure the angles o m n, and 
a m n. This being done, we have iu the triangle a n m, one side n m, Fig 9, ami tho angles a n m, and 
ntaa; hence, by Case 1, we can calculate the side on. 

Again, In the triangle o m w we have one side n m, and 
the two angles o mn, and mno ; hence, by Case 1, we can 
calculate the side n o. This being done, we have in the 
triangle ano, two sides on, and no; and their included 
angle ano; houoe, hr Caso 3, we can calculate the aide 
ao, which is the reqd olst. It is plain that In this manner 
we may obtain also the position or direction of the inacces- 
sible line a 0 ; for wc can calculate the angle n a o ; and can 
therefrom doduce that of oo ; and thus be enabled to run 
a line parallel to it, if require. Ry drawing n m on pa- 
per bv a scale, and laying down the four measd angles, 
the dial a o may be measd upon the drawing by the same scale. 

If tho position of the inaccessible dist c n, Fig 10, be such that 
we can place a sta^e p in line with it, we may proceed thus Place (US'S) 

the Instrument at anv suitable point s, and take the angles pto 
andean. Also And the angle ept, and measure the distps Then CL 
In the triangle p s c find s c by Case 1 ; again, the exterior angle 
n e s, being equal to the two interior and opposite angles e p s, 
and p s c. we have In the triangle can, one side and two angles 
to find e n by Case 1. 

Ex. 6. To find a dist ab, FIk H. of which 
the ends only are accessible. 

From a and b, measure any two lines a c, 6 c, meeting at e ; also 
measure the angle <» c b. Then <n the triangle o6 c we have two C 

•Idea, and the included angle, to find the third side a 6 by Case 3. 

Ex. 7. To find the vert heljRpht o m, of a Fiff. U. 

hill, above a ^iven point i. 

Flaoe the instrument at i ; measure a m. Direotlng 
the instrument bor, as an, take the angle nam. Then, 

■Inoe a n m is 90° Fig 12. we have one side a m, and 
two anglea now and anm, to find nm by Case 1. 

Add no, equal to ai, the height of the instrument 
Also, if the hill is a long one, add for curvature of the 
earth, and for refraotion, os explained in Example 3, 

Fig T. Or the instrument may be placed at the top of 
the hill ; and an angle of depression nieasnred ; instead 
of the angle of elevation nam. 

Bau. I. It is plain, that If the height om be prerionsiy 
known, and we wish to ascertain the diet from its sum- pjl, 

mlt m to any point i, the same measurement os before, •' 

of the angle nam, will enable iis to calculate a m by 

Case 1. Bo In Rx. 2. If the height n a be known, the angles measd In that example, will enable no 
to compute the dist a o ; so also in Figs 8, 4, 5, and 7 ; in all of which the process Is so plain os to 
require no further explanation. 

Km. 2. The height of a vert object by mcanM Of itS flhadow. Plant one end of 
a straight stick vert in the ground ; and measure ta shadow ; also measure the length of the shadow 
nt the Qhjeet. Then, u the length of the shadow of the stick Is to the length of the sUok abovi 
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fround, n li the lensth of the thadow of the oh]eet, to ite belgbl. If the ohJeet U IndlDed, the etioh 
wuM be equally Inoitued. 

_ Rem. 3. Or tbebeljflilofa vert object to n. 

w Fig. Fig 12^, whose distance r to is known, may be found by 

l x. Its reflection in a vessel of water, or in a piece of 

a looking giaii placed perfectly borliontal at r; for as r ois tothe helcht 

JL-,_ I oior the eye abort the reflector r, solar mlo^ 

the beight « n of the object above r. ^ ^ 

Rem. 4. Or let 0 c, Fig 12K be I 
O planted pole, or a rod held vert by an assistant. Then I ^ 
stand at a proper dist back from It, and keapiug the eyes steady, let marks be g 
made at o and e. where the lines of sight ( n and f m atrll* U»e Won M —-m. 
U(etoc«,.sois<mamii. 

- The following examples may be regarded as substitatea for strict tri(|onoiBe> 

try • and will ut times be useful, in case a Uble of slues, &g, 1b not rt baud for 
making trigonometrical calculations. 

Kx. 8. To find tbe dist ah, of wbich one end only 
accessible. 

\ Drive a stake at any convenient point a, from a lay off any angle 5 a c. In 

— the line a c, at anv convenient point c, drn e a stake , cud from c lay off an angle 

^ ^ ^ ^ /, „ In the line r d, at any com euleut Point,_M * 

V TtrnC drive a stake. Tht'ii. .<.undinB at d, and looking at />, place a stake o in range 

with d b, and at the same I line in the line a c. Measure no, oc, and cd; then, 
\1 from tbe principle of similar triangles, as 



Fig 14, n h being the dist, place a stake at n ; and lay off the angle h nm 90°. 
At any convenient dist n m, place a stak- m Make the angle » m y - 90° ; and 
place a stake at y, In range with h n- Measure a y and n m ; then, from the 
principle of Himllar triangles, as 

np t nm i i ntni nh. 

Or thus. Fig 14. Lay off the angle A n m = 90°, placing a stake 

m, at any convenient dist n tn. Measure h m. Also measure tbe angle n m ^ 


wi, at anv oouTenient diet n wi. Measure ft wi. Also measure the angie n m ^ 
Find nut tang of n «i A by Table Mult this uat tang by n »i. The prod 

will be » A. „ 

Or thus. Lay off angle A n w = 90°. From to measure the 
angle nmh, and lay off angle nmjf equal to it, placing a stake at y In range 
with A n. Then is « y = n A. 

u ^ Or thus, without measuring 

7 anyungrle; 

L t „ being the dist. Make w » of any convenient 

length, in range with t u. Measure any u o ; and 
/ o X equal to .t. in range Measure « o ; and o y 

/ X e„uul to it ID range. Place a BUke gin range with 

L both X y. and 1 o. Then will y x be both equal t« 

, 'X y t u, and parallel to it. 


Fig- 15. ^ y 


ar thus, without measuring any angle. 


7 \ \ Or thus. At a lay off angle oac - 6® 43'. Lay 

rv It off oc at right angles to ao. Measure 

^ ^ no ^ 10 0 c, too long only 1 part in 93R.6, fn 

Fig. 16. f ® a mtte, or .1069 foot (full U inches) in 100 feeL 
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g Ex. 9. To find the diet a b. of which the 
I cutis only are accessible. 

d From a lay off the angle & fi c; and from J, the angle ahd each 
90". Make a c and 6 d to each other. Then, c<i=--a/. Or 
a h ttia> be considered ns the dist across the river in Pigs I j, 13, or 
14 : and be ascertained in ihe same war. Or measure any dist, Pig 
17, a o, and make on In line and equal to it. Also measure ho\ 
and make om in line and equal to it. Then will mn be both paral. 
lei to a b, and equal to it. 


ix. 10. See Ex. 4. To And the entirely 
inaccessible dist y z, and also 
its direction. 

At any two convenient points a and 6, from each of which 
and z can be seen, drive stakes. Then we have the four 
irners of a four sided figure, m which are given the directions 
' three of its sides, and of its two diags. These data enable ut 
I lay out on the ground, the small four-sided fig a c o 1, exactly 
milar to the large one. Thus, in the line a b place a stake 
: and make c o parallel to b 2 ; 0 being at the same time m 
tnge of the diag a z. Also, from c make c i parallel to by; 
being at the same time in range of a v Then will t o be in 
le same dirootion as y z, or parallel to it. Mea^urc ti c, a h, 
id 1 0 ; then evidently, from the principle of similar figures, an 

a c i a b : i i o : y z. 

It y z were a \isiblc line such as a fence or road, we could 
■om a divide it into any rcqiiiied portions Thus, If we wish 
I place a suke halfway between y and 2 , first place one half- 
ay between i and 0 , then standing at a, by iiieHUs of signals, 
laoe a person 111 range on y z Or, to And along a b, a point t 
!rp to if a at y, first make 0 i s = 90" , and measure a s. Then, 

o i i a 9 1 1 y z i a t. 

Ex. 11. To And the position of a point, n, Fig: 10, 

y means of two angles a n b and b n c. taken from u to tke tl»>pe object* a b c, whozt piMtunii 
and dizti* apart are known 

The use of this problem is more frequent in marine than in land surveying. It is chiefiy employed 
ir determining the position n of a 
cat from which soundings are being 
iken along a coast As the boat 
loves from point to point to take 
«ah soundings, it becomes necessary 
I make a fresh observation at each 
cint, in order to define its position 
1 the chart. An observation consists 
I the measurement by a sextant of 
le two angles an b, b'n c, to the sig- 
als ab e, previously arranged on the 
bore. When practicable, this method 
lould be rejected ; and the observa- 
0 D 8 taken to the boat at the same 
istant, by two observers on shore, at 
VO of the stations. The boat to show 
signal at the proper moment. The 
ost expeditious mode of fixing the 
lint n upon the map, is to draw three 
aes, forming the two angles, and ex- 
uded indefinitely, on a piece of trans- 
ireut paper. Place the paper upon the map, and mo^'e it about until the three Hues pass through 
IP three stations , then prick through the imint n wherever it happens to come. 

Instead of the transparent paper, an instrument called a utatton pointer may be used when there 
:e many points to be fixed. 

But the position of the point n can be found more correctly by descrihuig two circles, as in Fig 19, 
u'h of which shall pass through n and two of the station points The quesiiuu Is to hnd the centers 
an i * of two such circles This is very simple. We know that the angle a u b at the center of a circle is 
rice as great as any angle an h at the circumf of the same circle, when lioth are subtended by the 
ime chord a b. Consequently, If the angle a n b, observed fniiii the boat is say , .'>0", tbe angle aob 
lUst he 100". And, since the three angles of every plane triangle are e(|ual to IW)", the two angles 
a b and oh a are together equal to IHO" — 100" — HO". A ud, since the two aides a o and b o are 
Ijual (being radii of the same oircte), therefore, tbe angles o a b and o b a arc equal , and each equal to 

— — 40". Consequently, on the map we have only to lay down at a and b, two angles of 40"; tbe 

tint 0 of intersection will be the center of the oirole a 6 n. Proceed in the same way with the angle 
n c, to fiund the center z. Then the Interseotioo of the two oiroles at n will be the point lought. 
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PAR AK.I.EI.OQBAMS. 

Square. Reetaiigli*. Ithombus. Rhomboid. 



A PAHALiiELCKiRAM 18 aoy figure of four Htraigiit sidert, the opposite ones of which 
are parallel. There are but four, as in the above figs. The vliombus, like the rhom* 
bolie«lron, I'ig 3, p 195, is sometimes called “rhomb.” In the square and rhouibuE 
all the four sides are equal; in the rectangh* and ihuml)oid only the opposite ouee 
are equal. In any iiarallelogram the four angles aniunnt to four right angles, oi 
.'h)0°; and any two diagonally o])i»oHite angles are equal* to each other; hence, having 
one angle given, the other three can readily be found. In a B(iuare, or a rhombus, a 
iliag divides each ol two angles into two equal parts; but in the two other parallel- 
ograms it does not. 


To find the area ol‘ any parallelog;ram. 

Multiply »ny side, as S, by the perp height, or dist p to the opposite side. Or. multiply togeth« 
two sides and nat sine of their include angle. 

The dl«K a L of any imuare la equal to one side mutt by I 4U.>1 , and a side is equal b 
diagonal 

f7l42l' • or, to diag mult by "07107. 

The side of a sqaare equal In area to a alvea elrele, is equal to diam X .8116227. 

The side of Ihe greatest square, that can /•« imerthed in 
a given tvrcle. Is equal to diam X .707107 

The side or a square mult by 1.51967 gives the side of an equi- 
lateral triangle of the same aieu All parallelograms m a 
and 0, which have equal bases, a c, and equal perp heights n 
r, have also equal areas, uud the area of each is twice that of a tri- 
angle having the same base, and perp height. The area of a 
square Inscribed in u circle is equal to twice the squaie ol the 
r id 

In every parallelogram, the 4 squares drawn on its aides have a united area equal to that o 
the two squares drawu ou lie 2 dlags. If a larger square l*e drawn on the diag u l> of a smalle 
square its area will he twice that of said smaller square. Rither diag of any parallelograil 
divides It into two equal triangles, and the 2 diags dlv it into 4 triaugles of equal areas. The tw 
dlagsofany parallelogram divide each other into two equal parts. Any line drawn throng] 
the center oi r a diag divides the parallelogram into two equal parts 

Remark 1.— The area of any fig whatever as B that Is enclosed by four atraigh 
lines, may be found thus . Mult together the two diags atn,nb; uud the uat sine of the least augl 
a 0 6; orn o m, formed by their interseotlou. Dlv the product by 2. This is useful in land surveyini 
when obstacles, as is often the case, mahe it dlfHcult to measure the tides of the fig or field ; while : 
may be easy to measure the diags ; and after finding their {mint of intersection o, to measure the n 
quired angle Bnt if the fig Is to be drawn, the parts o a, o 6, o n, o m of the diags must ab 
oe mcasd. 

Rem. S. — 'jLl'.fl sides of a parallelogram, triangle, and many other figs may h 
found, when only the area and angles are given, thus : Assume some particular one of ii 
sides to lie at the leugtb 1 ; aud calculate what its area would be if that were the case. Then as th 
«q rt of the area thus fouud Is to this aide 1, so is the sq rt of the actual given area, to the corn 
spending actual aide of the fig. 




On n Riven line irj!*, to draw a aqnarei 

tr a? ft ni. 

Prom w and x, with rod w x, describe the arcs x r y and w r < 
Prom tbelr iutersection r, aud with rud equal to of w x, desorlb 
t 8 s. Prom w aud x draw «> n aud xm tangential to s a s, an 
ending at the other arcs ; join n m . 
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A trapezoid a c n m, ii any figure with foar atralght eldei, 00I5 two of wbloh, aa ae and n A, art 
parallel. 

To And the area of any trapesoid. 

Add together the two parallel lidee, a e and m n ; mult the sum by the perp diet « ( btf een 
them; div the prod by 2. See the following rules for trapeziums, which are all equally appl ^le 
to trapezoids ; also see Remarks after Parallelograms. 

TRAPEZiridS. 



A trapezium a A c 0, is any fig with four straight sides, of which no two are parallel. 

To And the area of any trapeslnm^ havlnyc fi:iv4m the dias 
bOfOrac, between either pair of opposite ansrles; and alM 
the two perps, n, n, from the other two ansrles. 

Add together these two perps ; mult the sum by the diag j dlv the prmi by 2. 

Having the four sides { and either pair of opposite angles, 

as a be, aocf or bao, and bco. 

Consider the trapezium as divided into two triangles, In each of which are given two sides and the 
inoloded angle. Find the area of eaob of these triangtes as dlreoted under the preceding bead “ 
angles," and add them together. 

Having the fonr angles, and either pair of opposite sides. 

Begin with one of the sides, and the two angles at its ends. If the sum of these two angles exceeds 
liKP, subtract each of them from 180^. and make use of the rems instead of the augles themselves. 
Then consider this side and its two adjacent angles (or the two rems, as the case may be) as those 
of a triangle; and find its area as dirmted for ijui ease under the preceding head *' Triangle." Ot 
the same with the other given side, and its two adjacent angles, (or their rems, as the ease may be.) 
Subtract the least of the areas thus found, from the greatest, the rem will be the reqd area. 

Having three sidea; and the two included anglen. 

Mult together the middle side, and oue of the adjaceut sides , mult the prod by the uat slue of their 
Inoluded angle ; call the result a. Do the same with the middle side and its other adjacent side, 
and the nat sine of the ocher inoluded augle. oall the result 6. Add the two angles together ; find 
the diff between their sum aud ItMT, whether greater or less , find the uat sine of this difi’; mult 
together the two given sides which are opposite one another , mult the prod by the nat sine Jnst found ; 
oall the result c. Add together the results a and A ; then, if the sum of the two given angles is lees 
than 180°, subtract n from the sum of a and A; half the rem will be the area of the trapezium. But 
if the sum of the two given angles be greater than 180°, add together the three results a, A, and c; 
half their sum will be the area. 


Having the two diagonals, and either angle formed by their 
interseetion. 

See Remarks after Parallelograms. 
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To draw a ticxacon, each Hide of which fihall 
be equal to a g^lven line, a b. 

Prom a and h, with rad a I, describe the two area; from fhclr intersection, 
(, with the same rad, describe a circle ; around the circumf of which, step off 
the same rad. 

Side of a hexagon = nn X 



To draw an octagon, with each aide 
equal to a given line, c e. 

Prom c and e draw two perps, cp, ep. Also prolong ce toward 
/ and g ; and from c and c, with rad equal c e, draw the two 
quadrants; and And their oenters A A; join e A, and sA; draw 
• s and A t parallel to c p ; and make each of them equal to c e ; 
make c 0 , and « o, each equal to A A ; Join o o, o s, and o t. 

Side of an octagon — nnX .41421354. 



To draw an octagon in a given square. 

From each corner of the square, and with a rad equal to half iu diag, 
describe the four arcs; aud jolu the points at which thejr cut the aides of the 
tquare. 

To draw any regular polygon, with each side 
equal to tn n. 

t)lv 3A0 degrees bj the number of sides ; take the quot from ; div the 
tembytl. Thi« will giro the angle cm n, or cum. At m and n lay down these 
angles by a protractor: the sides of these angles will meet at a point, c, from 
which describe the circle m n y ; and around iu circumf step off dists equal to 
nt u. 

In any circle, m n to draw any regular 
polygon. 

Div360® by the number of sides ; thequot will belhe angle m cn. at the renter. 
Lay off this angle by a protractor; and its chord mn will be cue side; which 
step Off around the circumf. 



To reduce any polygon, as abed efa, to a triangle of the 
same area. 



Fig. 1. Fig. 2. 


If- we produce the side / a toward to ; add draw 6 g parallel to a c, and join g e. we get equal trl> 
hnglea a e A, and a c g. both on the same base a c; and both of the same perp height, inasmuch as 
they are between the two parallels a c and g b. But the part act forms a poi lion of both these trU 
angles, or in other words, U common to 6o«A. Therefbre, If it be taken away from both triangles, 
the remaining parts, ieb ot one of them, and < p a of the other, are also equal. Therefore, if the 
parti c b be left off from the polygon, and the pan i p a be taken into it, the polygon p/rd c t p will 
have the same area as a/s d c 6 a ; but It will have but flve sides, while itie other has six. Again, 
if s s be drawn parallel to d/, and d s joined, we have upon the same base e «, aud between the same 
parallels e t and d/, the two equal triangles e s d. and oof. with the pert eoa coinoion to both ; and 
eousequently the reniainiug part e o d of oue, and oof ot the other, are equal. Therefore, If o i / be 
loft off front the polygon, aud s o d be taken Into U, the new polygon p • d cp, Fig 2. will have the same 
area as p/s d c p; but it has but four sides, while the other has five. Fiually, if g $, Pig 2, be 
•xiended toward n ; and d n drawn parallel to e s ; and e n joined, wa have on the tamo base c s, and 
tietweea the aams parallels c t and d n, the two equal triangles es n, and cod, with the part c 1 1 
common to both. Therefore, if we leave out edt, and take iu.t t n, we have the trUngfe p » e equal 

lolliepolygonpsdcp. Fig»: opto a/sdc6rt, Figl. 

This simple method is applicable w pelygons of any number of aldeo, 
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Co reduce a larf^e Aa, ahe defgt to a smaller 
Himilar one. 

i^rom any interior poiirt o, wtiioh had bettor be near the oenter, draw lineB 
4o all the angles it. h, c, &o. Join theae lines by others puiallrl to the sides 
Vt the ilg. If It should tie reqd to enlarge a small fig, draw, from any point 
o within it, hues extending beyond its angles ; and join these lines by others 
puallol to the sides of the small fig. 


To reduce a map to one on a nmaller scale. 

The best method is by dividing the large map into squares by faint lines, with a very soft le 
pencil, and then drawing the reduced map upon a sheet of 
smaller squares A pair of proporttanal dividers will assist . 
much In fixing points intermediate Ilf the .sides of the squares \ n' Jj 

If tho large map would he Injured liv drawing and rubbing \ “ - 

out the squares, threads may be stretched across It to form the 
squares. 


In a rectang'niar Ag. ghsd, 

Kepresenting an open panel, to fimt ttie points o o o o in Ita 
sides; and at equal (lists from the angles g, and s; for inserting 
a diag piece o o o o, of k given width 1 1, measured at right 
angles to its length. From q and s as centers, descritie several 
concentric ares, ns in the Ffg. Draw upon transparent paficr, 
two parallel lines a a. e r. at a di'<tnnce apart equal to i 1 . and 
placing these lines on top of the p.iucl. move them aiiout until U 
IS shown hv the ares that the four dists g o. <i o. a <i. s o are 
equal. Instead of tiie transparent paper, a strip of common 
paper, of the nidth I I mm tie used 
Rkm. Many prohlems ivtiich would otherwise he very dlflirult. 
may be thus solved with an mtcuracy sulllcicnt for practical 
purposes, by mcaiiti of traiiH|Mircii< paper. 




To Ansi (h4> area i»f any irregular poly* 
gon. n H h c »4. 

Div It into triangles, as a nh, am c, and a h c, in each o 
which find the perp disi o, between Its base a b, a c, or b c; anf 
the opposite angle m, >n, or a, mult each base by ita perp disK 
add all ibe prods togethei , div by 

To And appr<»x the area of a long tv 
regtllar Ag, aa » h C d, between iU ends a 6. cm 



apace off equal dists, (the shorter they are the more accurate will be the result,) tlirongh which 
draw the iutcrmediate parallel lines I, 2, 'i, Ac, across tho breadth of the tig Measure the Icugiba 
of these luteniiedlatc lines ; add them together, to the sum add half the sum of the iwu end brcaillbl 
a b and c d. Mult the entire sum by one of the equal spaces between the parallel lines. The prod 
will be the area This rule answers as well if either one or both the ends terminate in points, as at m 
and n. In the last of these cases, both a b and c 4 will be laeluded in tne intermediate tines , and 
half tbe two cud breadths will be 0, or nothing. 

To And the area of any irregnlar Ognre. 


Draw around it lines wbioh shall enclose within them (as nearly at 


r — can be judged by the eye) as much spiice not tielougiiig to the figure as 


they exclude space belonging to it Tbe area of the simplified figure 
thus formed, being in Uils manner rendered equal to that of tbe com- 
plicated one, may be caloulated by dividing it Into triangles, ke By 
using a piece of fine thread, tbe proper position for the new boundary 
lines may be found, before drawing them in. 

Areas of irregular' figures may be found from a drawing, by laying 
upon it a pteoe of transparent paper oarefutly ruled into smalt squares, each of a given area, cay 18 
10, or lOO sq. ft. each ; and by flrat counting tbe whole squares, and then adding the fraoUons of 
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CIRCLEfSi. 

A circle is the area included within a curved line, called the circum- 
ferciicc, every point of which is equidistant from a fixed point, within the 
circle, called its center. Any straight line, passing entirely across the 
circle through its center, is called a diameter of the circle. Any straight 
line, extending from the center to the circumference, is called a radius. 

The ratio of the circumference to the diameter, or of the 
eemi-circuinference to the radius, — circumf diam, is called n (pi). 

== 4 (1 — 1/3 + l/o — 1/7 + 1/9 — etc.). 

n IS incommensurable ; i. e., it cannot be exactly stated arithmetically. 
It has been determined to several hundred placc.s of decimals. 


Approximate vaiuen of ir; jr = y f x/a : 


X j a 

3.141 592 653 6 1 — 307,788,000,000 

X 

3.55 ^ 113 

a 

— 11,776,700 

3.141 592 65 

. . + 875,08.'>.(X)0 

377 120 

. —42,447 

,3.141 .593 

. - 9.009.000 

300 114.6 

. + 13,576 

3.141 6 . 

- 427,037 

22 7 . . 

1 — 2,485 


Function!* of rr. 

Logarithm. 


TT - 3.14159205 0.497 1499 
n/2 1.57079032 0.196 1199 

Tr/3 - 1.04719755 0.020 0280 
2 - 4 442883 0.047 6049 

^/V 2" = 2 221442 0.34(1 6349 

l/ir - 0 318310 1.502 SfiOl 


Logarithm. 
2/n- - 0.630620 1.803 8801 

3/rr ^ 0.954930 1.979 9714 

jr2 - 9.869604 0.994 2997 

- 31.00628 1 491 4496 

Vir = 1.772454 0.248 5749 

I/i'tt' - 0.504190 1.751 4251 


For miillipICM of jt, see “Circumf,” m tables, pp. 163 to 178. 

Radius, R; Diameter, f>: Circumference, C: Area, ^4. 


2 rr li - n D 


2l A ; 


n 

A 


2/e = 

7rl{2 




/>2 


4rr 


pc 
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RKLATIONNOF CIRC LE TO OTHER FIOFREN. 

Cireiiniserihed polyy^on, regular or irregular. 

.Area of circle _ circumference of circle 
Area of polygon circumference of polygon* 



Equilateral trianirle of equal area. /) = diam of circle. 
Side of triangle = /> ] V i^3 - 1.34677 D. 


Square of equal area. 

Side of square = 0.SS623 X <liam of circle. 
Diam of circle === 1.12838 X side of .square. 
Inscribed square. D == diam of circle. 

Side of square = D = 0.7071 D. 
Area of square - 2 X radius* of circle. 
Railius of circle = % X diagonal of square 


= V'^%X side of square 


0.7071 X side. 


t'Ircnmscrihed square. 

A « area of square ; 


a 

a 


area of circle. 

^ A - 0.7854 A. 
4 



A 


1.2732 a; 
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PROBLEMS IK CIRCLES. 

To find tho diameter, d g, and the center, 
of a fjrlven circle. 

Draw any chord a b : and from its middle, o, draw, at 
right angles to it, a diam d g ; find the center c of this 
diain. Or s?e below. 


To describe a circle throni^h any three , 
points, a h dy not In a strai^pht line; i.*e. s V- 
throiig^h the three anfu^ies of a triang^le. 

Join the points by the lines ab,hd. From b, with 
any convenient rad, draw the arc m n ; and from a and eri 
rf, with the same rad, draw arcs y and z ; then two lines, 
c s, ct, drawn through the intersections of these arcs, 
will bisect a b and b a perpendicularly, and will meet at 
the center, c, of the circle. 




To inNcribe a circle in a trianfrle, draw two 
lines bisecting any two of the angles. Where these lines 
meet is the center of the circle. 


If any two chordH, as a h, o c, cross each other, as 
at n ; then as o n : n b : a n : n c. Hence, n 6 X an 
= 0 n X n c. That is, the product of the two segments 
of one of the chords is = the product of the two segments 
of the other chord. 



Tangr^iitm. 

Here the *' tangents” are merely straight lines, touclung 
the circle, without cutting it ; not trigonometrical 
tangents. 

To draw a tang^ent, i e i,to a circle, f hrougii 
an^ given point, e, in its circumf. 

Through the center c and the given point e, draw c o ; 
make e o * e c; from c and o, with any rad greater 
than half of o c, describe the two pmrs of arcs, t and i ; 
join their intersections i i. 

Or from e lay off any two equal distances ed,ef, and 
draw i i parallel to d t. 



To draw a tang, a n h, to a eirele, from a 
point, a, whieh Ih ontaldc of the circle. 

Join a c, c being the center of the circle. On o c, 
describe a semi-cirde ; through the intersection, «, draw 
a$ b. 



To draw a tang, g A, ft>om a cirenlar arc. 

g a dyof which n o is the rise. With rad g a, descrilie 
•a arc, t ao. Make t a » « a. Through ( draw g h. 
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TABLE 1 OF CIRCLES. 
Diameters In units and eighths, Ac. 
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TABI«S 1 OF €IRCLEB-(ContlQQed). 
Diameters In nnfts and elfrliths, Ac. 


ttH 

H 

Ji 


H9.1427 

89.5S54 

89. U2H1 
90.3208 

90. tl.35 
91.1002 
91.4989 
91.8916 
92 2843 
92.6770 
93.0697 
93.4624 
9.1.8551 
94.2478 
94.6405 
95.0332 
95.4259 
95.8186 
96.2113 
96.6040 
96 9967 
97.3894 
97.7821 
98.1748 
98 5675 
98.9602 
99.3529 
99.7456 

100.138 
100.531 
100.924 
101.316 
101.709 
102.102 
102 494 
102 887 
103.280 
103.673 
104.065 
104.458 
101,851 
105.243 
105.636 

106.029 
106.421 
106.814 
107.207 
107.600 
107.902 
108,386 
108.778 
1W.170 
109.563 
109.956 
110.348 
110.741 
111.134 
111.527 
111.019 
1 12.312 
112.706 

113.097 
113,490 
113 883 
114.276 
114.668 
115 061 
115.454 
115 846 
116.239 
116.632 
117 024 I 
117.417 I 
117.810 1 
118.202 , 
118.596 
116J)88 


6:12.36 

637.94 

643.55 

649.18 

654.84 
660 52 
666.2.1 

671.96 
677.71 
683.49 

689.30 

695.13 

700.98 

706.86 
712 76 

718.69 
724 64 
730 62 

736.62 
742 64 

748.69 

7.54 77 
760 87 
706 99 

773.14 

779.31 
785.51 
791.73 

797.98 
804 25 

810.54 

816.86 
82:1.21 
829.58 

815.97 
842.;i9 
848 83 
8.55.:i0 
861.79 

868.31 

874.85 

881.41 

888.00 

804.62 
901.26 
907.92 
914 61 

921.32 
928.06 
934.82 
941.61 

948.42 
955.25 
962.11 

969.00 
975.91 
982.84 
989 80 
996 78 

100:18 
1010.8 
1017 9 
1025 0 
1012 1 

1099.2 
1046.8 

1053.5 
1060.7 

1068.0 / 

1075.2 

1082.5 
1089.B 

1097.1 

1104.6 

nil 8 

1119.2 
UM.T 


119.381 

1134.1 

47M 

'49.618 

1781.4 

57M 

179.856 

2574i 

119.773 

1141.6 

% 

150 011 

1790.8 

H 

180.249 


120.166 

1149.1 

)6 

150.404 

1800.1 

X 

180.642 

2596.7 

120,559 

1156.6 

48 

150.796 

1809 6 

X 

181.034 

2608.0 

120.951 

1164.2 


151.189 

1819.0 

X 

181.427 

2619.4 

r21.:444 

1171.7 

y* 

151.583 

1828 5 

X 

181.820 

2630.7 

121.737 

1179.3 

H 

151.975 

1837.9 

58 

182.212 

2642 1 

122.129 

1186.9 


152.367 

18*7.5 

X 

182.605 

26.53.5 

122 522 

1194.6 

% 

152.760 

1857.0 


182.998 ! 

2664 9 

122.915 

1202..3 


153.153 

1866,5 

h 

183,390 

2676 4 

123..308 

1210 0 

X 

153.545 

1876.1 

X 

183.783 

2687 8 

123 700 

1217 7 

49. 

153.9;i8 

1885.7 

X 

184.176 

2699 3 

124.093 

1225 4 

H 

154.831 

1895,4 


184 569 

2710 9 

124 486 1 

12:33.2 

H 

164.723 

1905 0 

X 

184 %1 

2722.4 

124 878 1 

1241 0 

H 

155.116 

1914 7 

59 

185 354 

27.34.0 

125 271 1 

1248 8 

Vj 

155.509 

1921 4 

X 

185.747 

2745.6 

12>(>64 

1256 6 


1.55.902 

1934.2 


186.139 

2757.2 

126.056 

1264.5 


156 294 

194:i.» 


186 532 

2768.8 

126.449 

1272.4 

H 

156.687 

195:{ 7 

X 

186.925 

2780.6 

126.842 1 

1280.3 

.50. 1 

1.57.080 

1963 5 

% 

187 317 

2792.2 

127.235 

1288.2 


157.472 

1973 3 j 


187.710 

2803 9 

127.627 1 

1296 2 

M 1 

157.865 

1983 2 1 

X 

188 io:i 

2815.7 

128.020 

1304 2 


1.58.2.58 

199:».l 

Wt 

188 496 

2827.4 

128.41.3 

1312.3 


158 650 ! 

2«0:i.O 

X 

188 888 

28:39 2 

128.805 

1320 8 

H 

159 043 

2012 9 


189.281 

2851.0 

129 198 

1328.3 

h 

159.4:»6 

2022 8 


189 674 

2862 9 

129.591 

13:t6.4 


159 K29 

2032.8 

X 

190 066 

2874 8 

129 983 

i:341 5 

51. 

160 221 

2042.8 

% 

190.459 

2886.6 

i:to:i7fi 

13.52 7 


160 614 

2l>52.8 


190 852 

2898.6 

130 769 

i:i60 8 

161 007 

2062.9 

X 

191 244 

2910 5 

131.161 

i:t69 0 

% 

161.:i99 

2073 0 

61. 

191.637 

2922.5 

131.554 

1377 2 

H 

161.792 ! 

2083.1 

X 

192.030 

2934.5 

1:11.947 

1305 4 

H 

162.185 

2093.2 

y* 

193 423 

2946 5 

132.340 

1393 7 

H 

162.577 

2IO.3..3 

X 

192 815 

29.58.5 

1:12 732 

1402 C 

h 

162 970 

2113.5 

X 

193 208 

2970.6 

133 125 

1410.3 

it. 

16:1.363 

2123.7 


193, bOl 

2982.7 

13:4.518 

1418 6 

H 

163 756 

2133 9 


193.9‘»3 

2994 8 

1.13.910 

1427,0 

U 

164 148 

2144.2 

X 

194.386 

3006.9 

134.303 

1435.4 

h 

164.541 

2154.5 

62. 

194.779 

3019.1 

134.696 

1443 8 

h 

164 934 

2164 8 

X 

195,171 

3031.8 

135.088 

1452,2 


165,326 

2175.1 

X 

195 564 

3043.6 

135 481 

1460.7 


165 719 

2185.4 

h 

195 9,57 

8055.7 

13.5.874 

1469.1 

K 

166. 112 

2195.8 

X 

196.350 

3068.0 

136.267 

1477.6 

u. 1 

166 504 

2206.2 


196.742 

3080.3 

136 659 

1486.2 

M 

166 897 

2216 6 

K 

197.1.35 

3092.6 

1:47.052 

1494.7 


167 290 ! 

2227.0 

X 

197.528 

1 3104.9 

i:i7.445 

1503.3 

H 

167 68:1 

2237.5 

K!. 

197 920 

’ 3117.3 

137.8.37 

1511.9 

H 

168.075 j 

2248.0 

X 

198 313 

3129.6 

138.230 

1520.5 


168.468 

2258.5 

y* 

198.706 

3142.0 

138 623 

1529.2 

H 

168.861 : 

, 2269 1 

X 

199.098 

S164.i 

1.49.015 

1537.9 

% 

169.2.53 ! 

2279.6 

X 

199.491 

3166.6 

139 408 

1546.6 

64. 

m.646 

2290 2 

X 

199 884 

3179.4 

1:49 801 

1555.3 

H 

170 o:« 

2300.8 

X 

200 277 

SI91.9 

140 194 ! 

1564.0 

M 

170 431 

2311.5 

X 

200.669 

3204.4 

140 586 ’ 

1572.8 

H 

170.824 

2322.1 

64. 

201,062 

t :32l7.0 

140.979 

1581.6 


171.217 

2.H32.8 

X 

201.455 

8229.6 

141.872 

1590.4 

% 

171 609 

2343.5 

y* 

201.847 

.3242.2 

141.764 

1599.3 

H 

172.002 

2354.3 

X 

202.240 

3254.8 

143.157 

1608.2 

yi 

172.395 

2365.0 

X 

202.633 

3267 5 

142.550 

1617.0 

U. 

172.788 

2375.8 

X 

203.025 

3280.1 

142,942 

1626.0 

H 

173.180 ' 

2386.8 

H 

203.418 

3262.8 

143.3.35 

1634.9 

H 1 

17:1.578 

2397..5 

X 

203.811 

3806.6 

143.728 

1643.9 

% 

]7:i.966 

2408.3 

66 . 

204.204 

3318.3 

144.121 

1652.9 

H 1 

174 358 

2419.2 

X 

204.596 

8331.1 

144.513 

1661.9 

ti 1 

174.751 

2430.1 

h 

204.989 

3343.9 

144.906 

1670.9 

H 

175.144 

2441.1 


305.382 

3866.7 

145.299 

1680.0 

X 

1T5.5.H6 

2453.0 

X 

205.774 1 

3369.6 

145.691 

1689.1 

56. 

175.929 

2468.0 

X 

206.167 ! 

8882.4 

146.084 

1688.2 

H 

178.822 

2474 0 

X 

206.660 

6396.3 

146.477 

1707.4 

H 

176.716 

2485.0 

X 

206.962 

8408.3 

146.869 

1716.5 

H 

177.107 

2496.1 

66 . 

207.845 

.3421.3 

147.262 

1725.7 


177.500 

2507.2 

X 

207.738 

B4U.3 

147.655 

1734.9 

H 

177.893 

3518.3 

H 

208.131 1 

3447.2 

148.048 

1744.2 

H 

178.285 

3529.4 

X 

208.623 j 

3460.2 

148.440 

i 175.S.5 

X 

178.678 

2540.6 

X 

X 

208.916 

8473.2 

148.83S 

1 1762.7 

57. 

179.071 

3661.8 

209JI09 

3486.8 

149.326 

1773.1 

X 

179.468 

; 2663.0 

H 

209.701 1 

S460.4 



CIRCLES. 
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TABLE 1 OF CIRCLES. 
Diameters In units and eighths, Ac. 
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CIRCLm 


TABI«S 1 OF €IRCLEB-(ContlQQed). 
Diameters In nnfts and elfrliths, Ac. 


ttH 

H 

Ji 


H9.1427 

89.5S54 

89. U2H1 
90.3208 

90. tl.35 
91.1002 
91.4989 
91.8916 
92 2843 
92.6770 
93.0697 
93.4624 
9.1.8551 
94.2478 
94.6405 
95.0332 
95.4259 
95.8186 
96.2113 
96.6040 
96 9967 
97.3894 
97.7821 
98.1748 
98 5675 
98.9602 
99.3529 
99.7456 

100.138 
100.531 
100.924 
101.316 
101.709 
102.102 
102 494 
102 887 
103.280 
103.673 
104.065 
104.458 
101,851 
105.243 
105.636 

106.029 
106.421 
106.814 
107.207 
107.600 
107.902 
108,386 
108.778 
1W.170 
109.563 
109.956 
110.348 
110.741 
111.134 
111.527 
111.019 
1 12.312 
112.706 

113.097 
113,490 
113 883 
114.276 
114.668 
115 061 
115.454 
115 846 
116.239 
116.632 
117 024 I 
117.417 I 
117.810 1 
118.202 , 
118.596 
116J)88 


6:12.36 

637.94 

643.55 

649.18 

654.84 
660 52 
666.2.1 

671.96 
677.71 
683.49 

689.30 

695.13 

700.98 

706.86 
712 76 

718.69 
724 64 
730 62 

736.62 
742 64 

748.69 

7.54 77 
760 87 
706 99 

773.14 

779.31 
785.51 
791.73 

797.98 
804 25 

810.54 

816.86 
82:1.21 
829.58 

815.97 
842.;i9 
848 83 
8.55.:i0 
861.79 

868.31 

874.85 

881.41 

888.00 

804.62 
901.26 
907.92 
914 61 

921.32 
928.06 
934.82 
941.61 

948.42 
955.25 
962.11 

969.00 
975.91 
982.84 
989 80 
996 78 

100:18 
1010.8 
1017 9 
1025 0 
1012 1 

1099.2 
1046.8 

1053.5 
1060.7 

1068.0 / 

1075.2 

1082.5 
1089.B 

1097.1 

1104.6 

nil 8 

1119.2 
UM.T 


119.381 

1134.1 

47M 

'49.618 

1781.4 

57M 

179.856 

2574i 

119.773 

1141.6 

% 

150 011 

1790.8 

H 

180.249 


120.166 

1149.1 

)6 

150.404 

1800.1 

X 

180.642 

2596.7 

120,559 

1156.6 

48 

150.796 

1809 6 

X 

181.034 

2608.0 

120.951 

1164.2 


151.189 

1819.0 

X 

181.427 

2619.4 

r21.:444 

1171.7 

y* 

151.583 

1828 5 

X 

181.820 

2630.7 

121.737 

1179.3 

H 

151.975 

1837.9 

58 

182.212 

2642 1 

122.129 

1186.9 


152.367 

18*7.5 

X 

182.605 

26.53.5 

122 522 

1194.6 

% 

152.760 

1857.0 


182.998 ! 

2664 9 

122.915 

1202..3 


153.153 

1866,5 

h 

183,390 

2676 4 

123..308 

1210 0 

X 

153.545 

1876.1 

X 

183.783 

2687 8 

123 700 

1217 7 

49. 

153.9;i8 

1885.7 

X 

184.176 

2699 3 

124.093 

1225 4 

H 

154.831 

1895,4 


184 569 

2710 9 

124 486 1 

12:33.2 

H 

164.723 

1905 0 

X 

184 %1 

2722.4 

124 878 1 

1241 0 

H 

155.116 

1914 7 

59 

185 354 

27.34.0 

125 271 1 

1248 8 

Vj 

155.509 

1921 4 

X 

185.747 

2745.6 

12>(>64 

1256 6 


1.55.902 

1934.2 


186.139 

2757.2 

126.056 

1264.5 


156 294 

194:i.» 


186 532 

2768.8 

126.449 

1272.4 

H 

156.687 

195:{ 7 

X 

186.925 

2780.6 

126.842 1 

1280.3 

.50. 1 

1.57.080 

1963 5 

% 

187 317 

2792.2 

127.235 

1288.2 


157.472 

1973 3 j 


187.710 

2803 9 

127.627 1 

1296 2 

M 1 

157.865 

1983 2 1 

X 

188 io:i 

2815.7 

128.020 

1304 2 


1.58.2.58 

199:».l 

Wt 

188 496 

2827.4 

128.41.3 

1312.3 


158 650 ! 

2«0:i.O 

X 

188 888 

28:39 2 

128.805 

1320 8 

H 

159 043 

2012 9 


189.281 

2851.0 

129 198 

1328.3 

h 

159.4:»6 

2022 8 


189 674 

2862 9 

129.591 

13:t6.4 


159 K29 

2032.8 

X 

190 066 

2874 8 

129 983 

i:341 5 

51. 

160 221 

2042.8 

% 

190.459 

2886.6 

i:to:i7fi 

13.52 7 


160 614 

2l>52.8 


190 852 

2898.6 

130 769 

i:i60 8 

161 007 

2062.9 

X 

191 244 

2910 5 

131.161 

i:t69 0 

% 

161.:i99 

2073 0 

61. 

191.637 

2922.5 

131.554 

1377 2 

H 

161.792 ! 

2083.1 

X 

192.030 

2934.5 

1:11.947 

1305 4 

H 

162.185 

2093.2 

y* 

193 423 

2946 5 

132.340 

1393 7 

H 

162.577 

2IO.3..3 

X 

192 815 

29.58.5 

1:12 732 

1402 C 

h 

162 970 

2113.5 

X 

193 208 

2970.6 

133 125 

1410.3 

it. 

16:1.363 

2123.7 


193, bOl 

2982.7 

13:4.518 

1418 6 

H 

163 756 

2133 9 


193.9‘»3 

2994 8 

1.13.910 

1427,0 

U 

164 148 

2144.2 

X 

194.386 

3006.9 

134.303 

1435.4 

h 

164.541 

2154.5 

62. 

194.779 

3019.1 

134.696 

1443 8 

h 

164 934 

2164 8 

X 

195,171 

3031.8 

135.088 

1452,2 


165,326 

2175.1 

X 

195 564 

3043.6 

135 481 

1460.7 


165 719 

2185.4 

h 

195 9,57 

8055.7 

13.5.874 

1469.1 

K 

166. 112 

2195.8 

X 

196.350 

3068.0 

136.267 

1477.6 

u. 1 

166 504 

2206.2 


196.742 

3080.3 

136 659 

1486.2 

M 

166 897 

2216 6 

K 

197.1.35 

3092.6 

1:47.052 

1494.7 


167 290 ! 

2227.0 

X 

197.528 

1 3104.9 

i:i7.445 

1503.3 

H 

167 68:1 

2237.5 

K!. 

197 920 

’ 3117.3 

137.8.37 

1511.9 

H 

168.075 j 

2248.0 

X 

198 313 

3129.6 

138.230 

1520.5 


168.468 

2258.5 

y* 

198.706 

3142.0 

138 623 

1529.2 

H 

168.861 : 

, 2269 1 

X 

199.098 

S164.i 

1.49.015 

1537.9 

% 

169.2.53 ! 

2279.6 

X 

199.491 

3166.6 

139 408 

1546.6 

64. 

m.646 

2290 2 

X 

199 884 

3179.4 

1:49 801 

1555.3 

H 

170 o:« 

2300.8 

X 

200 277 

SI91.9 

140 194 ! 

1564.0 

M 

170 431 

2311.5 

X 

200.669 

3204.4 

140 586 ’ 

1572.8 

H 

170.824 

2322.1 

64. 

201,062 

t :32l7.0 

140.979 

1581.6 


171.217 

2.H32.8 

X 

201.455 

8229.6 

141.872 

1590.4 

% 

171 609 

2343.5 

y* 

201.847 

.3242.2 

141.764 

1599.3 

H 

172.002 

2354.3 

X 

202.240 

3254.8 

143.157 

1608.2 

yi 

172.395 

2365.0 

X 

202.633 

3267 5 

142.550 

1617.0 

U. 

172.788 

2375.8 

X 

203.025 

3280.1 

142,942 

1626.0 

H 

173.180 ' 

2386.8 

H 

203.418 

3262.8 

143.3.35 

1634.9 

H 1 

17:1.578 

2397..5 

X 

203.811 

3806.6 

143.728 

1643.9 

% 

]7:i.966 

2408.3 

66 . 

204.204 

3318.3 

144.121 

1652.9 

H 1 

174 358 

2419.2 

X 

204.596 

8331.1 

144.513 

1661.9 

ti 1 

174.751 

2430.1 

h 

204.989 

3343.9 

144.906 

1670.9 

H 

175.144 

2441.1 


305.382 

3866.7 

145.299 

1680.0 

X 

1T5.5.H6 

2453.0 

X 

205.774 1 

3369.6 

145.691 

1689.1 

56. 

175.929 

2468.0 

X 

206.167 ! 

8882.4 

146.084 

1688.2 

H 

178.822 

2474 0 

X 

206.660 

6396.3 

146.477 

1707.4 

H 

176.716 

2485.0 

X 

206.962 

8408.3 

146.869 

1716.5 

H 

177.107 

2496.1 

66 . 

207.845 

.3421.3 

147.262 

1725.7 


177.500 

2507.2 

X 

207.738 

B4U.3 

147.655 

1734.9 

H 

177.893 

3518.3 

H 

208.131 1 

3447.2 

148.048 

1744.2 

H 

178.285 

3529.4 

X 

208.623 j 

3460.2 

148.440 

i 175.S.5 

X 

178.678 

2540.6 

X 

X 

208.916 

8473.2 

148.83S 

1 1762.7 

57. 

179.071 

3661.8 

209JI09 

3486.8 

149.326 

1773.1 

X 

179.468 

; 2663.0 

H 

209.701 1 

S460.4 



CIBCLB8. 


ler# 


TABUS, S OF CIltCLESWContImwd). 


Dlameten in unite and tenths. 


Ma . 

Circumf . 

Area . 



Area . 

Dia . 

Cireamf . 

Arte . 

18.7 

68' . s 

274.6459 

24.9 

78.22566 

486.9547 

81.1 

97.70353 

759 J 3460 

.8 

69^ 1 

277.5911 

25.0 

78.63982 

490.8739 

.2 

98.01769 

764.5880 

.9 

69 37010 

280.5521 

.1 

78.85398 

494.8087 

.8 

98. S 81&5 

769.4467 

190 

69 09020 

283.5287 

.2 

79.16813 

498.7592 

.4 

98.64601 

774.8712 

,1 

0 hM 42 

286.5211 

.3- 

79.48229 

502.7255 

.5 

98.96017 

779.8113 

2 

,>1868 

289.5292 

.4 

79.79645 

506.7075 

.6 

99.27433 

784.2672 

i 

60.63274 

292.5530 

.5 

80.11061 

510.7052 

.7 

99.58649 

789.2888 


60.94690 

295.5925 

.6 

80.42477 

614.7186 


99.90266 

794.2260 


61.26106 

298.6477 

.7 

80 7:1893 

618 7476 

.9 

100.2168 

799.2290 


61.57522 

:-«)1.7186 

.8 

81.05309 

522.75)24 

82.0 

100..5810 

804.2477 

.7 

61.88938 

304 8052 

.9 

81.36725 

626.8529 

.1 

100.8451 

809.2821 

.8 

62.20363 

307 ' J 075 

26.0 

81.68141 

530.9292 

.2 

101.1593 

814.3822 

.9 

62.51769 

311.0255 

.1 

81.99557 

635.0211 

.8 

101.4734 

819.8980 

20.0 

62.83185 

314.1593 

.2 

82.30973 

639.1287 

.4 

101.7876 

824.4796 

.1 

63.14601 

317.3087 

.3 

82.62389 

643.2521 

.5 

102.1018 

829.5768 


63.46017 

320.4739 

.4 

82.9:1805 

647.3911 

.6 

102.4159 

834.6898 


63.77433 

323 6547 

.5 

83 2.5221 

661.5459 

.7 

102.7301 

839.8184 

1 

64.08849 

326 8513 


8:1.56636 

555.7163 

.8 

103.0442 

844.9628 


64.40265 

330.0 C >:16 

.7 

8: i 8 W )52 

559.9025 

.9 

103.3584 

850.1228 

.0 

i 64.71681 

333.2916 

.8 

8419468 

564.1044 

33.0 

103.6726 

855.2966 

.7 

65.03097 

336.-5353 

.9 

84.50884 

568.8220 

.1 

103.9867 

860.4901 

> 

65.34513 

3:59.7947 

27.0 

84 82300 

572.555:1 


104.3009 

865.6978 

9 

65.65929 

343 0698 

.1 

85.13716 

576.8043 

.3 

104.6150 

870.9202 

210 

• 66 97345 

816 3606 

.2 

85.45132 

581.0690 

.4 

104.9292 

876.1588 

.1 

i 6*1.28760 

349 Oj 71 


85.76548 

585,3494 

.6 

m ').2434 

881.4181 

.2 

; 66.60176 

352.9894 

.4 

86.07961 

589.6455 

.6 

105.5575 

886.6831 

.3 

66.91592 

856.3273 

.5 

86 :{9: i 80 

593.9574 

.7 

105.8717 

891.9688 

.4 

! 67.23008 

&59 6809 

.6 

8670796 

598.2849 

.8 

i 1061858 

897.2708 


67.54424 

363.0503 

.7 

87.02212 

602 6282 

.9 

106.5000 

902.6874 

.6 

07.85810 

366.4354 

.8 

1 87.33628 

606.9871 

84.0 

106.8142 

907.9308 

.7 

' 68.17256 

1 369.8361 

.9 

87.65044 

/ 611.3618 

.1 

107.1283 

913.2688 

.8 

68.48672 

373.2526 

28.0 

87.96450 

1 615.7522 

.2, 

1 107.4425 

I 918.6331 

.9 

68.8(X)88 

376.6848 

.1 

88.27875 

620.1582 


107.7566 

924.0131 

22.0 

69.11504 

:580.1327 


88.59291 

624.5800 

.4 

108.0708 

929.4088 

.1 

69.42920 

383.5963 

J8 

88.90707 

629.0175 

.5 

108.3849 

934.8202 

.2 

69.74336 

887.0756 

.4 

89.22123 

633.4707 

.6 

108.6991 

940.2473 


70.05752 

390,5707 

.6 

89 53539 

637.9397 

.7 

109.0133 

945.6901 

.4 

70.37168 

394.0814 

.6 

89.81955 

642.4243 

.8 

109.3274 

951.1486 

Jb 

70.68583 

397.6078 

.7 

90.36371 

646.9246 

.9 

109.6416 

956.6228 

.6 

70.99999 

401.1500 

.8 

90.47787 

661.4407 

85.0 

109.9557 

962.1128 

.7 

71.31415 

404.7078 

.9 

90.79203 

655.9724 

.1 

110.2699 

967.6184 

.8 

71.62831 

408.2814 

29.0 

91.10619 

660.5199 

.2 

110.5841 

973.1897 

.9 

71.94247 

411.8707 

.1 

91.42035 

665.0830 

.8 

110.8982 

978.6768 

28.0 

72,25663 

415.4756 

.2 

91.73451 

669.6619 

.4 

111.2124 

984.2296 

.1 

72.57079 

419.0963 

.3 

92.04866 

674.2565 

.6 

111.5265 

989.7980 

.2 

72.88495 

422.7327 

.4 

92.36282 

678.8668 

.6 

111.8407 

995.8822 

.8 

73.19911 

426.: i 848 

.6 

92.67698 

683.4928 

.7 

112.1549 

1000.9821 

.4 

78.51327 

480.0.526 

.6 

92 99114 

6881345 

.8 

112.4690 

1006.5977 

.5 

78.82743 

433.7361 

.7 

93 305:10 

692.7919 

.9 

112.7832 

1012.2290 

.6 

74.14159 

437.4.354 

,8 

93.61946 

697.4650 

86.0 

113.0973 

1017.8760 

,7 

74.45575 

441.1503 

.9 

93.93:162 

702.1.538 

.1 

113.4115 

1023.6887 


74.76991 

444.8809 

80.0 

94.24778 

706.8583 

.2 

113.7257 

1029.2172 

.9 

76.08406 

448.6273 

.1 

94.56194 

711.5786 

.8 

114.0398 

1034.9118 

2 t .0 

1 75.39822 

452,3898 

.2 

94.87610 

716.3145 

.4 

114.3540 

1040.6212 

.1 

75.71238 

456.1671 

.3 

95.19026 

721.0662 

.5 

114.6681 

1046.3467 

.2 

1 

459.9606 

A 

95.50442 

725.8336 

.6 

114.9823 

1052.0880 

.3 

76.34070 

463.7698 

.6 

95.81858 

730.6166 

:7 

115.2965 

1057.8449 

.4 

76.65486 

467,5947 

.6 

96.13274 

735.4154 

.8 

116.6106 

1063.6176 

.6 

76.96902 

471.4362 

.7 

96.44689 

740.2299 

.9 

115.9248 

1069.4060 

.6 

77.28318 

475.2916 

.8 

96.76105 

745.0601 

87.0 

116.2389 

1075.2101 

,7 

77.59734 

479.1636 

.9 

97.07521 

749.9060 

a 

116.6531 

1081.0299 

J8 

77^1160 

488.0513 

81.0 

97.88987 

754.7676 

1 -2 

116.8672 

1086.8654 


15 
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CIRCUSS* 


TABLE 2 OF CTRCLElMCoDtinned). 
Dlanieters In nnita and tenthi** 


IHa. 

Circumf. 

Area. 

Dia. 

C'ircumf. 

Area. 

Dia. 

Circumf. 

1 Area. 

87.3 

117.1814 

1092.7166 

43.5 

136.6.593 

14 S 6.1697 

49.7 

156,1372 

1940.0041 

.4 

117.4956 

1098.5835 

.6 

136.9734 

1493.0105 

.8 

156.451:3 

1947.818 S 

.6 

117.8097 

1104 4662 

.7 

137.2876 

1499.8670 

.9 

156 7655 

19.5 i 5 619.3 

.6 

118.1239 

1110 3645 

.8 

137.6018 

1506.739.1 

50.0 

157.0796 

1963 49,54 

.7 

118 4380 

1116 2786 

.9 

137.9159 

1513.6272 

.1 

157.39.38 

1971 3572 

.8 

118 7522 

1122 2083 

44.0 

138 2:101 

1520..5308 


1.57.7080 

1979.2:418 

.9 

119.0664 

1128 1538 

.1 

138 5442 

1527.4502 

.s 

1.58.0221 

1987 1280 

88.0 

119.3805 

11.34.1149 

.2 

! 138.8 ri 84 

1534.3853 

A 

1.58..3:36:3 

1995.0370 

.1 

119.6 W 7 

1140.0918 

.3 

139.1726 

1541.3,360 

.5 

158.6604 

2002.9617 

.2 

120.0088 

1146.0844 

A 

139.4867 

1548.3025 

.6 

158.9646 

2010.9020 

.3 

120.3230 

1152.0927 

.5 

139.8009 

1555.2847 

.7 

1.59.2787 

2018.8581 

.4 

120.6372' 

1158.1167 

.6 

140.1150 

1562.2826 

.8 

1.59.5929 

2026.8299 

.6 

120.9513 

1164.1564 

.7 

140.4292 

1569.2962 

.9 

159.9071 

20.34.8171 

.6 

121.2655 

1170.2118 

.8 

140 7434 

1 1576 3255 

61.0 

160 2212 

2042.8206 

.7 

121.5796 

1176.2830 

.9 

141.0.575 

158,3.3706 

.1 

160.5:;, "4 

20 r >0.8; i 9.5 


121 89:18 

1182.3698 

45.0 

141.3717 

1 1590.4313 

3 

160.8195 

207)8.8742 

.9 

122,2080 

1188.4724 

.1 

141.6858 

1597.5077 

.3 

161.16:37 

2066.9245 

89.0 

122.5221 

1194.5906 

3 

142.0000 

1601.5999 

.4 

161 4779 

2074 990.5 

.1 

122.8363 

1200.7246 

.3 

142.3141 

1611.7077 

.5 

161.7920 

2083.0723 

J2 

123 1504 

1206.87421 

.4 

142.6283 

1618.8313 

.6 

162.1( K )2 

2091.1697 


123.4646 

1213.0396 

A 

142.9425 

1625.9705 

.7 

162.120:3 

2099.2829 

.4 

123.7788 

1219.2207 1 

.6 

143.2566 

1633.1265 

.8 

162 7.345 

2107,4118 

.5 

124.0929 

1225.4175 

.7 

143.5708 

1640.2962 

.9 

163 0187 

2115..5563 

.6 

124.4071 

1231 6300 

.8 

143 8849 

1647.4826 

62.0 

163.3628 

212:3.7166 

.7 

124.7212 

1237.8582 

.9 

144.1991 

1654.6847 

.1 

163.6770 

2i:31 8926 


125.0354 

1244.1021 

46.0 

144.5133 

1661.9025 

.2 

103.9911 

2140.0843 

.9 

125.3495 

1250.8617 

.1 

144.8274 

1669.1360 

.8 

164.8053 

21482917 

40.0 

125.6637 

1256 6371 

3 

145.1416 

1676.3853 

.4 

164.6195 

21.56.5149 

.1 

125.9779 

1262.9281 

A 

145.45 r .7 

1683.6502 

.5 

164.9336 

2164 7537 

.2 

126.2920 

1269.2348 

A 

145,7699 

1690.9808 

.6 

165.2478 

2173.0082 


126.6062 

1275.5573 

.5 

146.0841 

1698.2272 

•7 

165..5619 

2181.2786 

.4 

126.9203 

1281.8955 

.6 

146.3982 

1705.5892 

.8 

165.8761 

2189 5644 

.8 

127.2345 

1288 2493 

.7 

146.7124 

1712.8670 

.9 

166.1903 

2197.8661 

.6 

127.5487 

1294 6189 

.8 

147.0265 

1720.2105 

68.0 

166..^)014 

2206.1834 

•7 

127.8628 

1301.0042 

.9 

147.3407 

1727.5697 

.1 

166 8186 

2214., 5165 

.8 

128.1770 

1307.4052 

47.0 

147.6549 

1734.9445 

.2 

167.1327 

2222.8658 

.9 

128.4911 

1313.8219 

.1 

147.9690 

1742.:3 a 51 

.8 

167 4469 

22. il .2298 

41.0 

128.8058 

1320.2543 

3 

148.2832 

1749 7414 

.4 

167.7610 

22:39.6100 

d 

129.1195 

1326.7024 

A 

148.5973 

1757.1635 

.6 

168.07.52 

2248.0 a 59 

3. 

129.4336 

1333.1663 

A 

148.9115 

1764.6012 

.6 

168.3894 

22,56.4175 

& 

129.7478 

1339.6458 

.5 

149.2257 

1772.0546 

.7 

168 7035 

221)4.8448 

A 

130.0619 

1846.1410 

.6 

149.5398 

1779.5287 

.8 

169.0177 

2273 2879 


180.3761 

1352.6520 

.7 

149.8540 

1787.0086 

.9 

169.3318 

2281.7466 

.6 

130.6903 

1359.1786 

.8 

150.1681 

1794.5091 

54.0 

1 G 9.64 G 0 

2290.2210 

.7 

131.0044 

1365.7210 

.9 

150.4823 

1802.0254 

.1 

169.9602 

2298.7112 

.8 

131,3186 

1372.2791 

48.0 

160.7964 

1809. f )574 

3 

170.2743 

2307.2171 

.9 

131.6327 

1378.8529 

.1 

151.1106 

1817.1050 

.3 

170..5885 

2316.7386 

42.0 

131.9469 

1385.4424 

3 

151.4248 

1824.6684 

.4 

170.9026 

2324.2759 

.1 

182.2611 

1392.0478 

.8 

161.7389 

18.32.2475 

.6 

171.2168 

2332 8289 

3 

132.5762 

1398.6685 

•4 

162.0531 

1889.8428 

.6 

171.5310 

2341.3976 

.8 

132.8894 

1405.3051 

.5 

152.3672 

1847.4528 

.7 

171.8451 

2349.9820 

.4 

133.2035 i 

1411.9574 

.6 1 

162.6814 

1865.0790 

.8 

172.1593 

23,58.5821 


183.5177 

1418.6254 

.7 

152.9956 

1862,7210 

.9 

172.4734 

2367.1979 

A 

133.8318 

1425.8092 

.8 

153.3097 

1870.3786 

66.0 

172.7876 

2375.8294 

.7 

134.1460 

1432.0086 

.9 

153.6239 

1878. a 519 

.1 

173.1018 

2384.4767 

A 

134.4602 

1438.7238 

49.0 

158.9380 

1885.7410 

.2 

173.4159 

2:393.1396 

» 

134.7743 

1445.4546 

.1 

154.2522 

1893.4457 

.8 

178.7301 

2401 8188 

480 

185.0885 

1452.2012 

.2 

154.5664 

1901.1662 

.4 

174,0442 

2410.5126 

.1 

185.4026 

1458.9635 

.8 

164.8805 

1908.9024 

A 

174.3.584 

2419 2227 

3 

135.7168 

1465.7416 

.4 

155.1947 

1916.6543 

.6 

174.6726 

2427.9485 

A 

136.0810 

1472.5352 

.6 

166.6088 

1924.4218 


174.9867 

24.36.6899 

A 

186.8451 

1479.3446 

.6 

155.8280 

1982.2061 


176.3009 

2445.447] 




CIRCLES. 
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TABLE 2 OF CIRCLES— (Contlondd). 
Diameters in units and tentbs* 


Dls. 

Circamf. 

Area. 

Dia. 

Circumf. 

Area. 

Dia. 

Ctrcumf. 

Area. 

^.9 

175.6150 

24.54.2200 

62.1 

195.0929 

3028 8173 

68.3 

214.5708 

3663.7960 

5 A .0 

175.9292 

2463.0086 

.2 

195.4071 

3038.5798 

.4 

214.8819 

3674.5324 

.1 

176.2 i : i 3 

2471.8130 

.3 

195.7212 

3048 3580 

.5 

215.1991 

3685.2845 

.2 

17 f ).5 r )75 

2480.6330 

.4 

1960354 

3058.1520 

.6 

215.5133 

: i 696.0523 

.3 

176.8717 

2489.4687 

.6 

196.: M 95 

3067.9616 

.7 

215.8274 

8706.8359 

.4 

177.1858 

2498.3201 

.6 

196.6637 

3077.7869 

.8 

216 1416 

3717.6351 

.5 

177.5000 

2507.1873 

.7 

196.9779 

:1087.6279 

.9 

216.1557 

3728.4500 

.6 

177.8141 

2516.0701 

.8 

197.2920 

3097.4847 

69.0 

216.7699 

3739.2807 

.7 

178.1 28 ;l 

2624.96)87 

.9 

197.6062 

3107.3571 

.1 

217.0841 

3750.1270 

.8 

178.4425 

2 i 533.8830 

63.0 

197.9203 

3117.2453 

.2 

217.: i 982 

3760.9891 

.9 

178.7566 

2642.8129 

.1 

198.2345 

3127 1192 

.3 

217.7124 

8771.8668 

57.0 

179 0708 

2551.7.586 

.2 

198.5487 

3137 0688 

.4 

218.0265 

3782.7603 

.1 

179.3849 

2560.7200 

.8 

198.8628 

3147.( K >40 

.5 

218.3407 

3793.6695 

.2 

179. r )99 l 

2.569 6971 

.4 

199.1770 

3156.9850 

.6 

218 6548 

3804.5944 

.3 

180 0133 

2.578 6899 

.5 

1 199.1911 

3166.9217 

.7 

218.9690 

:1815.5350 

A 

180.3274 

2587.6985 

.6 

199.80.53 

3176.9012 

.8 

219.2832 

: i 826.4913 

.5 

180 6416 

2596.7227 

.7 

! 200.1195 

3186.9023 

.9 

219 5973 

:1837.4633 

.6 

180.95.57 

2605.7626 

.8 

1 200.1336 

3196.9161 

70.0 

219 9115 

3848.4610 

.7 

181 2699 

2614.8183, 

.9 

1 200.7478 

:1206.9456 

.1 

220.2266 

3859.4544 

.8 

181.5841 

2623.8896 

64.0 

201.0619 

1 3216.9909 

.2 

220.5:198 

3870.4736 

9 

181.8982 

26: i 2 9767 

.1 

201.37«>1 

3227 0518 

.3 

220.8540 

3881.5084 

SH.Ir 

182.2124 

2642 0794 

.2 

201.6902 

1 3237 1285 

.4 

221 1681 

3892.5590 

.1 

182 5265 I 

2651.1979 

.3 

202.0014 

3247 2209 

.5 

221.4823 

3908.6252 


182.8407 ! 

2660.3321 

,4 

202.:31 H 6 

:12.57 3289 

.6 

221.7964 

3914.7072 

.3 

183 1.549 

26<'.9.4820 

.5 

202 6327 

3267.4527 

.7 

2221106 

8925.8049 

.4 

183.46'. K ) 

2678 6476 

.6 

202 9469 

3277 5922 

.8 

222.4218 

39:16.9182 

5 

18:1.7832 

2687.8289 

.7 

203.2610 

: J 287 7474 

.9 

222.7:189 

3948.0473 

.6 

184.0973 

2697.0259 

.8 

203.57.52 

32{>7.9183 

71.0 

223.0531 

3959.1921 

.7 

184 4115 

2706.2386 

.9 

203.8894 

:}:{08.1 O 49 

.1 

223.3672 

3970.3526 

.8 

184 7256 

2715.4670 

6 o.O 

204 2035 

3:118.3072 

.2 

223.6814 

3981.5289 

.9 

18.5 0398 

2721.7112 

.1 

204.5177 

3328.5253 

.3 

223.9956 

3992.7208 

59.0 

185.3540 

2733.9710 

.2 

204.8318 

: i 3: i 8.7590 

.4 

224.3097 

4003.9284 

.1 

185.6681 

2743.2466 

.3, 

205.14()0 

3319.0085 

.5 

224.6239 

4015.1518 

.2 

185.9823 

2752.5:178 

.4 

205.4602 

3359 2736 

.6 

224.9380 

4026 3908 

.3 

186.2964 

2761.8148 

.5 

205.7743 

3369 5545 

.7 

225.2522 

4037.6456 

.4 

186 6106 

2771.1675 

.6 

206.0885 

3379.8510 

.8 

225.5664 

4048.9160 

.5 

186.9248 

2780.5058 

.7 

206.4026 

3:190.1633 

.9 

225.8805 

4060 2022 

.6 

187.2:189 

2789 8599 

.8 

206 7168 

3400.4913 

72.0 

226.1947 

4071.5041 

.7 

187 5 f »31 

2799.2297 

.9 

207.0310 

3410.8150 

.1 

22). r )088 

4082.8217 

.8 

187 8672 

2808 6152 

66.0 

207.:3451 

3421 1944 

.2 

226 8280 

4094.1550 

.9 

188.1814 

2818.0165 

.1 

207.6593 

3431.5695 

.3 

227.1871 

4105.5040 

90.0 

188.49.56 

2827.4334 

.2 

207.9734 

3441 9603 

.4 

227 4513 

4116.8687 

.1 

188.8097 

28.36.8660 

.3 

208.2876 

3452.3669 

.5 

227.7655 

4128.2491 

.2 

189 12:19 

2846 3144 

,4 

208.6018 

3462.7891 

.6 

228.0796 

4139.6452 

.3 

189.4.380 

2855.7784 

.5 

208.9159 

3473.2270 

.7 

228.3938 

4151.0071 

.4 

189.7522 

286.5.2582 

.6 

209.2301 

;1483.68(»7 

.8 

228.7079 

4162.4846 

Jb 

190.0664 

2874 7.536 

.7 

209.5442 

3494.1500 

.9 

229.0221 

4173.9279 

6 

190 3805 

2881.2648 

.8 

209.8584 

3504.6351 

78.0 

229.3363 

4185.3868 

,7 

190.6947 

2893.7917 

.9 

210.1725 

8515.1:159 

.1 

229.6504 

4196.8615 

.8 

191.0088 

2903.3343 

67.0 

210.4867 

3525.6524 

.2 

229.9646 

4208.8519 

.9 

191.3230 

2912.8026 

.1 

210.8009 

3536 1845 

.3 

230.2787 

4219.8579 

Si.o 

191.6372 

2922.4666 

.2 

211.1150 

8546.7324 

.4 

280.5929 

4231.3797 

.1 

191.9513 

29:32 a 563 

.8 

211.4292 

8557.2960 

.5 

230.9071 

4242.9172 


192.2655 

2941.6617 

.4 

211.74:38 

8567.8754 

.6 

231.2212 

4254.4704 


192.5796 

2951.2828 

5 

212.8575 

8578.4704 

.7 

231.5354 

4266.0394 

.4 

192.8988 

2960.9197 

6 

212.. S 717 

8589.0611 

.8 

231.8495 

4277.624 D 

.6 

193.2079 

2970.5722 

7 

212.6858 

3590.7075 


232.1637 

4289.2243 

.6 

193.5221 

2980.2405 

8 

213.0000 

3610.3497 

74.0 

232.4779 

4300 8403 

.7 

193.8368 

2989.9244 

.9 

213,3141 

3621.0075 

.1 

232.7920 

4312.4721 

A 

194.1504 

2999.6241 

68.0 

213.6283 

36; n .6811 

.2 

233.1062 

4324.1105 

A 

194.4646 

8009.8395 

.1 

218.9425 

8642.3704 

.8 

238.4208 

4385.7827 

ILO 

194.7787 

8019.0705 

.2 

214.2566 

8653.0754 

.4 

233.7845 

4347.4616 
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TABLE 2 OF ClBCLEfiKContlnoed). 


Diameters In nnits and tenths. 


IHe. 

Cireamf. 

Ares. 

Dla. 

Circumf, 

Ares. 

Dis. 

Cireamf. 

Ares. 

74.5 

234.0487 

4.359.1562 

80.7 

263.5265 

5114.8977 

80.9 

273.0044 

5931.0206 

.6 

231.;V)28 

4370.8664 

.8 

253.8407 


87.0 

273.:^186 

5944.6787 

.7 

234 0770 

4:182.5924 

.9 

254.1548 

IBncfiyiitRi 

.1 

273.6:127 

5958.3625 

.8 

234.9011 

4394.3311 

81.0 

254 4690 


.2 

273.9469 

5972 0420 

.9 

2a3.3053 

4406.0916 

.1 

254.7832 

5165.7287 

.3 

274.2610 

6985.7472 

76.0 

235.6194 

4417.8647 

.2 


5178.4767 

.4 

274.5752 

5999.4681 

.1 

235.0336 

4429.6535 

.3 


5191.2384 

^5 

274.8894 

601:3.2047 

.2 

2.36.2178 

4441.4580 

.4 


5201.0168 

.6 

275.2035 

6026 9570 


236.5619 

4453.2783 

.5 

256.0398 

6216.8110 

.7 

275.5177 

6040.7250 

A 

236.8761 

4465.1142 

.6 

256.3540 

52296208 

.8 

275.8318 

6054.5088 

Jb 

237.1902 

4476.9659 

.7 

256.6681 

5242.4463 

.9 

276.1460 

6068.3082 

.6 

237.5044 

4488.8332 

.8 

256.9823 

5255.2876 

88.0 

276.4602 

6082 1234 

.7 

237.8186 

4ri00.7163 

.9 

257.2964 

5268.1446 

.1 

276.7743 

6095.9542 


238.1327 

4512.6151 

82.0 

257.6106 

5281.0173 

.2 

277.08^5 

6109 8008 

.9 

238.4469 

4524.5296 

.1 

257.9248 

5293.9056 

.3 

277.4026 

6123.6631 

76.0 

238.7610 

4536.4598 

.2 

258 2:}89 

5306 8097 

.4 

277.7168 

6137.5411 

J 

239.0752 

4548.4057 

.3 

258.5531 

5319.7295 

.5 

278.0309 

6151.4848 


239.3894 

4560.3673 

.4 

258.8672 

5332.6650 

.6 

278.3451 

6ia5.3442 

.3 

239.7035 

4572.3446 

.6 

259.1814 

6345.6162 

.7 

278 8593 

6179.2693 

A 

240.0177 

4581.3377 

.6 

259.49.% 

5358,5832 

.8 

278.97:34 

619:3 2101 

Jb 

240.a318 

4596.3464 

.7 

2598097 

5371.5658 

.9 

279.2S76 

6207.1666 

.6 

240 6460 

4608.3708 

.8 

260.1239 

5384.5641 

89.0 

279 6017 

6221.1389 

.7 

240.9602 

4620.4110 

.9 

260.4.380 

6397,5782 

.1 

2799159 

62:35.1268 

.8 

241.2743 

4632,4669 

88.0 

260.7522 

54106079 

.2 

280 2301 

6249.1304 

.9 

241.5885 

4644,5384 

.1 

261.066:3 

5123.65.34 

.3 

280.M42 

6263.1498 

37.0 

241.9026 

4656.6257 

.2 

261,3805 

54367146 

.4 

280.8584 

6277.1849 

.1 

242.2168 

4668.7287 

.3 

261.6947 

5449.7915 

j) 

281.1725 

6291 2356 


242.5310 

4680.8474 

.4 

262.0088 

5402.8840 

.6 

281.4867 

6305.8021 

.8 

242.8151 

4692.9818 

.5 

262.3230 

5475.9923 

J 

281.8009 

6319 3843 

.4 

243.1593 

4705.1819 

.6 

262.6371 


.8 

282.1150 

6333.4822 

Si 

243.4734 

4717.2977 

.7 

262.9f)13 


,9 

282.4292 

6:347.6968 

.6 

243.7876 

4729.4792 

.8 

263.2655 


90.0 

282.74:33 

6361.7261 

.7 

244.1017 

4741.6765 

.9 

263.5796 


.1 

283.0575 

6,375.8701 

.8 

244.4159 

4753.8894 

84.0 

263.8938 

6541.7694 

.2 

283.3717 

6390.0809 

.9 

244.7301 

4766.1181 

.1 

264.2079 

5554.9720 

.3 

283.6858 

6404.2073 

18.0 

245.0442 

4778.3624 

.2 


6568.1902 

.4 

284.0000 

6418..3995 

.1 

245.8584 

4790.6225 

.3 


5581.4242 

.5 

284.3141 

6432.6078 


246.6725 

4802.8983 

.4 

265.1504 


.6 

284.6283 

6446.8309 


245.9867 

4815.1897 

.5 

265.4646 


.7 

284.9425 

6461.0701 

.4 

246.3009 

4827.4969 

.6 

265.7787 


.8 

285.2566 

6475.3251 

.6 

246.6150 

4839.8198 

.7 



.9 

285.5708 

6489.5968 

.6 

246.9292 

4852.1584 

.8 



91.0 

285.8849 

6603.8822 

.7 

247.2433 

4864.6128 

.9 

266.7212 

6661.1578 

.1 

286.1991 

6518.1843 

.8 

247.5575 

4876.3828 

85.0 

267 0354 

5674.5017 

.2 

286.5133 

65:32.6021 

S 

247.8717 

4889.2685 

.1 

267 3495 

5687.8614 

.3 

286.8274 

6546.8356 

79.0 

248.1858 

4901.6699 

.2 

267 6637 

6701.2367 

.4 

287.1416 

6561.1848 

a 

248.5000 

4914.0871 

.8 

267 9779 

6714.6277 

.6 

287.4557 

6575.5498 

.2 

248.8141 

4926.5199 

,4 

268.2920 

6728.0345 

.6 

287.7699 

6.589.9804 

.3 

249.1283 

4988.9685 

,5 

268.6062 

6741.4669 

.7 

288.0840 

6604.3268 

.4 

1 249.4425 

4951.4328 

.6 

268.9203 


.8 

288.3982 

6618.7888 

.5 

249.7566 

4963.9127 

.7 

269.2345 


.9 

288,7124 

6633.1666 

.6 

250.0708 

4976.4084 

.8 

269.5486 

5781.8185 

02.0 

289.0265 

6647.6101 

.7 

250.3849 

4988.9198 

.9 

269.8628 

6795..3038 

,1 

289.:3407 

6662.0692 

.8 

I 250.6991 

5001.4469 

86.0 



.2 

289.6548 

6676.6441 

.9 

1 251.0138 

6013.9897 

.1 

■TftifTrftB 


.3 

289.9690 

6691.0347 

86.0 

251.8274 

6026.5482 

.2 


6835.8539 

.4 

290.2832 

6705.6410 

.1 

1 251.6416 

5039.1225 

.8 

271.1194 

6849.4020 

.6 

290.6973 

6720.0680 


251.9557 

6051.7124 


271.43.36 

6862.9659 

.6 

290.9115 

6734.6008 

A 

252.2699 

6064.8180 

.6 

271.7478 

6876.5454 

.7 

291.2256 

6749.1542 

.4 

i 252^840 


.6 


5890.1407 

.8 

291.5398 

6763.7288 


1 252.8982 

6089.6764 

.7 

272.3761 

5903.7516 

.9 

291.8640 

6778.8082 

A 

258.2124 

5102.2292 

A 


5917.8788 

98.0 

292.1681 

1 6792.9082 
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TABLE a OF CIRCLES-KOontIntied). 

DIameterti In nnita and tenths. 
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wMhwJi 
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Area. 

hia. 

Cireumf. 

Area. 

71tf3.0276 

97.8 

807.2478 

7512.2078 


.9 

307.5619 

7527.5780 

riiv<XIIt V 

98.0 

807.8761 

7542.9640 

rKi|:in li 

.1 

308.1902 

7558.8656 

vi^iSK V 

.2 

8)8.5044 

7673.7880 


.3 

308.8186 

7589.2161 


.4 

309.1827 

7604.6648 


.5 

309.4469 

7620.1298 

rJilM oiM 

.6 

809.7610 

7635.6095 


.7 

310.0752 

7651.1064 


.8 

810.3894 

7666.6170 

mm 

.9 

310.7035 

7682.1444 


99.0 

311.0177 

7697.6874 

irnmn 

.1 

811.3318 

7713.2461 

iziijmi 

.2 

311.6460 

7728.8206 

7389.8113 

.3 

311.9602 

7744.4107 

7405.0559 

.4 

312.2743 

7760.0166 


.5 

312.5885 

7'775.6882 

BlM 

.6 

312.9026 

7791.2764 

7450.8839 

.7 

813.2168 

7806.9284 

wimmi 

.8 

313.5309 

7822.5971 

7481.5144 

.9 

313.8451 

7838.2815 

7496.8532 

100.0 

814.1593 

7858.9816 


Clrcamferences when the diameter has more than one 
place of decimals. 


Diam 

Clrc. 

Diam. 

Clrc. 

Diam. 

Clrc. 

' Diam. 

Giro. 

Diam. 

Circ. 

.1 

.814159 

.01 

.031416 

.001 

.003142 

.0001 

.000314 

.00001 

.000031 

.2 

.628319 

.02 

.062832 

.002 

.006283 

.0002 

.000628 

.00002 

.000063 

.3 

.942478 

.03 

.094248 

.003 

.009425 

.0003 

.000942 

.00003 

.000094 

.4 

1.256637 

.04 

.125664 

.004 

.012.566 

.0004 

.0012.57 

.00004 

.000126 

.6 

1 570796 

,05 

.157080 

.005 

.01.5708 

.0005 

.001571 

.00005 

.000157 

.6 

1.8849.56 

.06 

.188496 

.006 

.018850 

.0006 

.001885 

.00006 

.000188 

.7 

2.199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

.00007 

.000220 

.8 

2 51.3274 

,08 

.251.327 

.008 

.025133 

.0008 

.002513 

.00008 

.000251 

.9 

2.827433 

.09 

.28274.3 

.009 

.028274 

.0009 

.002827 

.00009 

.000388 


Examples. 


Diameter « 

3.12699 


1 Circumfce — 

9.823729 

Circumference 

8am of 

Diameter »• 

Sum of 

Oirc for dia of 

M 

s 

« 

3.1 

.02 

.006 

jOOOO 

jooooo 

« 9.738937 
» .062832 
» .018850 
-» .002827 
-i .000283 
0.823729 

Dla for circ of 

M 

M 

M 

9.738937 - 3.1 
.084792 

.062832 n .02 
.021960 

.018850 » .006 
.003110 

.002827 -» .0009 
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TABLE 8 OF CIBCLES. 


DlaiBB In nnfto and twelfths s as in feet and inches. 


Dla. 

Circumf. 

Area. 

Dia. 

Circamf. 

Area* 

DIa. 

Circamf. 

Area. 

PUn 

Feet. 

Sq. ft. 

FUn. 

Feet. 

Sq.ft, 

Ft In. 

Feet. 

Sq. ft. 




o 

0 

15.70796 

19.63495 

10 0 

31.41593 

78..53982 

Q 1 

.261799 

.005454 


1 

15.96976 

20.29491 

1 

31.67773 

79.8f427 

2 

.523599 

.021817 


2 

16.23156 

20.96,577 

2 

81.93953 

81.17963 

S 

.785398 

.049087 


3 

16.49336 

21.64754 

3 

32 20132 

82 51.589 

4 

1.047198 

.087266 


4 

16.71)516 

22.34021 

* 4 

3*2.46312 

83.86.307 

5 

1.308997 

.136354 


5 

17.01696 

23.04380 

5 

32.72492 

35.22115 

6 

1.570796 

.1<)6350 


6 

17.27876 

23.75829 

6 

82.98672 

86..59015 

7 

1.832596 

.267254 


7 

17.540.56 

21 48370 

7 

33.248.52 

87.97005 

8 

2 094395 

.349066 


8 

17.80236 

25.22001 

8 

33..510:32 

89.36086 

9 

2.356195 

•441786 


9 

18.06416 

25.967-23 

9 

:33.77212 

90.76258 

10 

2.617994 

.545415 


10 

18.325% 

26 7'2.);15 

10 

34 0:3.392 

92.17520 

11 

2.879793 

.a59953 


11 

18.68776 

27.494:19 

11 

34.29572 

93..59874 

1 0 

3.14159 

.785398 

6 

0 

18.84ft56 

•28.‘2743;l 

11 0 

:31..557,52 

95.0:1318 

1 

3.40339 

.921752 


1 

19.111% 

29.06519 

1 

34 81932 

96.478.53 

2 

3.66519 

1.06901 


2 

19.37315 

29 8669,5 

2 

35.08112 

97.93479 

3 

3.92699 

1.22718 


3 

19.63495 

30 67962 

3 

:35.:W292 

99 40196 

4 

4.18879 

l.:i96‘26 


4 

19.8%75 

31.50.119 

4 

35.60472 

100.8800 

5 

4.45059 

1.57625 


5 

20.1,5855 

32.33768 

5 

35 86652 

102 :1690 

6 

4.71239 

1.76715 


6 

20.421>:i5 

33.183(/7 

6 

36.12832 

103.8C.89 

7 

4.97419 

1.9689.5 


7 

20.68215 

34.03937 

7 

36.:^9011 

10.5.3797 

8 

6.23599 

2.18166 


8 

20.94395 

34.906.59 

8 

36.65191 

106.9014 

9 

6.49779 

2.40f)28 


9 

21.20575 

35 78470 

9 

:%.9I371 

108.4340 

10 

6.76959 

2.63981 


10 

21.46755 

3667,173 

10 

37.17.551 

109.9776 

11 

6 02139 

2.88.5*25 


11 

21.7293.) 

87..57367 

11 

37.43731 

111. .5:120 

2 0 

6.28319 

3 14159 

7 

0 

21,99115 

38.48451 

12 0 

37 6‘)!>11 

113 0973 

1 

6.54498 

3.40885 


1 

22.25295 

.39.40626 

1 

37.96091 

114 6736 

2 

6.80678 

3 68701 


2 

22.51475 

40.33892 

2 

38 2*2271 

116 2607 

3 

7.06858 

3.97608 


3 

22.77655 

41.28249 

3 

38 484.51 

1I7 8.’’)H8 

4 

TMm 

4,276(h5 


4 

23.03835 

42.23697 

4 

38 716:11 

119 4678 

5 

7.59218 

4.58694 


5 

23.30015 

43.20235 

5 

:39 00811 

121 0877 

6 

7.85398 

4.90871 


6 

23.56194 ' 

44.17865 

-6 

.39.26991 

122.7185 

7 

8.11578 

5.24144 


7 

23.82:174 

45.16585 

7 

39.5:1171 

124.3602 

8 

8.37758 

5.-58505 


8 

24.08554 ' 

46.16396 

8 

39 79:351 

; 126.0128 

9 

8.63938 

5.939.57 


9 

24:14734 

47.17298 

9 

40.0:5.531 

127 6763 

10 

8.90118 

6.3a500 


10 

24.60914 

48.19290 

10 

40.31711 

129 3507 

11 

9.16298 

6.68134 


11 

24.870iM 

49.22374 

11 

40.57891 

131.0360 

K 0 

9.42478 

7.068*8 

8 

0 

25.13274 

,50.26.548 

18 0 

40.84070 

132.7323 

1 

9.68658 

7.46674 


1 

25.39454 

51.31813 

1 

41.10250 

1.34.4394 

2 

9.94838 

7.87.580 


2 

25.656:14 

52.38169 

2 

, 41.364:10 

136 1575 

3 

10.2^018 

8.29577 


3 

25.91814 

53 4.5616 

1 3 

41.62610 

137.8866 

4 

10.47198 

8.72665 


4 

26.17994 

54.54154 

1 4 

41.88790 

1:19.6*263 

5 

10,73377 

9.16843 


5 

26.44174 

6563782 

5 

42.14970 

141.3771 

6 

10.99567 

9.62113 


6 

26.703.54 

56.74.502 

6 

i 424li:)0 

143.1388 

7 

11.25737 

10 08473 


7 

26.96.534 

57.86812 

7 

42.67:130 

144.9114 

8 

11.51917 

10.55924 


8 

27.22714 

.58.99213 

8 

42.93510 

146.6949 

9 

11,78097 

11.04466 


9 

27.48894 

60.13205 

9 

43.19690 

148.4893 

10 

12.04277 

11.54099 


10 

27.75074 

61.28287 

10 

1 43.45870 

150.2947 

11 

12.30457 

12.04823 


11 

28.01253 

62.44461 

11 

43.72050 

162.1109 

4 0 

12.56687 

12..56687 

9 

0 

28.27433 

63.61725 

14 0 

, 43.98230 

153.9380 

1 

12.82817 

1309542 


1 

28.53613 

64,80080 

1 

44.24410 

I 155.7761 

2 

13.08997 

13.68538 


2 

28.79798 

65.99526 

2 

44.50590 

167.6260 

8 

13.35177 

14.18625 


8 

29 05973 

07.20063 

8 

44.76770 

159.4849 

4 

1861357 

14 74803 


4 

29.32153 

68.41691 

4 

45.02949 

161.3557 

6 

18.87537 

15.32072 


5 

29.58333 

69.64409 

6 

45.29129 

163.2874 

6 

14.13717 

15.90431 


6 

29.84513 

70.88218 

6 

45.65.309 

165.13()Q 

7 

14.39897 

16.49882 


7 

30.10693 

72.13119 

7 

45.81489 

167.0335 

8 

14.66077 

17.10423 


8 

30.36873 

73.89110 

8 

46.07669 

168.9479 

9 

14.92257 

17.720.55 


9 

80,63053 i 

74.66191 

9 

46.83849 

170,8732 

10 

15.18486 

18.34777 


10 

30.80238 i 

75.94864 

10 

46.60029 

172.8094 

U 

15.44616 

18.98501 


11 

81.15418 j 

772SJ627 

n 

46.86209 

174.7506 


CIBCLEB. 
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TABLE 8 OF CI]l€LES-(GoDtinued). 

Biams in uults and twelfthst In feet and tnetaea. 


DU. Cireumf. 

Ft.Iii F«‘et, 

15 0 47.12389 1 

1 Al.m&i 1 

2 47 64749 1 

3 47.90929 1 

4 48.17109 1 

6 48.43289 1 

6 48 69469 1 

7 48 95649 J 

8 49 21828 1 

9 49.48008 'i 

10 49.74188 ] 

11 50.00368 ] 

18 0 50.26M8 

1 f)0.52728 

2 50.78908 

3 51.ft5088 

4 51.31268 

5 51.57448 

6 51.83628 

7 62.09808 

8 52..35988 

9 52.62168 

10 52.88348 

11 58.14528 

17 0 63.40708 

1 58.66887 

2 53.93067 
8 54.19247 
4 54.45427 
6 54.71607 

6 64.97787 

7 55.23967 

8 55.50147 

9 55.76327 

10 56.02507 

11 56 28687 

18 0 56.54867 

1 56.81047 I 

2 57.07227 1 
8 57.33407 
4 67.59687 
6 57.85766 

6 68.11946 

7 68.38126 

8 58.64306 

9 58.90486 

10 59.16666 

11 59.42846 [ 

19 0 59.69026 i 

1 59.95206 

2 60.21386 

8 60.47566 
4 60.78746 

6 60.99926 
6 61.26106 

7 61.52286 
6 61.78466 , 

9 62.04645 | 

10 62.30825 
n 62.57005 1 


Cireumf. 

Area. 

Dla. 

Cireumf. 

Area. 

Feet. 

Sq. ft. 

FUn. 

Feet. 

Sq. ft. 

62.83185 

314.1,593 

25 0 

78.53982 

490.8739 

63.09365 

816.7827 

1 

78.80162 

494.1518 

63.35545 

319.4171 

2 

79.06:142 

497.4407 

63.61725 

322.0623 

3 

79.32521 

500.7404 

63.87905 

324.7185 

4 

79.58701 

504.a511 

64.14085 

327.38r>6 

5 

79.84881 

507 3727 

64.40265 

330.0636 

6 

80.11061 

510.7052 

64.66445 

332.7525 

7 

80.37241 

514.0486 

64.92625 

335.4.523 

8 

80.63421 

517.4029 

65.18805 

338.1630 

9 

80.89601 

520.7681 

65.44985 

340,8846 

10 

81.15781 

524.1442 

65.71165 

34 : 1.6172 

11 

81.41961 

527.5312 

65.97345 

346.3606 

26 0 

81.68141 

530.9292 

66.23525 

349 1149 

1 

81.94321 

534.3380 

66.49704 

351.8802 

2 

82.20501 

537,7578 

66.75884 

354 65f»4 

3 

82.46681 

541.1884 

67.02064 

357.4434 

4 

82.72861 

544.6300 

67.28244 

■ :160.2414 

6 

82.99041 

548.0825 

67.54424 

i 86:10503 

6 

83.26221 

551.5459 


7 67.80604 • 365 8701 

8 I 68.06784 : 368.7008 

9 i 68.32964 ! 371.5424 

10 ; 68.59144 374.3949 

11 I 68 85324 377.2f.84 

22 0 ; 69 11504 , 380.1327 

1 69 37684 i 38:1.0180 

2 69 63864 • 385 9141 

3 69.90044 1 388.8212 

4 70.16224 1 391.7:S92 
6 70.42404 : 394.6680 

6 70 68583 397.6078 

7 70.91763 ! 400.5585 

8 71.20943 ! 403.5201 

9 71.47123 ; 4064926 

10 71.73303 409.4761 

11 71.9948:1 412.4704 
28 0 i 72 25663 415.4756 

1 ; 72.51843 418.4918 

2 ' 72.78023 421.5188 
8 ; 73.04203 , 424.5r.68 

4 i 73.30383 ' 427.60.57 

5 78.56563 1 430 6654 

6 73.82743 i 438.7361 

7 74.08923 1 436.8177 

8 74.35103' 439.9102 

9 74.61283 1 4430137 

10 74.87462 ' 446.1280 

11 76.13642 449 . 25:12 
24 0 75.39822 452.3893 

1 75.66002 ' 4.55.5364 

2 75.92182 I 458.6i)43 

8 76.18362 461 8632 
4 76.44.542 465.04:10 
6 76.70722 468.2337 
6 76.96902 471.4352 

I 7 77.23082 474.6477 

f 8 77.49262 477.8711 

9 1 77.75442 481.1065 

10 78.01622 484.3507 

11 78.27802 487.6068 


7 83.51400 

8 1 83.77580 

9 i 84.03760 

10 I 84 29940 

11 I 84 56120 

27 0 ! 84 82300 

1 I 85.08480 

2 85,:14660 

3 85.60810 

4 8.5.87020 

5 86.13200 

6 86 39380 

7 86.65560 

8 86 91740 

9 87.17920 

10 87.44100 

11 87.70279 

28 0 87.96459 

1 88.22639 

2 88.48819 
8 ’ 88.74999 

4 I 89.01179 

5 ! 89.27:159 

6 I 89.53539 

7 : 89.79719 

8 90.05899 

9 90.:J2079 

10 90.58259 

11 90.844:19 

20 0 91.10619 

1 91.86799 

2 01.62979 
8 91.89159 
4 92.15388 

6 92 41518' 
.6 92.67698 

7 92.93878 

8 93.20058 

9 9346288 

10 93.72418 

11 98.98598 


555.0202 

568.5054 

562.0015 

565.5085 

569.0264 

572.6558 

576.0950 

679.6457 

583.2072 

586.7797 

590.3631 

593.9574 

597.5626 ' 

601.1787 

604.8057 

608.4486 

612.0924 

615.7622 

619.4228 
623.1044 
626.7968 
6305002 
634.2145 
6:17.9397 
641.6758 

645.4228 
649.1807 
652.9495 
656.7292 
660.5199 
664.3214 
668.1339 
671.9572 
676.7916 
679.636? 
683.4928 
687.8597 
691.2377 
695.1265 
699.0262 
702.9868 
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TABLE S CF ClR€LES-(Oontiotie«). 


Dlamo In units and twelftbs} as in feet and Inehes. 


ma. 

Circnmf. 

Area. 

Dia. 

Circumf. 

Area. 

Dia. 

Clrcamf. 

Area. 

ft. In, 

Feet. 

8q. ft. 

Ft.In. 

Feet. 

Sq. ft. 

FtJn. 

Feet. 

Sq. ft. ' 

80 0 

94.24778 

706.8583 

86 0 

109.9557 

962.1128 

40 0 

125.6637 

1256.3371 

1 

94.50958 

710.7908 

1 

110.217.5 

966.6997 

1 

125.9255 

1261.8785 

2 

94.77138 

714.7341 

2 

110.4793 

971.2975 

2 

126.1873 

1267.1309 

3 

95.03318 

718.6884 

3 

110.7411 

975.9063 

.3 

126.4491 

1272.:5941 

4 

95 25)498 

722.6536 

4 

111.0029 

980.5260 

' 4 

126.7J09 

1277.6683 

5 

95.55678 

726.6297 

5 

111.2647 

985.3.566 

6 

126.9727 

1282.9534 

6 

95.81858 

730.6166 

6 

111.5265 

989.7980 

6 

127.2345 

1288.2493 

7 

96.08038 

734.6145 

7 

111.7883 

994.4504 

7 

127.4963 

1293.6562 

8 

96.34217 

738.6233 

8 

112.0501 

999.1137 

8 

127.7581 

1298.8740 

9 

96.60397 

742.6431 

9 

112.3119 

1003.7879 

9 

128.0199 

1304.2027 

10 

96.86577 

746.6737 

10 

112.5737 

1008.4731 

10 

128 2817 

1309.6424 

11 

97.12757 

750.7152 

11 

112.8355 

1013.1691 

11 

128.5435 

1314.8929 

81 0 

97.38937 

754.7676 

86 0 

113.0973 

1017.8760 

41 0 

128.8053 

1320.2543 

1 

97.65117 

7.58.8310 

1 

Il3.a591 

1022.6939 

1 

129.0671 

1:425.6267 

2 

97.91297 

762.9052 

2 

113.6209 

1027.3226 

2 

129.3289 

1331.0099 

8 

98.17477 

766.9904 

3 

113.8827 

1032.0623 

3 

129 5907 

1336.4041 

4 

98.4:^657 

771.0865 

4 

114.1445 

1036.8128 

4 

129.8525 

1341 8091 

5 

98.69837 

775.1934 

5 

114.4063 

1041.6743 

5 

m.im 

1347.225J 

6 

98.96017 

779.3113 

6 

114.6681 

1046.3467 

6 

130.3761 

1352.6525 

7 

99.22197 

783.4401 

7 

114.9299 

1051.1300 

7 

1:30.6379 

l;{58.0898 

8 

99.48377 

787.5798 

8 

11.5.1917 

1055.9242 

8 

130.8997 

1363.5385 

9 

99.74557 

791.7304 

9 

115.4535 

3060.7293 

9 

131.1615 

1368.9981 

10 

100.0074 

795.8920 

10 

115.7153 

1065.5453 

10 

131.4233 

1374.4686 

1] 

100.2692 

800.0644 

11 

115.9771 

3070.8728 

11 

1:51.6851 

1379.9500 

82 0 

100.5310 

804.2477 

S7 0 

116.2389 

3075.2101 

42 0 

131.9469 

1385.4424 

1 

100.7928 

808.4420 

1 

116..5007 j 

1080.0588 

1 

13222087 

1390.9456 

2 

101.0546 

812.6471 

2 

116.7625 

1084.9185 

2 

132.4705 

1:496.4598 

3 

101.3164 

816.8632 

3 

117.0243 

1089.7890 


132.7323 

1401.9848 

4 

101.6782 

821.0901 

4 

117.2861 

1094.6705 

4 

132.9941 

1407.5208 

6 

101.8400 

825.3280 

5 

117.5479 

1099.6629 

5 

1.33.2559 

1413.0676 

6 

102.1018 

829.5768 

6 

117.8097 

3104.4662 

6 

133.5177 

1418.6254 

7 

102.8636 

838.8365 

7 

118.0715 

3109.8804 

7 

133.7795 

1424.1941 

8 

102.6254 

838.1071 

8 

118.3333 

1114.3055 

8 

134.0413 

1429.7737 

9 

102.8872 

842.3886 

9 

118.5951 

1119.2415 

9 

134.8031 

1435.3642 

10 

103.1490 

846.6810 

10 

318.8569 

1124.1884 

10 

134.6649 

1440.9656 

11 

103.4108 

850.9844 

11 

119.1187 

1129.1462 

11 

134.8267 

1446.6780 

88 0 

103.6726 

855.2986 

88 0 

119.3805 

11^.1149 

48 0 

135.0885 

1452.2012 

1 

103.9344 

859.6237 

1 

119.6423 

1139.0946 

1 

135.3503 

1457.8853 

2 

104.1962 

8G3.9598 

! 2 

119.9041 

1144.0651 

2 

135.6121 

1463.4804 

S 

104.4580 

868.3068 

8 

120.1659 

1149.0866 

3 

135.8739 

1469.1364 

4 

104.7198 

872.6646 

4 

120.4277 

1154.0990 

4 

136.13.57 

1474.8032 

5 

104.9816 

877.0334 

5 

120.6895 

1159.1222 

5 

136.3975 

1480.4810 

6 

105.2434 

881.4181 

6 

120.9513 

1164.1564 

6 

136.6593 

1486.1697 

7 

105.5052 

885.8037 

7 

121.213J 

1169.2015 

7 

136.9211 

1491.8693 

8 

105.7670 

890.2052 

8 

121.4749 

1174.2576 

8 

137.1829 

1497.5798 

9 

106.0288 

894,6176 

9 

121.7367 

1179.3244 

9 

137.4447 

1503,8012 

10 

106.2906 

8990409 

10 

121.9985 

11814022 

10 

137.7065 

1609.0335 

11 

106.6524 

903.4751 

11 

122.2603 

1189.4910 

11 

137.9683 

1514.7767 

84 0 

1068142 

907.9203 

89 0 

122.5221 

1194.5906 

44 0 

138.2301 

1520.5308 

1 

107.0759 

912.3763 

1 

122.7839 

1199.7011 

1 

138.4919 

1526.2959 

2 

107.3377 

916.8433 

2 

123.0457 

1204.8226 

2 

138.7537 

1532.0718 

S 

107.5995 

921.3211 

8 

123.3075 

1209.9550 

3 

139.0165 

1537.8587 

4 

107.8613 

925.8099 

4 

323..5693 

1215.0982 

4 

139.2773 

1543.6565 

5 

108.1231 

9.30.3096 

6 

123.8311 

1220.2524 

5 

139.6391 

1549.4661 

6 

108.3849 

934.8202 

6 

124.0929 

1225.4175 

6 

189.8009 

15,55.2847 

7 

108.6467 

939,8417 

7 

124.3547 

1230..593.5 

7 

140.0627 

1561.1152 

8 

108.9086 

943.8741 

8 

124.6165 

12:16.7804 

8 

140..3245 

1666.9566 

9 

109.1708 

948.4174 

9 

124.8783 

1240.9782 

9 

140.6863 

1572.8089 

10 

109.4321 

962.9716 

10 

125.1401 

1246.1869 

10 

140Mil 

1578.6721 

U 

109.6939 

967.6867 

11 

125.4019 

1251.4065 

11 

141.1099 

1584.5462 
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TABLE 3 OF CIBCLES-CContinaed). 

DiamB in units and twelfths; as in feet and inches. 


Dia. 

Circumf. 

Area. 

Dia. 

Circumf. 

Area. 

Dia. 

Circumf. 

Area. 

Ft.In. 

Feet. 

Sq. ft. 

Ft.In. 

Feet 

Sq. ft. 

Ftin. 

Feet. 

Sq. ft. 

45 0 

141.3717 

1590.4313 

50 0 

157.0796 

1963.49,54 

55 0 

172.7876 

2375.8294 

1 

141.6335 

1596.3272 

1 

157.3414 

1970.0458 

1 

173.0494 

2383.0344 

2 

141.8953 

1602.2341 

2 

157.6032 

1976.6072 

2 

173.3112 

2390.2502 

3 

142.1571 

1608.1518 

3 

157.8650 

1983.1794 

3 

173 5730 

2397.4770 

4 

142.4189 

1614.0805 

4 

158.1268 

1989.7626 

4 

173.8348 

2404.7146 

6 

142 6807 

1620.0201 

6 

1,58.3886 

1996.3.567 

5 

174.0966 

2411.9632 

6 

142.9425 

1625.9705 

6 

158.6504 

2002.9617 

6 

174.3584 

2419.2227 

7 

143.204:1 

1631.9319 

7 

158.9122 

2009.5776 

7 

174.6202 

2426.4931 

8 

143.4661 

16:37.9042 

8 

159.1740 

2016.2044 

8 

174 8820 

2433.7744 

9 

14:1.7279 

1643.8874 

9 

159.4358 

2022.8421 

9 

175 14:38 

2441.0666 

10 

143 9897 

1649.8816 

10 

159.6976 

2029.4907 

10 

175 4056 

2448.3697 

11 

144.2615 

16.55 8866 

11 

159.9594 

2036.1502 

11 

175 6674 

24.56.6837 

46 0 

144 5133 

1661.9025 

51 0 

160 2212 

2042.8206 

50 0 

175.9292 

2463 0086 


141.7751 

1667 9294 

1 

160.48:30 

2049.5020 

1 

176.1910 

2470.3446 

2 

145.0369 

167:3.9671 

2 

160.7448 

2056.1942 

2 

176.4528 

2477.6912 

3 

14,5.2987 

1680.01.58 

3 

161.0066 

2062.8974 

3 

176.7146 

2485.0489 

4 

145 .5605 

1686,07.53 

4 

161.2684 

2069.6114 

4 

176.9764 

2492.4174 

5 

14,5.8223 

1692 1458 

5 

161.6302 

2076.:3364 

5 

177.2382 

2499.7969 

6 

146 0841 

1698.2272 

6 

161.7920 

2083.0723 

6 

177..5000 

2607.1873 

7 

146.3459 

1704.3195 

7 

162.0,538 

2089 8191 

7 

177.7618 

2514.5886 

8 

146.6077 

1710.4227 

8 

162.3156 

2096.5768 

8 

178.0236 

2522.0008 

9 

146.8695 

1716 5368 

9 

162 6774 

2103.3454 

9 

178.28,54 

2529.4239 

10 

147.1313 

1722 6618 

10 

162.8392 

2110.1249 

10 

178.5472 

2636.8579 

11 

147.3931 

1728.7977 

11 

163.1010 

2116.9153 

11 

178.8090 

2544.3028 

47 0 

147.6549 

1734.9445 

52 0 

163.3628 

2123.7166 

57 0 

179 0708 

2551.7686 

1 

147.9167 

1741.1023 

1 

163.6246 

2130.5289 

1 

179.3326 

2559.2254 

2 

148.1785 

1747.2709 

2 

163.8864 

2137.3520 

2 

179.5944 

2566.7080 

3 

148.4403 

1753.4505 

3 

164.1482 

2144.1861 

3 

179.8562 

2574.1916 

4 

148.7021 

1759.6410 

4 

164.4100 

2151.0310 

4 

180.1180 

2581.6910 

5 

148.9639 

1765.8423 

5 

164.6718 

2157.8869 

5 

180.3798 

2589.2014 

6 

149.2257 

1772.0,546 

6 

164,9:336 

2164.7537 

6 

180.6416 

2596.7227 

7 

149 4875 

1778.2778 

7 

165.1954 

2171.6314 

7 

180.9034 

2604.2549 

8 

149.7492 

1784.5119 

8 

165.4572 

2178.6200 

8 

181.1652 

2611.7980 

9 

150.0110 

1790.7569 

9 

165.7190 

2185.4195 

9 

181.4270 

2619.3520 

10 

150.2728 

1797.0128 

10 

165.9808 

2192.3299 

10 

181 6888 

2626.9169 

11 

150.5346 

1803.2796 

11 

166.2426 

2199.2512 

11 

181.9506 

2634.4927 

(8 0 

150.7964 

1809.5574 

53 0 

166.5044 

2206.1834 

58 0 

182.2124 

2642.0794 

1 

151.0582 

1815 8460 

1 

166.7662 

2213.1266 

1 

182.4742 

2649.6771 

2 

151.3200 

1822.1456 

2 

167.0280 

2220.0806 

2 

182.7360 

2667.2856 

3 

151.5818 

1828.4560 

3 

167.2898 

2227.0456 

3 

182.9978 

2664.9051 

4 

151.8436 

18:34.7774 

4 

167,5516 

2234.0214 

4 

183.2596 

2672.5364 

5 

152.1054 

1841.1096 

5 

167.8134 

2241.0082 

5 

183.5214 

2680.1767 

6 

152.3672 

1847.4528 

6 

168.0752 

2248.0059 

6 

183.7832 

2687.8289 

7 

152.6290 

1853.8069 

7 

168.3370 

2255.0145 

7 

184.0450 

2695.4920 

8 

152.8908 

1860.1719 

8 

168.5988 

2262.0:340 

8 

184.3068 

2703.1659 

9 

153.1526 

1866 5478 

9 

168 8606 

2269.0644 

9 

184.6686 

2710.8508 

10 

153.4144 

1872.9:346 

10 

169.1224 

2276.1057 

10 

184 8304 

2718.5467 

11 

153.6762 

1879.3,324 

11 

169.3842 

228:3.1579 

11 

185 0922 

2726.2534 

40 0 

163 9.380 

1885.7410 

54 0 

169.6460 

2290 2210 

60 0 

186.3540 

2733.9710 

1 

154.1998 

1892 1605 


169.9078 

2297.2951 

1 

185.6158 

2741.6995 

2 

154.4616 

1898.5910 

2 

170.1696 

2:304 3800 

2 

185.8776 

2749.4390 

3 

1.54.72:34 

1905 . 0 : 32:3 

3 

170.4:314 

2311.47.59 

3 

186.1394 

2757.1893 

4 

154.9852 

1911.4846 

4 

170.6932 

2318.5826 

4 

186.4012 

2764.9506 

6 

155 2470 

1917.9478 

6 

170.9550 

2326.7003 

5 

186.6630 

2772.7228 

6 

166.5088 

1924 4218 

6 

171.2168 

2332 8289 

6 

186.9248 

2780.5058 

7 

165.7706 

1930.9068 

7 

171.4786 

2339.9684 

■7 

187.1866 

2788.2998 

8 

156.0324 

1937.4027 

8 

171.7404 

2347.1188 

8 

187.4484 

2796.1047 

9 

156.2942 

1943.9095 

9 

172.0022 

2354.2801 

9 

187.7102 

2803.9205 

10 

156.5560 

1950.4273 

10 

172.2640 

2361.4523 

10 

187.9720 

2811.7472 

11 

166.8178 

1956.9659 

11 

172.5268 

2368.6354 

11 

188.2338 

2819.5849 
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TABLE 3 OP CIRCLES-CContlnoed). 


Dlams in unite and twelflhii; as in feet and inches. 


Dia. 

Oircuinf. 

Area. 

Dia. 

C:ircumf. 

Area. 

Dia. 

Cirrumf. 

Area. 

rt.iii. 

Feet. 

8q. ft. 

Ft,In, 

, Feet. 

Sq.ft. 

Ft.ln. 

Feet. 

Sq. ft. 

60 0 

188.4956 

2827.4334 

65 0 

201.2035 

3318.3072 

70 0 

219 9115 

:-?848 4510 

1 

188.7574 

2835.2928 

1 

201.46.53 

3326.8212 

1 

220.1733 

3857.6194 

2 

189 0192 

2813.1632 

2 

2(M.7271 

3:i:l5.3460 

2 

220.43.51 


3 

189.2810 

2851.0414 

3 

2049889 

3:W3.8818 

8 

220 6969 

3X75.9890 

4 

189.5428 

2858 9366 

4 

205.2507 

3352.4284 

* 4 

220.9587 

.m5.1902 

5 

189.8046 

2866 8397 

5 

205.5125 

:{360.98(K) 

5 

221.2205 

3894.4022 

6 

190.0664 

2874 7536 

6 

205.7743 

3.369.5545 i 

6 

221.482:? 

:?!)03.6252 

7 

190.3282 

2882.6785 

7 

206.0361 

3378.i:«9 

7 

221 7441 

3912.8591 

8 

190.5900 

2890.6143 

8 

206.2979 

3386.7241 

8 

2-22.0059 

3922.1039 

d 

190 8518 

2898.6610 

9 

206.6597 

339.5.325:? 

!) 

222.2677 

3931.3596 

10 

191.1136 

2906.5186 

10 

206 8215 

340;?.9375 

10 

222 52i)5 

3940.62(2 

11 

191.3754 

2914.4871 

11 

207.0833 

3412.5605 

11 

i 222 7913 

8949 !K)31 

•1 0 

191.6.372 

2922.4666 

66 0 

207 3451 

8421.1944 

71 0 

223.0531 

3959 1 921 

1 

191.8990 

2930 4569 

1 

207 6069 

8429.8392 

1 

1 223.3149 

3968 4915 

2 

192.1608 

2938.4581 

2 

207.8687 

3438.4950 

2 

223 5767 

3977.8017 

8 

192.4226 

2946.4703 

3 

208.1305 

3447.1616 

3 

1 223 8385 

3987.1229 

4 

192.6843 

2954.49:14 

4 

208.3923 

3455.8392 

4 

I 224.1003 

3996.4549 

5 

192.9461 

2962.5278 

5 

208.6541 

3464.5277 

5 

1 224.;?621 

4:X)5.7979 

G 

193.2079 

2970 5722 

6 

208.9159 

3478.2270 

6 

1 224.62;i9 

4015.1518 

7 

193.4697 

2978.6280 

7 

fi09.1777 

3481.9:373 

7 

224.8857 

4024.5165 

8 

193.7315 

2986.6947 

8 

209.4395 

3490.6585 

8 

1 225.1476 

4033.8922 

9 

193,9933 

2994.7723 

9 

209.7013 

3499.:3906 

9 

1 225.4093 

4043.2788 

10 

194.2551 

3002.8608 

10 

209.9631 

3508.1:336 

10 

225.6711 

4052.6763 

11 

194,5169 

3010,9602 

11 

210,2249 

3516.8875 

11 

! 225 9329 

4062.0848 

62 0 

m.7787 

8019.0705 , 

67 0 

210.4867 

3525.6524 

72 0 

! 226.1947 

4071.6041 

1 

195.0405 

3027.19181 

1 

210.7485 

3534.4281 

1 

226.4565 

4080.9343 

2 

195.:j023 

3035.3239 

2 

211.0103 

35432147 

2 

! 226.7183 

4090.87.56 

3 

195.5011 

3043.4670 

8 

211.2721 

8552.0123 

8 

226.9801 

4099 8275 

4 

195.8259 

3051.620!) 

4| 

211.5339 

3560.8207 

4 

■ 227.2419 

4109.2906 

5 

196.0877 

3059.7858 

5 

211 7957 

3569.6401 

6 

1 227.W37 

4118.7648 

6 

196.3495 

3067 9616 

6 

212.0575 

3578.4704 

6j 

' 227.7655 

4128 2491 

7 

196.6113 

3076.1483 

7 

212 :tl98 

3587.3116 

7 

228 0273 

4137.7448 

8 

196.8731 

3084.8459 

8 

212.5811 

3596.1637 

8 

228.2891 

4147.2514 

9 

197.1349 

3092.5544 

9 

212.8429 

3605.0267 

9 

2285609 

41.^)6.7689 

10 

197.3967 

3100.7738 

10 

213.1047 

3613.9006 

10 

228 8127 

4166 2973 

11 

i 197.6585 

3109.0041 

11 

213.3665 

8622.7854 

n 

2290745 

4175.8366 

B8 9 

197.9203 

3117.2458 

68 0 

213.6288 

8631.6811 

78 0 > 

229.3363 

4185.3868 

1 

198.1821 

3125.4974 

1 

213.8901 

3640.5877 

1 ! 

229.5981 

419-1.9479 

2 

198,4439 

3133.7605 

2 

214.1519 

8649.5053 

2 

229 8f)99 

4204.5200 

3 

198.7057 

3142.0344 

3 

214.4137 

3658.4337 

8 

230.1217 

4214 1029 

4 

198.9675 

3150.3193 

4 

214.6755 

3667 3731 

41 

230.3836 

4223.6968 

5 

199.2293 

3158.6151 

5 

214 9373 

3676.3234 

5! 

280.6453 

4233.3016 

6 

199.4911 

3166.9217 

6 

215.1991 

3685.2845 

6 ! 

230.9071 

4242.9172 

7 

199.7529 

3175.2393 

7 

215.4609 

3694 2566 


231.1689 

4252.5438 

8 

200.0147 

3183.5678 

8 

, 215.7227 

8703.2396 

8 I 

231.4307 

4262.1813 

9 

200.2765 

3191.9072 

9 

1 215.9845 

3712.2335 

9 

231.6925 

4271.8297 

10 

200.r)383 

3200.2575 

10 

' 216.2463 

3721.2388 

10 

231.9543 

4281.4890 

11 

200.8001 

3208.6188 

11 

2165081 

3730.2540 

11 

232.2161 

4291.1592 

U 0 

201,0619 

3216.9909 

69 0 

216.7699 

3739.2807 

74 p 

232.4779 

4800.8403 

1 

201.3237 

3225.3739 

1 

217.0317 

37483182 

1 

232.7397 

4310.5824 

2 

201,5855 

3233.7679 

2 

217.2935 

3757.3666 

2 

233.0015 

4320.2353 

8 

201.8473 

8242.1727 

i 8 

217.5558 

3766.4260 

3 

233.2633 

4329.9492 

4 

202.1091 

3250.5885 

1 4 

217.8171 

3775.4962 

1 4 

233.5251 

1 4839.6789 

6 

202.3709 

8259.0151 

6 

218.0789 

37845774 

1 6 

233.7869 

4349.4096 

6 

202 6327 

8267.4527 

6 

218.3407 

3793.6695 

6 

234.0487 

4a59.1662 

7 

202,8945 

3275,9012 

7 

218.6025 

3802.7720 

7 

234.3106 

4368,9186 

8 

203.1563 

3284.3606 

8 

218.8643 

3811.8864 

8 

234.5728 

4378.6820 

9 

203 4181 

3292.8309 

9 

219.1261 

8821.0112 

9 

234.8341 

4888.4613 

10 

203.6799 

3301.3121 

10 

219.3879 

8880.1469 

10 

236.0959 

4398.2615 

11 

2039417 

3309.8042 

11 

219.6497 

8839.2985 

11 

235,8576 

4408.0526 
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TABLE 3 OF CIRCLES-^ContiDned). 

Blams In units and twelfths} as In feet and Inches. 


via. Cirenmf. Area. 

Fula. Fiet. Jsq. ft. 

15 0 235.6194 4117.8647 

1 235.8812 4127.6876 

2 236.1430 4437.5214 

3 236.4048 4447.3062 

4 236.6666 4457.2218 

5 236.9281 4167.0884 

6 237.1902 4476.9059 

7 237.4520 4486.8548 

8 237.7138 4196.7536 

9 237.9756 4506.6637 

10 2.38.2:174 4516..5849 

11 238.4992 4.526.5169 
T6 0 238.7610 4536.4598 

1 239.0228 4.546.4136 

2 239.2846 4556.3784 

3 239.5464 4[>66.3540 

4 239.8082 4570.3406 
6 240.0700 4586.3380 

6 240.3318 4596.3164 

7 210.5936 4606.3657 

8 240.8554 4616.3959 

9 241.1172 4626.4370 

10 241.3790 46:16.4890 

11 241.6408 4646.5519 
TT 0 241.9026 4656 6257 

1 242.1644 4666.7104 

2 242.4262 4676.8061 
8 242.6880 4686.9126 
4 242.9498 4697.0301 
6 243.2116 4707a584 

6 243.4734 4717.2977 

7 218.7352 4727.4479 

8 243.9970 4737.6090 

9 244 2588 4747.7810 

10 244.5206 4757.9639 

11 244.7824 47G8.1.577 

78 0 245.0442 4778.3624 

1 245.3060 4788.5781 

2 245.5678 ' 4798.8046 
8 245.8296 4809.0420 

4 246.0914 1819.2904 

5 246.3532 4829.5497 

6 246.6150 4839.8198 

7 246.8768 48f)0.1009 

8 247.1386 4860.8929 

9 247.4004 4870 6958 

10 247.6622 4881.0096 

11 247.9240 4891.3343 

79 0 248.1858 4901.6699 

1 2434476 4912.0166 

2 248.7094 4922 37:19 
8 248.9712 4932.7423 

4 249.2330 4943.1215 

5 249.4948 43535117 

6 249.7566 4963.9127 

7 250,0184 4974.8247 

8 250.2802 4984.7476 

9 250.6420 4995.1814 

10 250.8038 5005.6261 

11 251.0666 5016.0817 


Dia. Circamf. Area. 

FUu. Feet. Sq.ft. 

80 0 251..^274 6026.5482 

1 2516892 6037.0257 

2 251.3510 5047.5140 

3 25:i.H28 5058.0133 

4 2.52.3746 5068.5234 

5 252.6364 5079.0445 

6 252.8982 5089.5764 

7 253.1600 5100.1193 

8 253.4218 5110.6731 

9 253 6836 5121.2378 

10 253.9454 5131.8134 

11 254.2072 5142.3999 

81 0 254.4690 5152.9974 

1 254.7308 5163.6057 

2 254.9926 6174.2249 

3 255.2544 5184 8551 

4 255.5162 5195.4961 

5 255.7780 5206.1481 

6 256.0398 5216.8110 

7 256.3016 5227.4847 

8 256.5634 5238.1694 

9 256.8252 5248.8650 

10 257.0870 6259.5715 

11 257.3488 5270.2889 

82 0 257.6106 6281.0178 

1 257.8724 5291.7565 

2 2581342 6:102.5066 

3 2:)8 3960 5313.2677 

4 258 6578 5324.0396 

5 258.9196 5834.8225 

6 259.1814 5345.6162 

7 259.4432 5356.4209 

8 259.7050 5:167.2365 

9 259.9668 53780680 

10 260 2286 5388.9004 

11 260.4904 5399.7487 
88 0 260.7522 5410.6079 

1 261.0140 6421.4781 

2 261.2758 6432.8591 
8 261.5376 5443.2511 

4 261.7991 5454.1539 

5 262.0612 5465.0677 

6 262.3230 5475.9928 

7 262.5848 5486.9279 

8 262.8466 5497.8744 

1 9 263.1084 6508-8318 

10 263.3702 5519 8001 

11 26:1.6320 5530.7793 
84 0 26:1.8938 5541.7694 

1 264.1556 6552.7706 

2 264.4174 6563.7824 
8 201.6792 5574.8058 

4 264.9410 5585.8390 

5 265.2028 ,5596.8837 

6 265.4646 5607.9392 

7 265.7264 5619.0057 

8 265.9S82 5630.0831 

9 I 266.2500 5641.1714 

10 266.5118 5652.2706 

11 266.7736 5663.3807 


Dia. jCircamf. Area. 

I''t.lu. Feet. Sq. ft. 

85 0 267.0:i54 5674.5017 

1 267.2972 5685.6337 

2 267.5590 5696.7765 

3 267.8208 5707.9302 

4 2G8 0826 5719.0949 

5 268 3444 5730.2705 

6 268.(«H)2 5741.4,569 

7 268.8680 5752.6,543 

8 269.1298 5763.8626 

9 269.3916 5775.0818 

10 269 6534 5786.3119 

11 269.91.52 5797.5529 
80 0 270.1770 5808 8048 

1 270.4:488 5820.0676 

2 270.7006 5831 8414 

3 270 9624 5842.6260 

4 271 2242 5858.9216 
6 271.4866 5865.2280 

6 271.7478 5876.5454 

7 272.0096 5887.8737 

8 272.2714 5899.2129 

9 272.5832 5910.5630 

10 272.7950 5921.9240 

11 278D568 5933.2959 

87 0 273.3186 5944.6787 

1 273.5804 5966.0724 

2 273.8422 5%7.4771 
8 274.1040 6978.8926 

4 274.8658 5990.3191 

5 274.6276 6001.7564 

6 274.8894 6013.2047 

7 275.1512 6024.6639 

8 275.4130 6086.1340 

9 275.6748 6047.6149 

10 275 9366 6059.1068 

11 276.1984 6070.6097 

88 0 276.4602 6082.1284 

1 276.7220 6093.6480 

2 276.9838 6105.1835 
8 277.2456 6116.7300 
4 277.5074 6128.2873 
6 277.7692 6139.8556 

6 278.0309 6151.4348 

7 278.2927 6163.0248 

8 278.5545 6174.6258 

9 278.8163 6186.2377 

10 279.0781 6197.8605 

11 279.3899 6209.4942 
80 0 279.6017 6221.1389 

1 279.863.5 6232.7944 

2 280.1253 6244.4608 
8 280.3871 1 6256.1382 
4 280.6489 6267.8264 
6 280.9107 6279.5256 

6 281.1725 6291.2356 

7 281.4843 6302.9566 

8 281.6961 6314.6885 

9 281.9579 6826.4813 

10 282.2197 6338.1850 

11 282.4815 6349.9496 


8 
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TABLE 8 OF ClKCLES-(GontiDiie(i). 


Blams In unite and twelfths; as in feet and tnehea. 


Dla. 

€ircamf.| 

Area. 

Dia. 

Circomf. 

Area. 

Dla. 

Clrcumf. 

Area. 

Ft.I«. i 

Feet. 

Sq. ft. 

Ft.In, 

Feet. 

Sq. ft. 

Ft.In. 

Feet. 

Sq. ft. 

90 0 

282.7433 

6361.7251 

98 5 

293.4771 

6853.9184 

00 9 

803.9491 

7351.7686 

1 

283.0001 

6373.5116 

6 

293.7389 

6866.1471 

10 

304.2109 

7364.4386 

2 

283.2669 

6385.3089 

7 

294.0007 

6878.3917 

11 

304 4727 

7377.1195 

8 ; 

283 5287 

6397.1171 

8 

294.2625 

6890.6472 

97 0 

804.7345 

7389.8113 

4 

283.7905 

6408.9363 

9 

294.5243 

6902.9135 

. 1 

804.9963 

7402.5140 

6 

284.0523 

6420 7663 

10 i 

21M.7861 

6915.1908 

2 

805,2581 

7415.2277 

6 

281.3141 

6432.6073 

11 

295.0479 

6927.4791 

3 

805.5199 

7427.9522 

7 

284.5759 

6444.4592 

94 0 

295.3097 

6939.7782 

4 

305.7817 

7440.6877 

8 

284 8377 

6456.3220 

1 

295.5715 

6952.0682 

6 

306.0435 

7453.4340 

9 

285.0995 

6468.1957 

2 

295.8333 

6964.4091 

6 

306.3053 

7466.1913 

10 

285.3613 

6180.0803 

3 

296.0951 

6976.7410 

7 

806.5671 

7478.9595 

11 

285.6231 

6491.9758 

4 

296 3569 

6989.0837 

8 

306.8289 

7491.7385 

91 0 

285.8849 

6503.8822 

5 

296.6187 

7001.4374 

9 

307.0907 

7504.5285 

1 

286.1467 

6515.7995 

6 

296.88a5 

7018.8019 

10 

307,8525 

7517.3294 

2 

286.4085 

6527.7278 

7 

297.1423 

7026.1774 

11 

307.6143 

7530.1412 

3 

286.6703 

6539.6669 

8 

297.4041 

7088.5638 

08 0 

807.8761 

7542.9640 

4j 

286.9321 

6551.6169 

9 

297.6659 

7050.9611 

1 

308.1379 

7555.7976 

5 

287.1939 

6563.5779 

10 

297.9277 

7063.3693 

2 

308.3997 

7568.6421 

6 

287.4557 

6575.5498 

11 

298.1895 

7075.7884 

3 

308.6615 

7581.4976 

7 

287.7175 

6587.5325 

95 0 

298.4513 

7088.2184 

4 

808.9233 

7594.8639 

8 

287.9793 

6599.5262 

1 

298.7131 

7100.6593 

6 

309.1851 

7607.2412 

9 

288.2411 

6611.5308 

2 

298.9749 

7113.1112 

6 

809.4469 

7620.1293 

10 

288.5029 

6623.5163 

3 

299.2367 

7125.5739 

7 

309.7087 

7633.0284 

11 

288.7647 

6635.5727 

4 

299.4985 

7138.0476 

8 

809.9705 

1 7645.9384 

9S 0 

289.0265 

6647.6101 

5 

299.7603 

7150.5321 

9 

310.2323 

7658.8593 

1 

289.2883 

6659.6583 

6 

800.0221 

7163.0276 

10 

810.4941 

7671.7911 

2 

289.5501 

6671.7174 

7 

300.2839 

7175.5340 

11 

310.7559 

7684.7338 

3 

289.8119 

6683.7875 

8 

300.5457 

7188.0513 

00 0 

811.0177 

7697.6874 

4 

290 0737 

6695.8684 

9 

300.8075 

7200.5794 

1 

811.2795 

7710.6519 

5 

290.3355 

6707.9603 

10 

301.0693 

7213.1185 

2 

311.5413 

7723.6274 

6 

290.5973 

67200630 

11 

301.3311 

7225.6686 

8 

811,8031 

7736.6137 

7 

290.8591 

6732.1767 

96 0 

801.5929 

7238.2295 

4 

312.0649 

7749.6109 

8 

291.1209 

6744.8013 

1 

301.8647 

7250.8013 

5 

312.3267 

7762.6191 

9 

291.3827 

6756.4368 

2 

302.1165 

7263.3840 

6 

312.6885 

7775.6382 

10 

291,6445 

6768.5882 

8 

302.3783 

7275.9777 

7 

312.8503 

7788.6681 

11 

291.9063 

6780.7405 

4 

302.6401 

7288.5822 

8 

313.1121 

7801 7090 

98 0 

292.1681 

6792.9087 

5 

302.9019 

7301.1977 

9| 

313.3739 

7814.7608 

1 

292.4299 

6805.0878 

6 

303.1637 

7313.8240 

10 

313.6357 

7827.8235 

2 

292,6917 

6817.2779 

7 

303.4255 

7326 4fa3 

n 

313.8975 

'7840.8971 

S 

292.9535 

6829.4788 

8 

303.6873 

7339.1095 

100 0 

314.1593 

7853.9816 

4 

2912153 

6841.G907 

1 

1 






Dlun, 

CIroamr, 

DUm, 



faieli. 

fbot 

iBeh. 

fbot 

ineh 

1-W 

.004091 

742 

.057269 

27-64 

1-32 

.008181 

1644 

.061359 

7-16 

8-64 

.012272 


.065460 

2944 

M6 

.018362 

.069640 

1542 

644 

.020463 

942 

.073631 

31-64 

842 

.024544 

1944 

.077722 

3^ 

744 

.028634 

6-16 

mm 

Hi 

.032726 

21-64 

.086903 

1742 

.036816 

1142 

.089994 

36-64 

642 

.040906 

23-64 


9-16 

1144 

8-16 

.044997 

.049087 


.098176 

.102266 

87-64 

1942 

1844 

.063178 

1342 

.106356 

39-64 


Cinmmr, 

Dlam, 

Circunif, 



fbot. 

laoii. 

foot. 

Inelii 

foot 

.110447 

54 

.163625 

6344 

.216803 

,114537 

41-64 

.167716 

2742 

.220893 

.118628 

21-32 

.171806 

56-64 

.224984 

.12'2718 

4344 

.176896 

74 

.229074 

.126809 

11-16 

.179987 

67-64 

.233161 


4644 

.184078 

2642 

.237266 

.134990 

2342 

.188168 

69-64 

.241346 

J39081 

47-64 

.192259 

16-16 

J246437 

.148172 

Ji 

.196360 

6144 

.246628 

.147262 

.200440 

8142 

.253618 

.161363 

2542 

.204631 

63-64 

.267709 

.166443 

61-64 

.208621 

1 

^161709 

.169634 

13-16 

.212712 


OIBCULAB ABCS. 17^ 

CntCVI^AR ARCS. d 



Rules for Fig. 1 apply to all area equal to, or lese than, a semi-circle. 

“ “ Fig. 2 “ “ “ or greater limn, a semi-circlt. 


Chord, a b, of whole arc, adb, 

2 X radiiiH^ — (radius — rise)" Fig. 1. 

= 2 X radius^ — (rise — radius)^. Fig. 2. 

— 2 X v^riso X C-i )^radiu7 — riae). Figs. 1 and 2. 

2 X radiuH \' Blue of « c 6. Figs. 1 and 2, 


“ 2 X 


rise 

tangent of a bd.* 


Figs. 1 and 2. 


““2 X X coeino of abd* Figs. 1 and 2. 


“ 2 X i*" — riB**''** Figs. 1 and 2.g 


— approximately SX^bg — 3X length of arc a <? Pig. L 


Ijcngth, adbf 

.. ji ^ arc od 6 in degrees i 9 . 

2 w radius X • Figs. 1 and 2; 

,01745 X radius X arc a d 6 in degrees. Figs. 1 and 2. 


= circumference of circle — length of $maU arc subtending angle a c b. Fig. 2. 
8 X dbg — chord a b* * 


* tt b d is ^ of the angle a c b, subtended by the arc. In Fig. 2 the latter anglt 
exceeds 180*^. 

g d b chord of d i b, or of half adb— \/riB^ + (U a b)*. Figs. 1 and 2. 


Tf If rise — multiply the result by 
.6 chord, 1.036 

.4 « 1.0196 

.333 « 1.0114 

.8 « 1.0083 

••If rise — multiply the result by 
.6 chord 1.012 

.4 « 1.0066 

.333 “ 1.0038 

.8 « 1.0028 


If rise — multiply the result hip 

.25 chord, 1.0044 

.2 « 1.0021 

.125 « 1.00036 

.1 « 1.00016 

If rise — multiply the result M 
.25 chord 1.0015 

.2 ” 1.0007 

.126 " 1.00012 

.1 “ 1.00006 



L80 


CIBCULAR ABCS. 


1 

i 



/ 

c 






o 


Fig.l 



Conttnued Arom p. 179. 


Bales for Fig. 1 apply to all area equal to or less than a aemi-circle. 

“ “ Fig. 2 “ “ “ orgieaterthauasHini-ctrol®. 


Radius^ e 

„ ob)^ -f , Figs. 1 and 2. 

2 X rise 

* , Figs. 1 and 2. 

2 X rise 

. , Figs. 1 and 2. 

sine of '^acb 

rise d <■ ^ Fig. 1. 

I — cosine' of )^acb 


,f edf ei OT ch. 


H , Rga. I and 2. 

sine of 6 c d I 

rise d e ^ Fig. a. 

1 f cosine of ^ a c fc f 


Rise, or middle ordlnatei d 0p 

- radius -- >/ radius* — a fc)*, Fig. 1. 

-> radius + y/ radius* — (H « 6)*, Fig. 2. 

- radiua X d — coaiue of fecd||), Fig. 1. 

« radius X (1 + cosine of bed 04 Fig. 2. 

M ^ , Figs. 1 and 2. 

2 X radius 

- o6 X tangent of aftd,* Figs. 1 and 2. 

- '• 

When radius =» cliord a ft, the result is 6.7 parts m 100 too suurv 
** •* 3 X ahord u b, the result is 0.7 parts iu 100 mo soon. 


Nlde ordinate, as n t, 


= i/ radius* — e n* + rise — radius, Figs. 1 and 2. 

, ^ , an X nb - 

= .pproiimatelr r»8- >-1 


• a ft d Is *■ 34 of the angle a c 6, subtended by the arc. 

+ Strictly, this should read 1 mmiM cosine; but the cosines of angles between Ord 
and 270° most then be regarded as mimts or ne<jattve. Our rule, therefore, amounts 

t^) the same thing. 

g d ft - chord of d i ft, or of half adb,^ V rise* + {% a ft)*. Figs. 1 and 2. 

J bed — half the angle acb subtended by the arc. In Pig. 2, the latter anglt 
exceeds 180*^. 

f When radius = chord aft, this makes d«6.7 parts in 100 too short. 

“ “ s= 3 X chord a h, this makes d e 0.7 parts in 100 too short. 

The nroportionate error is greater with the side ordipatea. 
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To deacribe the ore of m circle too large for the dl-rlden. 

Ut Method. Let a c b« the chord, aod o b the height, of the required arc. •« 



laid down on the drawing. On a separate strip of puper, s e m n, drew a c. o b. and ah 
also b e, parallel to the chofd o c. It i» well to make 6 a and ft e, each a little longer 
than a ft. Then cut off the paper carefully along tiie Urn s s ft and ft «, so as to leave 
remaining only the strip a o 6 e m a. Now, if the straight sides a ft and ft e be applied 
to the di awing, so that any parts of them shall touch at the same time the poinU a 
and ft, or ft and c, the point ft on the strip will be in the circumference of the ar^ 
and may be pricked off. Thus, any number of points in the arc may he found, and 
afterward united to form the curve. 

iM Metlaod. Draw the span aft; the rise rc; and a e, ft & From e with radiu 



c r describe a circle. Make each of the arcs o t and i I equal to ro or r t; and draw 
e t <A Divide ct, cl, cr, each Into half as many equal psrts as the curve is to be divided 
Into/ Draw the lines 61, 62, 63; and a4, a5, a6, extended to meet the first ones at 
t, 8, h. Then «, s, h, are points in one half the curve. Then for the other half, draw 
similar lines from a to 7, 8, •; and othtrs from ft to meet them, as before. Trace 
the curve by hand. 
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CIKCULAR ARCS* 


llein»rh«~lt max freqaautlj be of um to remeatber, that ia aoj are b o i, doI 


c 



exceeding 29®, or in oiher word*, whote chord be it at lead tixtaen timet itt rise, the 
middle ordinate a o, will be oue-holi of a c, quite near enough for many pur- 
poses; b c and s e being tangents to the arc.t And vice versa, if in snch an arc we 
make o c equal a o, then will c be, very nearly, the point at which tangents from the 
ends of the arc will meet. Also the middle ordinate n, of the hidf arc o b, or 
os, will be approximately of a o, the middle ordinate of the whole arc. Indeed, 
this last observation will apply near enough fur many approximate uses even if the 
arc be as great as 45®; fur if in that case we take \ioto a for the ordinate n, n will 
then be but I part in 1U4 too small; and therefore the principle may often Im uaed 
in drawings, for finding points in a curve of too great radius to be drawn by the 
dividers ; for in the same manner, of n will be the middle ordinate for the arc n h 
or n o; and so on to any extent Below will bo found a table by vsrhlch fli* 
rlM or middle ordinate of a half sure can be obtained with greater 
accuracy when required lor more exact drawings. 


dSCULAR ARCS IN FREQUENT USE. 

The fifth column is of use for finding points for drawing arcs too large for the 
beam-compass, on tlie principle given above. In even the largest office drawings it 
will not be necessary to use more tiian the first three decimals of tlie fifth column ; 
and afier the arc is subdivided into parts smaller than about 35® each, the first two 
decimals .25 will generally suffice. Original. 


Bln 

Id 

parMi 

of 

sboiA 

Degrees 
in whole 
arc. 

For rad 
mult riM 
by 

For 

length of 
arc nittU 
chord 
»>y 

Fur rise 
of half 
arc 

mult rlM 
by 

Rim 

in 

parts 

of 

thord. 

Degrees 
in whole 
arc. 

For rad 
tnult rise 

For 

length 0 
arc Biu) 
chord 
bj 

For 
rise of 
haifan 
mnlt 
riseby 

1-80 

» 

9 

9.76 

313. 

■ 

1.00107 

.2501 


56 

8 70 

8.5 

1.04116 

.2638 

1-45 

10 

10.76 

253.625 

1.00132 

.2501 

1-7 

63 

46.90 

6.625 

1.053.)l 

.2549 

1-40 

11 

26.9f 

200.6 

1.00167 

.2502 

.156 

68 

bX(Xi 

6.70291 

1.06288 

.2667 


13 

4.92 

153.825 

1.00219 

.2502 

16 

73 

44 39 

6. 

1.07250 

.2666 

1-30 

15 

15,38 

113. 

1.00296 

.2503 

.18 

79 

11.73 

4.35803 

1.08428 

.2676 

1-25 

18 

17.74 

78.625 

1.00426 

.2504 

1-5 

87 

12.:i4 

3.626 

1.10347 .2693 

1-20 

22 

50.54 

1 50.5 

1.00666 

.2606 

207107! 

90 


3.41422; 

1 11072) .2599 

1-19 

24 

2.16 

46.825 

1.00737 

.2607 

.225 i 

96 

54.66 

2.96914 

1.12996 .2615 

1-18 

25 

21.65 

41. 

1.00821 

.2608 

H i 

106 

15.61 

2.5 

1.16912 

.2639 

1-17 

26 

60.36 

36.626 

1.00920 

.2509 

.275 

115 

14 59 

2.152H9 

1.19082 

.2665 

M« 

28 

30.00 

82.6 

1.01038 

.2510 

.3 

123 

51.;i0 

1.88889 

1.22495 

.2692 

1.15 

30 

22.71 

28.626 

1.01181 

.2511 

% 

134 

45.62 

1.625 

1.27401 

.2729 

1-14 

32 

31.22 

26. 

1.01365 

2513 

.365 

144 

31.07 

1.43826 

1.32413 

.2766 

M3 

34 

59.08 

21.625 

1.01571 

.2516 

,4 

154 

38.35 

1.28125 

1.38322 

.2808 

M2 

37 

60.96 

18.6 

1.01842 

.2617 

.425 

161 

27.49 

1.19204 

1.42764 

.2838 

Ml 

41 

13.16 

16.625 

1.02189 

.2620 

.45 

167 

56.93 

1.11728 

1.47377 

.2868 

MO 

46 

14.38 

13. 

1.026461 

.2626 

.475 

174 

7.49 

1.05401 

1.52152 

.2899 

M 

so 

6.91 

10.625 

1.032601 

.2530 

.6 

180 

1 

1. 

1.57080 

.2929 


For Rectification of circular arcs, see p 184 . 


If radiUH = 1 mile, 1® = 

1 ' = 
V' = 


92.1.534 ft; ’ 

1.53589 ft = 18.4307 ins, 
0.0256 ft = 0.3072 in. 


*t When arc b 0 « = 29®, half o c = 1.016450 X o o. 
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TABLE OF CIRC'lJliAR ARCS. No errors. 


Leng^liA of circnlar arcA. If are exceedl« a semicircle, see p 184. 


Rise 

Chord 

Arc 

Rifle 

Arc 

Rifle 

Arc 

Rise 

Chord 

Arc 

Chord 

Rise 

Chord 

Arc 

Chord 

Chord 

Chord 

Chord 

Chord 

Chord 

.001 

1 00002 

.076 

1.01533 

.151 

1 0597.3 

.226 

1 13108 

,.801 

1.22686 

002 

1.00002 

.077 

1.01573 

.152 

1.06051 

•227 

1.13219 

.302 

1.22778 

.003 1 

1.0000.1 

.078 

1.01614 

.153 

1 06130 

•228 

I.1S331 

.303 

1.2-2920 

,001 

1 .00004 

.079 

1.01656 

.154 

1 06-209 

•229 

1.13444 

.304 

1.23069 

.005 

1 00007 

.080 

1.01698 

.165 

1 06-288 

•2:30 

1 13557 

.305 

1 ‘23206 

.006 

1 00010 

.081 

1.01741 

.156 

1 06,368 

.■Wl 

1.1.S671 

.;106 

1.2334S 

.007 

1.00013 

.082 

1 01784 

.157 

1 06449 

•282 

1.13785 

.307 

1.-23492 

.OOS 

1.00017 

.083 

1.01828 

.iri8 

1 065:<0 

•2.33 

1.13900 

.308 

1.23636 

.009 

1.00022 

.084 

1.01872 

.159 

106611 

.-234 

1.14015 

.309 

1.23781 

010 

1 00027 

.085 

1.01916 

.160 

1.06693 

•235 

1.14131 

.310 

1.239-26 

.011 

1 00032 

.086 

1.01961 

.161 

1 06775 

•236 

1.14247 

.311 

1.24070 

012 

1.00038 

.087 

1.02006 

.162 

1 06858 

•237 

1 14.363 

.312 

1.24216 

.013 

1 00045 

.088 

1.02052 

163 

1 06941 

•238 

1 14480 

.313 

1.24361 

.014 

1.00053 

.089 

1.02098 

.164 

1.070-25 

.2:39 

1 14597 

.314 

1 24507 

015 

1.00061 

.090 

1.0-2146 

.165 

1 07)09 

•240 

1 14714 

.315 

1.24654 

.016 

1 00069 

.091 

1.02192 

.166 

1.07194 

.241 

1.14832 

.316 

1.24801 

017 

1.00078 

.092 

1.02240 

.167 

1 07279 

•■242 

1 14951 

.317 

1 ‘24948 

.018 

1 00087 

.093 

1.02289 

168 

1 07365 

.243 

1.15070 

.318 

1. ‘2.5095 

.019 

1 00097 

.094 

1 02339 

,169 

1.07451 

.244 

1 15189 

.8)9 

1.25243 

020 

1.00107 

095 

1.02389 

.170 

1.07537 

.245 

1 15308 

.320 

1. ‘26391 

.021 

1.00U7 

.096 

1.0-2440 

.171 

1.07624 

.246 

1 154-28 

.321 

1 25540 

.022 

1 00128 

097 

1 0-2491 

.172 

1 07711 

.247 

1.15.549 

.322 

].256t‘9 

.023 

1 00140 

.098 

1.02542 

.178 

1.0779*) 

.248 

1 15670 

.3-23 

1.-25838 

.024 

1.00153 

.099 

1.0-2593 

.174 

1.07888 

.249 

1.16791 

.324 

1 25988 

.025 

1 0U167 

.100 

1 0-2646 

.175 

1.07977 

.2.50 

1.15912 

.325 

1.261.88 

.026 

1.00182 

.101 

1 0-2698 

.176 

1 080«.6 

.2.51 

1.16034 

.8-26 

1.26288 

.027 

1 00196 

.102 

1.02752 

.177 

1 08156 

.252 

1 16156 

.3-27 

1. *26437 

028 

1 00210 

.103 

1.02806 

.178 

1.08246 

.253 

1.16279 

.328 

1. ‘26588 

.029 

1 00225 

.104 

1.0-2860 

.179 

1 08:137 

.254 

1 16402 

.3-29 

1.26740 

.030 

1 00240 

.105 

1 02914 

.180 

1 08428 

.255 

1.165-26 

.330 

1 26892 

.031 

1 00256 

.166 

1.02970 

.181 

1 08:i19 

.256 

1 16650 

.331 

1.27044 

.032 

] 00272 

.107 

1.03026 

.182 

1.08611 

.257 

1.16774 

.8.82 

1.27196 

.033 

1.00289 

.108 

1 03082 

.183 

1 08704 

.258 

1.16899 

.333 

1.27849 

.034 

1.00307 

.109 

I 0.11.39 

.184 

1 08797 

.259 

1.17024 

.334 

1.‘27502 

.035 

1.00327 

.110 

1 03196 

.185 

1 08890 

.260 

1.171.50 

.335 

1.27656 

.036 

1 00,445 

.111 

1 03254 

.186 

1 1 08984 

.261 

1.17-276 

.3.16 I 

1 27810 

.o;i7 

1.00364 

.112 

1.03312 

.187 

1 1.09079 

.262 

1.17403 

.337 

1 27964 

.038 

1 G0384 

.113 

1.03371 

.188 

1.09174 

.263 

1.17530 

.338 

1.28118 

.039 

1 00405 

.114 

1.a'1430 

.189 

1 1.09269 

.264 

1.176:)7 

.,8:i9 

1.28278 

.040 

1 00426 

.115 

1.03490 

.190 

1 09.365 

.-265 

1.17784 

.340 

1.-28428 

.041 

1.00447 

.116 

l.a3551 

.191 

1.09461 

.266 

1.17912 

.341 

1.28583 

.042 

1 00469 

.117 

i.o;i6ii 

.192 

1.09557 

.-267 

1 18040 

.842 

1.28739 

.043 

1 00492 

.118 

1.03672 

.W 

1.09654 

.268 

1.18169 

.343 

1 28895 

.044 

1 00515 

.119 

1 037.14 

.194 

1 09752 

.269 

1.18-,«99 

.344 

1.29052 

.045 

1.005.S9 

.120 

1 03797 

.195 

1.09850 

.270 

1.18429 

.345 

1.29209 

.046 

1 00563 

,121 

1 0.1860 

196 

1.09949 

.271 

1.18559 

.846 

1.-29366 

.047 

1 00587 

.122 

1.0.1923 

.197 

1.10048 

.272 

1.18689 

.347 

1.29523 

048 

1.00612 

,123 

1.03987 

.198 

1.10147 

.278 

1,18820 

.,848 

1.29681 

.049 

1 006.18 

.124 

1.040.51 

.199 

1 10247 

.274 

1 18951 

.349 

1 ‘29839 

.050 

1 1 0066.1 

.125 

1 04116 

.200 

1.10347 

.275 

1.19082 

,.850 

1.29997 

.051 

1.00692 

.126 

1.04181 

.201 

1.10447 

.276 

1.19214 

.351 

1.30156 

.052 

1 00720 

.127 

1.04-247 

.202 

l.l(»48 

.277 

1.19346 

.352 

1.30315 

053 

1 00748 

.128 

1.04313 

.203 

1 10650 

.278 

1 19479 

.353 

1.3047« 

.054 

1 00776 

.129 

1.04380 

.204 

1 10752 

.279 

1 19612 

.354 

1.S0634 

.055 

1.00805 

,130 

1 04447 

.205 

1.10855 

280 

1.19746 

.355 

1.80794 

.056 

1.00834 

.131 

1 0451 .> 

.206 

1.10058 

.281 

1.19880 

.356 

1.30954 


1 00864 

.132 

1 04584 

.207 

1.11062 

.282 

1 20014 

.357 

1.81115 

.058 

1.00895 

.133 

1.04652 

.208 

1.I1I65 

.283 

1.20149 

.358 

1.31276 

.059 

1.00926 

134 

1.047 .>2 

.209 

1.11269 

.284 

1.20284 

.359 

1.3H37 

.060 

1.00957 

.135 

1.04792 

.210 

1.11:374 

.285 

1.20419 

.360 

1.31599 

Ml 

1.00989 

.136 

1,04862 

,211 

1 11479 

.288 

1.20555 

.361 

1.81761 

062 

1.01021 

137 

1 .04932 

.212 

1 1 1584 

.287 

1.20691 

.362 

1.81928 

.063 

1.01034 

,138 

1.05003 

.213 

1 11690 

.288 

1.20827 

.363 

1.32086 

.064 

1.01088 

.139 

1.05075 

.214 

1.11796 

.269 

1.20964 

.364 

1 32249 

.065 

1.01123 

.140 

1.05147 

.216 

1.11904 

.290 

1.21102 

.365 

1.32413 

.066 

1 01138 

.141 

1.05220 

.216 

1.12011 

.291 

1.212.89 

.366 

1.82577 

.067 

1.01193 

.142 

1.05293 

.217 

1.12118 

.292 

1.21377 

.367 

1.82741 

.068 

1.01228 

.143 

1.05367 

.218 

1.12225 

.293 

1.21515 

.368 

1.32905 

.068 

1 01264 

.144 

1.05441 

.219 

1.12334 

.294 

1.21654 

.869 

1.83060 

.070 

1.01302 

.145 

1.05516 

.220 

1.12444 

.295 

1.21794 

.370 

1.33234 

.071 

1.01338 

.146 

1.05591 

.221 

1.12554 

.296 

1.21933 

.371 

1.88399 

.073 

1.01376 

.147 

1.05667 

.222 

1.12664 

.297 

1.22076 

.873 

1.38564 

.078 

1.01414 

.148 

1.05T43 

.823 

1.12774 

.298 

1.22213 

873 

1.83780 

.074 

1.01453 

.149 

1.05819 

.224 

1.12885 

.299 

1.22354 

.374 

1.88886 

078 

1.01488 

.160 

1.05896 

.226 

1 12997 

.300 

1.22495 

.375 

1 1.84068 


1.0148S I .160 i l.OMW I aw I I i-am i aw i i .sto i i.S4U09 

IQ See p. 184. 
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MENSURATION, 


TABLE OF EIREVLAK A RCS-(Conti?iukd.) 


Rise 

Chord 

Arc 

Chord 

Rise 

Chord 

Arc 

Chord 

RlBli 

Arc 

Rise 

Arc 

Rise 

Arc 

Chord 

Chord 

Chord 


Chord 

Chord 

.376 

1.3l*.19 

.401 

1.3M96 

.4-26 

1.42945 

.431 

1.47.565 

.176 

1 .5-2:M6 

.377 

1.3*396 

402 

1.38671 

.427 

1.43127 

.4.52 

1.47753 

.477 

1.52541 

.378 

1. 34.563 

403 

1.38846 

.428 

143309 

.453 

1.4794-2 

.478 


.379 

1.3*731 

.401 

1.39021 

.429 

1.43491 

.454 

1.48131 

.479 

1.5-2931 

.380 

1.3*899 

.105 

1.391ia 

.4.30 

1.43673 

.455 

1.48320 

,480 

1.53126 

.381 

1.35068 

.106 

1.39372 

.431 

1.43856 

456 

1 48509 

.481 

1.6332-2 

.38* 

1 35237 

.407 

1.39548 

.432 

1.44039 

.457 

1.48699 

.482 

1,53.518 

.383 

1.35406 

.408 

1.S9724 

.433 

1.4422-2 

.438 

1.48889 

.483 

1.58714 

.38* 

1.35575 

.409 

1.39900 

.434 

1.44405 

.459 

1.49079 

.484 

1.53910 

385 

1 3574* 

.410 

1.40077 

.135 

1.44589 

.460 

1.49269 

.485 

1.54106 

386 

1.3591* 

.411 

1.40251 

.436 

1.44773 

.461 

.1.49460 

.486 

1.54301 

.387 

1.3608* 

.412 

1.401.32 

.437 

1 44957 

.462 

1.49661 

.487 

1,54499 

.388 

1.36254 

.413 

1.40610 

.438 

1 45142 

.463 

1.49842 

488 

1. .54696 

.389 

1 36425 

.414 

1.40788 

.489 

1.453-27 

.464 

1 3(XI3:t 

.489 

1..54893 

.390 

1.. 36 596 

.415 

1.40%6 

410 

1.45312 

.465 

1.502*24 

.400 

1.55091 

.391 

1 36767 

.416 

1.41145 

441 

1.45697 

.466 

1.50416 

.491 

1.55-289 

.39* 

1 36919 

.417 

1.41324 

.442 

1.45883 

.467 

1.50608 

.492 

1 55487 

.393 

1 37111 

.418 

1.41 va 

143 

1 46069 

.468 { 

].. 50800 

.498 

I 55685 

.39* 

1.372S,1 

.419 

1.41682 

.114 

1 ] 46-255 

.469 j 

1.5099-2 

.494 

1 5,5884 

.395 

1 37455 

.420 

1 4I86I 

.445 

1 146111 

.47(1 

1.51185 

495 

1 5608.S 

.396 

1 37628 

.121 

1.42011 

146 

1 4.>6-2ft 

.471 

1.. 51378 

.490 

1 ()62H2 

.897 

1.37H01 

122 

) 4222I 

117 

1 IS*-! 5 

.47-2 

1 51571 

.497 

1 56.181 

.398 

1 37974 

123 

1 42102 

148 

1 1.47002 

,473 ' 

1 51761 

49K 

1 .6681 

.399 

1 .18148 

121 

1 l.«58'l 

119 

1 171'-<t 

1 .474 ■ 

1.519-8 

.4‘)9 

1 -.(.881 

.lOO 

1.. 38.322 

.425 

1.12761 

.450 

L'^’i 

: .“r. 1 

1 5-215-2 

.500 

1 57080 


If the arc, >4 , is greater than a semicircle, let H =* its hight, o — circuml 
of circle — A, and h =* hxght of arc, a, =■ (half-chord)-* H. Find o, 
by table, as above. Then A ~ circumf — a. 


Reef ific'Ht ion of ('ireular Are.* 

(a) Fi^ A. To find appro xi mat el.y* the lenipth of an are, 

G B C. From one end, C, of the arc, draw a tangent, C E, to the arc (Se» 
p 162). Produce tlie chord. G F C, to D, and make CD >= F C -■ 
0 F C. From D, with radius =* D G. draw the arc G E. Then C E 
• arc C’ B G. approximately.* 




(b) Fig B. On a given circle, to find an arc, O C, approximately* 
^ual to a ifiven Ntralipht line. C E. From a point, C, on the circle, 
draw C E, tangent, of the given length. Make C // =* %€ E. From //, 
with radius = H E, draw arc E G. Then arc C B G = C E approxi- 
mately.* 

(c) . On a given circle, to li^ off an arc equal in lenffth to a 

civen arc on another circle: first, by (a) find a strsught line equal to 
the given arc ; then, by (b) lay off the required arc equal to the line so found 


* Prof. W. J. M^Rankine, Philosophical Mag., Vol. 34, Oct. and Nov., 1867 
The error increases with the fourth power of the angle ; but, in an are d 
60 dearees. the error is only about 4 minutes. 
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LENGTHS OP CIRCULAR ARCS TO RADIUS 1 

= Arcs in radians. See p. 07, H 2. 


Deg. 

Length 

Deg. 

Length 

Mm 

Length. 

Sec. 

Length. 

1 

.0174533 

61 

1.0646,508 

1 

.0002009 

1 

.0000048 


.03400tIG 

62 

1.0821041 

•J. 

0005818 

2 

.0000097 

3 

.0523500 

63 

1.000.5574 

3 

.0008727 

3 

.0000145 

4 

.0G08132 

64 

1.1170107 

4 

.0011636 

4 

.0000194 

5 

.0872065 

65 

1.1344640 

5 

.0014544 

5 

.0000242 

(> 

.1047198 

66 

1.1510173 

6 

.00174.53 

6 

.0000291 

7 

.1221730 

67 

1.1693706 

7 

.0020362 

7 

.0000330 

8 

.1300203 

68 

1.18682,30 

8 

.0023271 

8 

.0000388 

0 

.1570700 

69 

1.2042772 

9 

.0026180 

0 

.0000436 

10 

.1745320 

70 

1.2217305 

10 

.0021)080 

10 

.0000485 

11 

.1910862 

71 

1.2301838 

11 

.0031008 

11 

.0000533 

11! 

.2004395 

72 

1 2566371 

12 

.0034007 

12 

.0000582 

13 

.2208028 

73 

1.2740004 

13 

.0037815 

13 

.0000630 

14 

.2143401 

74 

1.201.5436 

14 

.0040724 

14 

0000679 

15 

.2617004 

75 

1.308996!> 

15 

0043633 

15 

.0000727 

IG 

.2792527 

76 

1.3264502 

16 

.0046542 

16 

.0000776 

17 

.2967060 

77 

1 3439035 

17 

.0040451 

17 

.0000824 

18 

.3141503 

78 

1.361,3.568 

18 

.0052360 

18 

.0000873 

10 

.3316126 

79 

1..3788101 

19 

.0055269 

19 

.0000921 

30 

.3490050 

SO 

1.30(»2634 

20 

.0058178 

20 

.0000070 

21 

.3665191 

81 

1.41,37167 

21 

0061087 

21 

.0001018 

OO 

.3839724 

82 

1.4311700 

22 

.0063005 

22 

.0001067 

23 

.4014257 

83 

1.4486233 

23 

.0066004 

23 

.0001115 

24 

.4188790 

84 

1 4660766 

24 

.006981.3 

24 

.0001164 


.4363323 

85 

1.4835299 

25 

.0072722 

25 

.0001212 

20 

.45378.56 

86 

1 50008,32 

26 

.0075631 

26 

.0001261 

27 

.4712380 

87 

1.5184.364 

27 

0078540 

27 

.0001309 

28 

.4886922 

88 

1.5.3,58807 

28 

.0081449 

28 

.0001357 

20 

5001455 

89 

1.5,5.33430 

20 

.0084.358 

29 

.0001406 

30 

.523.5988 

90 

1 570706,3 

30 

.0087266 

30 

.0001454 

31 

,,5410521 

91 

1., 5882406 

31 

.0090175 

31 

.000 1503 

32 

.55850.54 

92 

1.6057029 

32 

.0093084 

32 

.Ot)Ol,551 

33 

.5759587 

93 

1.6231562 

3,3 

.009,5993 

33 

.0001600 

34 

.,5934119 

94 

1 6406095 

34 

.0098002 

34 

.0001648 

35 

.6108652 

95 

1.6580628 

35 

.0101811 

35 

.0001697 

3G 

.6283185 

06 

1.6755161 

36 

.0104720 

36 

.0001745 

37 

.6457718 

t>7 

1.6029604 

37 

0107629 

37 

.0001794 

38 

.6632251 

08 

1.7104227 

38 

.0110538 

38 

.0001 842 

30 

.6806784 

00 : 

1.7278760 

30 

.011,3446 

30 

.0001891 

40 

.6981317 

100 

1.745,3293 

40 

.0 1 lt5.355 

40 

0001930 

41 

.71,5,58.50 

101 

1 7627825 

41 

.0110264 

41 

.0001988 

42 

.7330383 

102 

1.7802358 

42 

.0122173 

42 

.0002036 

43 

.7,504916 

103 

1 7076801 

4.3 

0125082 

43 

.0002085 

44 

.7670449 

104 

1.8151424 

44 

.0127901 

44 

.0002133 

45 

.785.3982 

105 

1.832.5957 

45 

.01,30900 

45 

.0002182 

46 

.8028515 

106 

1.8,500400 

46 

,01.3.3809 

46 

.00022,30 

47 

.8203047 

107 

1 8675023 

47 

.0136717 

47 

.0002279 

48 

.8377580 

108 

1.8849,556 

48 

.0139626 

48 

.0002327 

49 , 

.8.552113 

109 

1.9024089 

49 

.0142535 

49 

.0002376 

50 

.8726646 

no 

1.9198622 

50 

0145444 

50 

.0002424 

51 

.8901179 

111 

1 9.37.31.55 

51 

.014835,3 

51 

.0002473 

52 

.9075712 

112 

1.0,5476.88 

.52 

.0151262 

52 

.0002521 

53 

.925024.5 

113 

1 0722221 

*53 

.01,54171 

53 

.0002570 

54 

.9424778 

114 

1.9896753 

54 

.0157080 

54 

.0002618 

55 

.9590311 

115 

2.0071286 

.5.5 

.0150989 

55 

.0002666 

56 ' 

.0773844 

116 

2.024,5810 

56 

.0162897 

56 

.^002715 

57 

.0048377 

117 

2.0420352 

57 

.0165806 

57 

.0002763 

58 

1 0122010 

118 

2.0504885 

58 

.0168715 

58 

.0002812 

59 

1.0297443 

119 

2 0769418 

59 

.0171624 

59 

.0002860 

GO 

1.0471976 

120 

2,0943951 

60 

.0174533 

60 

.0002909 




186 


MENSURATION. 


CmCULiUI SECTORS, BINGS, SROntBNTS, BTC, 
Fig. A. Atm of « circular Mctor, adbe. Fig; Aa 

arc a d b ^ 



X widiuB c 0 . 
i— area of entire circle X 


arc g d 6 in degrees. 


Fig. B. 


H 



Area of a circular rttag, Fig. B, 

— area of larger circle, o d, — area of smaller one, a b. 

— .7854 X (80“ of diams. cd + a 5) X ('liff- of diams. td—ab.\ 
— 1.5708 X tliicknoBS c « X *0“ of diameters c d and a h. 


fo llnd tbe radius of a circle which shall ha-rc the same area 
as a given circular ring es dab, Fig. B, 


Draw any radius n r of the outer circle ; and from where said radius cuts the 
oner circle at t, draw I $ at right angles to it. Then will ( • be the required radius. 


Breadth, e a •= b d, of a circular ring, Fig. B, 

a* ^ difference of diameters e d and a b. 
a. ^ (diameter e d — 1.2732 area of circle a b.) 

Area of a circular zone abed, 
mm area of circle m n—areas of segments a tn b mud c « 

(for areas of segments, see below.) 

A circular lunc is m crescent^haped 
figure, comprised between two arcs a be 
and a 0 0 of circles of different radii, a <f 
aadatt. 


Area of a circular lune a b c o 

= area of segment c b c — area of segment a o 
(for areas of segments see below.) 




Circular Negmentg. 



Fig. D. 



Area of Segment ad bn, Fig. A (at top of page) 

“ Area of Sector a db e — Area of Triangle a b c. 

“ % (Are a d 6 X radius « c — c « X chord o 6). 

Table of Circular $4egments, p 187. D « diam of circle. 

Rliie of seg » R D. Area of seg » A. If the seg exceeds a 
•emicircle, 

Area « area of circle t- area of seg whose rise — (D — rise of given seg. ) 
For chord, etc. see pp 179-180. 



CIRCULAR SEGMENTS. 


18 ' 


Table of Areae of Circular beiirments, Figs C, D, p 186. 

D == diain of circle ; R = Rise / D ; A = Area / D*. 


R 

A 

R 

A 

R 

A 

R 

A 

R 

A 

.001 

.000042 

.064 

.021168 

.127 

.057991 

.160 

.103900 

.253 

.156149 

.002 

.000119 

.065 

.021660 

.128 

.058 f .58 

.191 

.104686 

.2.54 

.157019 

.m 

000219 

.066 

.022155 

.129 

. o :>9:{28 

.192 

.10,547-2 

.265 

.167891 

.004 

.000337 

067 

.022663 

. KU ) 

.059999 

.193 

. li )()261 

.256 

.168763 

.005 

.000471 

.068 

.0-23156 

.131 

.060673 

.194 

.107051 

.267 

.159666 

.OOh 

.000619 

.069 

.0-23660 

.132 

.061.349 

.195 

.107843 

.258 

160611 

.007 

.0( H 1779 

.070 

.024168 

.133 

.062027 

.196 

.108636 

.259 

.161386 

.008 

. OOOO.VJ 

.071 

.0-24680 

.134 

.062707 

.197 

.1094:11 

.260 

.162263 

.009 

.00113. 

.072 

0-26196 

.13.5 

.06; i : i 89 

.198 

.110227 

,261 

.163141 

.010 

.001329 

.07.1 

.0-25711 

.136 

.064074 

.199 

.1110-25 

.2((2 

164020 

.011 

.00153;{ 

.074 

.0262:16 

.137 

.064761 

.200 

.111824 

.263 

.164900 

.012 

.001746 

075 

.026761 

.138 

.065449 

.201 

.1126-25 

.264 

165781 

.oia 

.001969 

076 

.0-27290 

.139 

,066140 

1 .202 

.1134-27 

.266 

.166668 

.014 

.002199 

.077 

.0-27821 

.140 

.0668.33 

1 .203 

, 114 - 2:11 

.266 

.167646 

.016 

.002438 

078 

.0-28356 

.141 

.067.528 

.-204 

. 11 . 50:16 

.267 

.166431 

.016 

,0020.85 

079 

.0-28894 

.142 

.068-22.5 

.205 

.115842 

.268 

169816 

.017 

.002940 

.080 

.0294.15 

.143 

.068924 

.206 

.116651 

.269 

.170202 

.018 

.0 a 3202 

.081 

.029979 

.144 

.069626 

.207 

.117460 

.270 

171090 

.019 

.003472 

082 

.0:$05‘26 

.145 

.070329 

.208 

.118-271 

,271 

171978 

020 

.003749 

.083 

031077 

.146 

.071 '*34 

.-209 

.119084 

272 

.172868 

.021 

.004032 

.084 

.031610 

.147 

.071741 

.210 

.119898 

.273 

173768 

.022 

.004322 

.085 

032186 

.148 

.072450 

.211 

.12071.3 

.274 

.174660 

.023 

.004619 

.086 

,032746 

.149 

.073162 

.212 

.1215:50 

.275 

.175542 

.024 

.004922 

.(*87 

.033.10.8 

.150 

.07387.5 

.213 

.122348 

.276 

176436 

.025 

.005-231 

.088 

.03:1873 

.161 

.074590 

.214 

.123167 

.277 

177330 

026 

.005546 

.089 

.034441 

.152 

.075307 

2215 

.123988 

.278 

.178226 

027 

.( K ).5867 

.090 

.035012 

.163 

.076026 

.216 

.124811 

.279 

.179122 

.028 

.006194 

.091 

.035586 

.154 

.076747 

.217 

.125634 

.280 

180020 

.029 

1 .006527 

.092 

.036162 

155 

.077470 

.218 

.126459 

.281 

.180918 

.030 

i .006866 

.093 

.036742 

.156 

.078194 

.219 

.127286 

.282 

.181818 

j 031 

007-209 

.094 

.037324 

.157 

.078921 

.220 

.128114 

.283 

.182718 

.032 

! .007569 

.095 

.037909 

.168 

.079650 

.221 

.128943 

.284 

183619 

D 33 

,007913 

.096 

.038497 

.159 

.080380 

.222 

.129773 

.286 

184522 

.034 

,008273 

.097 

.039087 

.160 

.081112 

.223 

.130605 

.286 

.185425 

.035 

,008638 

.098 

.039681 

.161 

.081847 

.224 

.131438 

.287 

.186329 

.036 

.009008 

.099 

.040277 

162 

1 .082582 

.225 

.132273 

.288 

.187236 

.037 

.009383 

.100 

,040875 

163 

.083320 

.226 

.133109 

.289 

188141 

.038 

.009764 

.101 

.041477! 

.164 

1 .084060 

.227 

.133946 

.290 

189048 

039 

.010148 

.102 

.042081 

.165 

.084801 

.228 

.134784 

.291 

.189966 

.040 

.010538 

.103 

,042687 ' 

.166 

.08,554.5 

.226 

.135624 

.292 

190865 

041 

.010932 

.104 

.04.3296 

.167 

.086290 

.230 

.136465 

.293 

191774 

.042 

.011331 

.105 

.043908 

.168 

.0870; t 7 

.231 

1 .1.37307 

.294 

192685 

D 43 

.011734 

.106 

.0445-23 

,169 

.087785 

.2:12 

I .138151 

.295 

.193597 

.044 

.012142 

.107 

.045140 

.170 

.088636 

.233 

.1.38996 

.296 

.194609 

.045 

.0125.15 

.108 

.045759 

.171 

.089288 

.234 

1 .139842 

.297 

.196423 

.046 

.01-2971 

.109 

.046381 

.172 

.090042 

.236 

a 40689 

.298 

.196337 

.047 

.013393 

.110 

.047006 

.173 

.090797 

.236 

1 .141638 

.299 

.197262 

.048 

.013818 

.111 

.047033 

.174 

.091555 

.237 

.142388 

.300 

.198168 

.049 

.014248 

.112 

.048262 

.175 

.092314 

.2:18 

.143239 

.301 

199085 

.050 j 

.0146811 

.113 

.048894 

.176 

.093074 

.239 

.144091 

.302 

.200003 

.051 

.0161191 

.114 

.049629 

.177 

.0938.37 

.240 

.144945 

.308 

.200922 

.052 

.015661 

,115 

.050165 

.178 

.094601 

241 

.146800 

.304 

.201841 

.063 

.016008 

.116 

.060805 

.179 

.095367 

.242 

.146656 

.305 

.20-2762 

.054 

.016458 

.117 

.051446 

.180 

.0961:15 

.243 

.147613 

.306 

203688 

.055 

.016912 

.118 

.052090 

.181 

.096904 

.244 

.148371 

.307 

.204605 

.056 

.017369 

.119 

.062737 

.182 

.097675 

.245 

.149231 

.308 

.206528 

m 

.017831 

.120 

.053:186 

.183 

.098447 

.246 

160091 

.309 

.206462 

.058 

.018297 

.121 

.0540.'’7 

.184 

.099221 

.247 

.150953 

.310 

.207376 

.059 

,018766 

.122 

.054690 

.185 

.099997 

.248 

.151816 

.311 

.208302 

.060 

.019239 

.123 

.055346 

.186 

.100774 

.249 

.152681 

.312 

.209228 

.061 

.019716 

.124 

.056004 

.187 

.101563 

.250 

163546 

.313 

.210156 

.062 

.020197 

.126 

.056064 

,188 

.102.334 

.251 

.164413 

.314 

.211083 

4)63 

.020681 

.126 

.067327 

.188 

a 03 I 16 

.252 

.155281 

.315 

212011 


Coutinued on next page. 
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MEK8URATI0N. 


Table of Areas of Circular Seirnieuta, Figs C, D. p 188. 

Oyniinutd. 


D =» diam of circle ; R =• Rise / 1) ; A = Area / D2. 


B 

A 

R 

A 

* 

A 

R 

A 

R 

A 

.316 

.212941 

.863 

.247845 

•390 

.283593 

.427 

519959 

.464 

.866730 

.817 

.213871 

.354 

.248801 

•391 

.284569 

.428 

.320949 

.465 

.357728 

.318 

.214802 

.365 

.249758 

•892 

585545 

.429 

.321938 

.466 

.358726 

.319 

.215734 

.356 

.250715 

.393 

.286621 

.430 

522928 

.467 

559723 

.320 

.216666 

.367 

551673 

•394 

587499 

.431 

.32.3919 

.46S 

.3t)0721 

.321 

.217600 

.358 

.26263.' 

•395 

.288476 

.432 

.324909 

.469 

.:16I719 

.322 

2218534 

.359 

553;>91 

•396 

.289454 

.433 

525900 

,470 

362717 

.323 

.219469 

.360 

.254551 

•397 

.2904:12 

.434 

.326891 

.471 

.:i6:i716 

.324 

.220404 

.361 

.265511 

•398 

.291411 

.4.36 

.327883 

.472 

..364714 

.326 

.221341 

.362 

566472 

•399 

.292.390 

4:16 

.328874 

.473 

.365712 

.326 

.222278 

.363 

.267433 

400 

.293.370 

.437 

.32986h 

.474 

566711 

.327 

.223216 

.364 

.26S39.T 

•401 

.294:150 

.438 

.330858 

.476 

.367710 

.328 

,224154 

.365 

.259358 

•402 

.296;i:i0 

.439 

.331861 

.476 

.:ih8708 

*329 

.22r)091 

.366 

560321 

•403 

.296311 

.440 

.332843 

.477 

569707 

.830 

.226034 

367 

.261285 

404 

597292 

441 

.333836 

.478 

.370706 

.331 

.226974 

.368 

.262249 

•405 

.298274 

.442 

.334829 

.479 

.371706 

JB32 

.227916 

.369 

.263214 

■406 

.299266 

443 

.3:15823 

.480 

.372704 

*333 

.228858 

.370 

.264179 

•407 

.300238 

444 

.336816 

.481 

573704 

.334 

.229801 

371 1 

I 566145 

408 

i 501221 

.445 

.337810 

.482 1 

.374703 

.335 

.230745 

.372 

.266111 

•409 

502204 

.446 

.3:18804 

.488 ! 

.375702 

J336 

.231689 

.373 1 

1 .267078 

410 

.303187 

447 

.339799 

.484 

.;176702 

.337 

,232634 

.374 

; .26^04* 

411 

504171 

448 

.340793 

.486 

577701 

.338 

.233580 

.376 

.269014 

•412 

505166 

.449 

541788 

.486) 

.378701 

*339 

.234526 

.376 

.269982 

413 

506140 

.450 

.342783 

.487 

.379701 

*340 

.235473 

.377 

570961 

414 

507126 

.451 ! 

.343778 

.488 

.380700 

.341 

.236421 

.378 

.271921 

: 415 

508110 

.462 

.344778 

.480 

.381700 

.842 

.237369 

.379 

.272891 

1 416 

50909e 

.4r5 

.345768 

.490 

.382700 

.343 

.238319 

.380 

573861 

417 

510082 

.454 

.346701 

.491 

.383700 

.344 

.239268 

.881 

.274832 

1 418 

511088 

.466 

.347760 

.492 

384699 

.343 

.240219 

.382 

.275804 

1 -419 

5120,')5 

456 

.348756 

.493 

..385699 

.346 

,241170 

383 , 

576776 

•420 

513042 

.457 i 

.349752 

.494 

.386699 

.347 

.2421 -'2 

.384 1 

.277748 

1 .421 

.314029 

458 1 

.350749 

.495 

387699 

.848 

.243074 

.385 

.278721 

! .422 

.315017 

.4.59 

.361745 

.496 

.:i88609 

.349 

,244027 

.386 

.279695 

.423 

.31600.3 

.460 

352742 

.497 

.389699 

.360 

,244980 

i .387 1 

.280669 

1 .424 

.:tl6993 

.461 

.353739 

. 49 s 1 .390699 

.351 

.2459:15 

! .388 1 

,281643 

i .425 

.:in98l 

.462 

..354736 

.499 

.391699 

.352 

.246890 

.389 

.282618 

,426 

.:il8970 

.46:1 

.355733 

.600 

.392699 


THE ELUPSE 



The ellipse* Fig 1, A It A' It', i.s the curve formed by the inter- 
ition of a piano with the curved Kurface of a cone or cylinder 
ru which it passes completely and without cut ting its base. The 
me, “ellipse”, is applied al.so to the plane fit/vrr enclosed by said 
rve, which curve Is then called the clrcumfi'rence or periphery of 
i ellipse. When the cutting plane is perpendicular to the axis 
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of the solid (c = 0), the ellipse is a circle. When the plane touches 
the side of the solid (c = 1), the ellipse is a straight line. 

A diameter. Figs 2 and 3, is any chord passing thru the center, 
O. Each diam is bisected at the center. An axis, A A' or B B', is 
a diam dividing the figure symmetrically. The major axis passes 
thru the foci, Fj F', Fig 3. The vertices, A, A!, B, B', are the ex- 
tremities of the axes. 


Figs 2-4. 0 = 

o = 

h = 

Fig 2. i/.i/' = 

X = 

x' = 

Fig 3. F, F' = 

2 c = 

V = 

P = 

L - 

Fig 4 r, r' = 


the center of the ellipse ; 

0 .4 = O A* — the major or transverse 

semi-axis ; 

OB = O B’ — the minor or conjugate 

semi-axis ; 

V V, V' U' ' = the ordinate over a point, 

1’, V\ in an axis ; 

O Y = the distance of j/ from the center, 0 ; 
A’ V = a — X =r dist of y from the ver- 
tex, A' ; 

the foci of the ellipse ; 

OF =r O F' =- ae 

(list from center, O, to either focus ; 

FF' = the focal dis tance ; 

c/a = ■>/(«* — ?»*)/«” = the eccentricity ; 

F'U z= the ordinate over either focus : 

V 1 1 ' = 2 V = parameter or latus rectum ; 

A B A'B'A — the cireumference or periphery: 
focal radii or radius vectors = dists, F G, 
F'G ; or F A, F'K : 

the angles. G F A', G F'A ; or if F A', KF'A : 
the area of the ellipse ; 


Kquations. Fiir 2 

(a) Origin (►f co-ordinates at cen, O : x — 0 V; y z=. V Jj. 
(.r"/a^) -f (i/-760 =r 1 ; whence 


® ± ( (i/h ) \ b- — y = ± { h/a ) \ a- — x- ( 1 ) 

= (o + j*) (a — b-/o- (2) 

(b) Origin taken at a vertex, A', of major axis, .4 A' ; x' = .I'F. 
Here, in Eq 1, a* =: a — x' ; y z= ± jb/ a) ^2ax ' — x'‘ 

X’ — a — X = 0 -+ {a/h) Sb" — t3» 

Ordlnatea. : yiV.TM' — IF ■ : 

YU^ : Y'U'^ = AV.YA' : AVWW (4) 

Foel. Fig 4. The normal, P X, to a tangent, T T, tlmi any 

point, K, in an ellipse, bise<*ts the angle. FKF', betw the focal radii, 

KF and KF', of the point K. Hence, a ray (as of light), emitted 
from either focus, is reflected hack to the other. The bisectors, PX, 
give the positions of the Jointa in an elliptic arch, and enable us 
to driivv a tangent, 7T, (at right-angles to the bisector) at any 
point in the ellipse. 

Fig 3 Let K and B be any two pidnts in the ellipse. Then 
KF -f KF' = BF BF' = major axis, .1.1' = 2a ..(5) 
Or, the ellipse is the locus of a point, the sum of whose distances 
from two lixt points is constant and equai to the major axis. 

Hence, to locate the focit from either end, as 71, of the minor 
axis, lay off BF and BF', each =: a, to the major axis, AA'. 

To draw an ellipse, Fig 4, having A A' and BB' ; (a) Place a 

pin in each focus, located as above. I’repare a string.FAF' or FGF', 
with a loop at each end (length of string, from end to end of loops, 
= 2o), and place a loop over each pin.^ Then a pencil, beginning 

as at K, and keeping the string con.stantly and equally stretched, 
will describe the ellipse, K 0 B A B'A'K. But the string may stretch 
onconnilv. Hence: — 
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Fig. 4 Fig. 7 


(b) On a graduated straight-edge, M-a, take M-a = a, and M-b 
= b. Then, in whatever position the straight-edge Is placed, keep- 
ing b on AA', and a on B[i\ M wdli be in the ellipse. 

The ellipsograph (elliptic compasses) employs this principle. 

(c) From F and from F', with any radius, K, less than AF', 
describe four short arcs, <] q y q : and, with rad == 2a — It, four 
other arcs, iiii . The intersections of these pairs of arcs are points 
in the ellipse. Find other .such points by choosing other radii. 

Keeentrlclty, e = c/a = “Vto* — h'^)/a- (B) 

a (1 - cO a (1 - c®) 

Polar equation t — r r: ; r' ~ .(7) 

1 — c cos 6 1 — c cos F 

The directrix, EV, is a line such that, for any point, G. in the 
ellipse, distant p from EC, and with focal radius r' =r F'G, we 

h&va r'/y = c (8) 

Parameter. Fig 3. For the ordinate, V =: F'U, over a focus, 
F', we have x- = OF''^ = F'U^ — OIF — — b"\ and (eq 1) ; — 

V =r bVfl (9) 

Parameter, XJIV = 2y = 2\F/a ~ 2(Ic — 2fl(l — c®) ..(10) 
where d = distance from focus to directrix. 

Periphery or Clreumferenee. Ix*t (c®)/4 — “H" ; 

(3 C716) X 11 = “III”; (locV30) X III = ‘TV’’; 

(3.'5e®/e4) XIV = ••V". etc. Then — 

L ~ 2ira (unity — II — III — IV — v — etc) (11) 

where ( — ID/unity = ( — cV4)/( -f- 1) = 

( - III)/( _ in - ( . ptp. 

Note that, in any given ellipse, c- is constant, and that, in the 
fractions, ( - Vj, Vi«. 'Vao, etc, we have:— 

Numerators, (35-15) - (15- 3) r= (15- 3) - (3 1) = 8 

Denomlnatons, (04-36) - (.36-10) =: (30- 10) - (10- 4) 

= (16- 4) - (4 - 0) = 8 

Denora-Num, (04-35) - (.30-15) = (,30-1.5) - (16- 3) 

= (16- 3) _ (4- -1) = 8 

Or, eq (11) may be written thus: — 

L = 2ira{l— A e* — Be*~Oe* — De>^ — etc) (12) 


1 

Where A = - 
1 



C = l| 

5 ' 

nxsxay n 

U X 4 X 0/ 2.56 


«=i( 

/I X3y_ 

.3 

1 

D ~- 

^1 X 3 X 5 X 7 \» 

175 

3 ' 

U X 4/ 


7 

\2X4X6X8/’” 

16384 
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d 




FiS‘ 5 Fig. 6 


Approximately: — (from Sir Thomas Muir. F U. S.) 

TT / a h 0 a h 

L = -. ( 21 — 2 ^ah 

^ \ — o -f- 

For an ellipse where a — 10 and h = 5, 

eq (11) jjives L = 48.4422 after deducting terra “XXIV”: 
eq (1,3) gives L = 48.4420 = 1.000008 X 48.4422 



(IS) 


Aren of elllpNC, 

8 = VtTo^ tt 6® = rah 

= r 0 '^ {h/a) = (area of circle of rad a) X (&/«) ..(14) 

Radio H, R, of eirclc whose area r= area, 8, of ellipse, 

R = (15) 

Area> 8fi, of an elliptic xeisrinent whose base Is parallel to either 
axis Divide lieight of segment by that axis of which said height 
is a part. Find the quotient under R, in the table of circular seg- 
ments, pp 187-8, and take out the corresponding A. Then 

88 = 2tt X 2b X A = 4 a b .4 (16) 

The area of an eiiiptic neixment included between two 
chorda, e.ach parallel to either axis, is the diff betw the areas of 
two segments, each found as above. 

To draw an oval, or falne ellipHC. Fig .5. When only the long 
diam, ah, is given, uud when span must not exceed about 3 X co. 
On nb, with any radius, R, describe two eciual intersecting circles. 
Thru their intersections, 8 and v, draw c(/. Make Hy = re = 2 R. 
Thru the cens of the circles draw cy, eh, yd and yt. From c, 
describe arc hip; and, from g, describe dot. , 

Fig G. When the span, mn, and the rise, st, are given. Lay off 
any tir :md mr, equal and each less than at. Draw and bisect rtc, 
and, thru its cen, o, draw the i)erpendicular, yoi. Draw yrz. Make 
nx ~ mr, and draw yxb. Prom w and from r, describe the arcs, 
nc and nia; and from j/ describe the arc ate. Making ad = sy, 
we find the cen, d, for the other half of the oval. The shape of 
the curve depends upon what portion of al is taken for mr and fto. 
Very flat ovals require more than four cens ; and the finding of these 
cens is quite as troublesome as drawing a true ellipse. 

Fig 7. On a given line, aa or df, to draw a ,«cynin” or «OKee»», 
ac8 or def. The cyma recta, aca, is concave above ; the cyma 
reversa, def, is concave below. 

Bisect aa in c. B'rom a, c and a, with radius = (aa)/2 = ac 
= ca, draw the four small arcs at o and o. The Intersections, o 
and 0 , are the cens for drawing the cyma, with the same radius. 
For def, rad = (df)/2 = Je = cj. 
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THE PARABOLA^ 

b 


o a c 

Fig.l. Fig. 2. 

The common or conic parabola, 

» b c, Fig 1, li k nurve formed b; cutting a cone in n direction b a, parallel to its side. Thl 
lurved line o & e itself is called tbepenmeter of the parabola ; the line o c is culled its base ; b a iti 
leigbt or axis ; b its apex or vertex ; any line e s, or o a. Fig It, drawn from the curve, to, and at right 
ingles to, the axis, is an ordinate ; and the part a b, or a b, of the axis, between the ordinate and the 
ipex b, is an abscissa. The /octts of a parabola U that point in the axis, where the abscissa b s, is 
e(.)iiul to one-half of the ord e a. The dist from apex to focus, called the focal diet, is found thus 
iquare any md, as o a; div this square bt ihc abscissa b a of that ord; div the quol bv 4. The 
lature of the ],arabola is such that its abscissas, as b s, b a, &o, are to each other as, or In proportion 
;o. the squares of iheir respect! veorda r s, oa, &o; that is, as 6s ; ba es2 : oa^; or bs : esZ 6a: 
>at. If the square of any ord be divided by its abscissa, the quot will be a constant quantity ; that 
M, it will be equal to the square of any other ord divided by ita absoiasa. This quot or constant quan- 
tity is also equal to a certain quantity called the parameter of tbe parabola. Therefore the parameter 
nay be found by squaring e s, or o a, (ane-kalf of the base,) and dividing said square by the height 
k s, or 6 a, as the case may be If the square of any ord be divided by tbe parameter, the quot wiF 
be the abscissa of that ord 




To find the length of a parabolic curve. 

The approximate rule glveu by various pocket-books, is as follows ’ 

Length = 2 X hase)2 + times the (Heightt) 


/ 

/ 



Where the height docs not exceed I -10th of the base, this rule may, for practioa 
purposes, be called exact. With hl= ^ base, it gives about per cent to< 
much; ht = base, anoiii 3H percent; ht= base, alaiut pur cent; bt = 
twice the hue, about 13^ per cent ; b(= 10 X base, or more, about 15H par oeat 
The follotrlnii; by the writer It eerreet 

within perhaps I pan in 800 in all oases ; aud will 
Ibercfoic answer for many purposes. 

Let ad b. Fig 3, or n a d, Fig i, be tbe parabola, 
in which are ^ven tbe base a 6 or n d ; and tbe 
height c d or c a. Imagine the complete flg a d 6 s, 
I d orn a d 6, to be drawn ; and in ett/irr case, assume 

‘ T' its lonp diain a 6 to be the chord or base , and one- 

1 half tbe short dism, or c d, to be the height, of a 

dA j.— circular arc Find the length of ibis circular arc, 

X iC by means of the rqle aud table gljen for that pur- 

j pose. Then div the chord or bale a 6, orn d of 

— J— the parabola, by its height c d or c u liook for 
* the quot in the column of bases in the following 

3, table, aud take from the table tbe corresponding 

' multiplier. 61 ult the length of tbe circular arc by 

this ; the prod will be tbe length of arc a d 6, or 
n a d, as the case may be For bases of parabolas 
less than 05 of tbe height, or greater than 10 times 
tbe height, the multiplier is 1, and is very approx- 



imate; or in other words, tbs parabola will be 
of almost exactly tbe same length as tbe circular 

To find the area of a parabola manb. 

Mult its base mn, Fig 5, by its height ab; and take ^ds of the prod 
The ares of any segment, as u 6 v, whose base u v is panillel to mn, is 
found in tbe ssme way, using u v and s 6, instead of m n and a 6. 

To find the area of a parabolic xone. or frna< 
turn, aH iH n u r. 

Rut* I. First And by the preceding rule the area of the whole parabell 
m6n; then that of tbe segment u6v; and subtract tbe last from the 
first. 

Ritlx 2. From the eube of m n, take the oube of w « ; ealt the did f. 


From the square of m n, take tbe square of « t< ; call the did a. Div e b) 
a. Mult the quot by ^ds of tbe height a s. 


Fig. 6. 
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FiS‘ 5 Fig. 6 


Approximately: — (from Sir Thomas Muir. F U. S.) 

TT / a h 0 a h 

L = -. ( 21 — 2 ^ah 

^ \ — o -f- 

For an ellipse where a — 10 and h = 5, 

eq (11) jjives L = 48.4422 after deducting terra “XXIV”: 
eq (1,3) gives L = 48.4420 = 1.000008 X 48.4422 



(IS) 


Aren of elllpNC, 

8 = VtTo^ tt 6® = rah 

= r 0 '^ {h/a) = (area of circle of rad a) X (&/«) ..(14) 

Radio H, R, of eirclc whose area r= area, 8, of ellipse, 

R = (15) 

Area> 8fi, of an elliptic xeisrinent whose base Is parallel to either 
axis Divide lieight of segment by that axis of which said height 
is a part. Find the quotient under R, in the table of circular seg- 
ments, pp 187-8, and take out the corresponding A. Then 

88 = 2tt X 2b X A = 4 a b .4 (16) 

The area of an eiiiptic neixment included between two 
chorda, e.ach parallel to either axis, is the diff betw the areas of 
two segments, each found as above. 

To draw an oval, or falne ellipHC. Fig .5. When only the long 
diam, ah, is given, uud when span must not exceed about 3 X co. 
On nb, with any radius, R, describe two eciual intersecting circles. 
Thru their intersections, 8 and v, draw c(/. Make Hy = re = 2 R. 
Thru the cens of the circles draw cy, eh, yd and yt. From c, 
describe arc hip; and, from g, describe dot. , 

Fig G. When the span, mn, and the rise, st, are given. Lay off 
any tir :md mr, equal and each less than at. Draw and bisect rtc, 
and, thru its cen, o, draw the i)erpendicular, yoi. Draw yrz. Make 
nx ~ mr, and draw yxb. Prom w and from r, describe the arcs, 
nc and nia; and from j/ describe the arc ate. Making ad = sy, 
we find the cen, d, for the other half of the oval. The shape of 
the curve depends upon what portion of al is taken for mr and fto. 
Very flat ovals require more than four cens ; and the finding of these 
cens is quite as troublesome as drawing a true ellipse. 

Fig 7. On a given line, aa or df, to draw a ,«cynin” or «OKee»», 
ac8 or def. The cyma recta, aca, is concave above ; the cyma 
reversa, def, is concave below. 

Bisect aa in c. B'rom a, c and a, with radius = (aa)/2 = ac 
= ca, draw the four small arcs at o and o. The Intersections, o 
and 0 , are the cens for drawing the cyma, with the same radius. 
For def, rad = (df)/2 = Je = cj. 
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The Cycloid, 

acb, is the curre described by a point a in the circumference of a circle, 
a n, during one conipl^te revolution of the circle, rolled along a straight line 
ab; which is called the base of the 
cycloid. 

The vertex of the cycloid is at c. 
Base, ab,~ circumference of geuei aU 
ing circle « u 

= diinneter, cJ, of generat- 
ing circleXir = .t.l416cd. 
Axis, or heig;ht, cd — an. 
Lengjfth, acb, — 4cd. 

Area, acbd- :ix area of generating circle, a n 

= = c/12 X > --= r(/2 X 2.;i5G2. 

4 

Center of g^ravlty of sm/ace at g. e g ^ e d. Center of gravity ol 

tycloid (curved line acb) in axis c d at a point (as s) distant \ cd from c. 

To draw a tansreiit, eo, from any point s in a cycloid ; draw e s at right 
angles to the axis c d ; on ed describe the generating circle dr/; joint c; from 
e draw e o parallel to / e. The cycloid is the eiirve of quiekest descent ; 
so that a bodv would fall from’ ft to r along the curve hm c, in less time than 
along the inclined plane ft i c, or any other line. 



SOIil.BS. 

THE REOEEAR RORIE19. 

A regrular body, or regular polyhedron, is one which has all its 

Bides, and its solid angles, respectively similar and equal to each other. There 
are but five such bodies, as follows : 


Name. 

Bounded by 

Surface 

(-sum of surfaces 
of all the faces). 

Multiply the square 
of the length of 
one edge by 

Volume. 

Multiply the 
cube of the 
length of one 
edge by 

Tetrahedron 

..... 4 equilateial triangles. 

1.7320 

.1178 

Hexahedron or cube 6 suuaies. 

6. 

1. 

Octahedron 

.... 8 equilateral triangles. 

3.4641 

.4714 

Dodecahedron 

.... 12 “ pentagons. 

20.6458 

7.6631 

Icosahedron 

,...20 “ triangles. 

8.6602 

2.1817 


Goldinas’ Theorem. To find 
Fig. A. Fig. B. 



If the revolution is Incomplete, 

complete . incomplete . . 
revolution ' revolution * * 


the volume of any body fas the 

irregular mass « ft c m. Fig A, or the ring 
abcm, Fig B), generated by a complete 
or pauial revolution of any figure (as 
oftco) around one of its sides (as «c, 
Fig A), or around any other axis (as 
*y,FigB). 

vofnme = surface nbcny length 
of are described by its center of grav- 
ity (}. * 

If the revolution is complete, the arc 
described is = circumference = radius 
0 G* X 2ir = radius o (1* X 6.283186 ; and 
Volume —surface nftca X radius 
oG*X 6.288186. 

circumference , arc 
found as above ’ described 


« Measured periiendlcularly to the axis of revolution. 
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PARALIiEl^OPIPEDS. 



Fig. 1. Fig. 2. Fig. 3. Fig 4. 


A parallelopiped is any solid contained within six sides, all of which are 
parallelograms ; and those *>f each opposite pair, parallel to each other. We 
show hut four of them ; corresponding to the four paralh lograms; namely, the 
cuhf, Fig 1, which has all its sides equal squares, and all its angles right angles: 
the nff/tl rectamjufar prmn. Fig 2, has all its angles right angles, each pair of 
opposite IrtCco equal, but not all of its faces equal ; the Rhomhohedron, Fig 3, 
which has all its sides equal rhombuses, and which, like the rhombus, p 157, is 
sometimes called “ rhomb ’’ ; the Rhombic prism. Fig 4 ; its faces, rhombuses, or 
rhomboids, ca^ h pair of opposite faces equal, but not all its faces equal. All 
narallelopipeds are prisms. 

Yoliinio of any aieaof any face, ^ distance, p, 

parall«lo|>lped as ^ to the opposite face. 


Volume of a cube 


= cube of length of one edge, 

= 1.909859 X volume of inscribed sphere, 
= 1.27324 X “ “ cylinder, 


= 3.81972 X cone. 


Diagonal of a cube : 


: diameter of circumscribing sphere, 

1 1.7320508 X length of one edge of cube. 



5 


PRISMS. 



A pri.sm is any solid whose 
twoenfiv are parallel, similar, 
)) and equal ; and whose tides 
: ai-e /Htraflelograms, as Figs 5 
to 10. Consequently the fore- 
p going |iarallelopii>ed8 are 
^ prisms .\ j/f/A/ prism is one 
whose sides are perpendic- 
ular to its ends as 5, 6, 7 *, 
W'hen not so, the prism is 
obhgiip, as S. 9, 10. When all 
tho sides of the figures which 


form the ends are equal, and the angles included between those sides are alsu 
equal, the prism is said to be regular : otherwise, irregular. 


Volume of any prlam (whether regular or irregular, right or oblique) 
«= area of one end X per/iendmilar distnnee, to the other end, 

■* area of cross section jicrpendicular to the sides X actual length, a b, Figs 
5 to 10, 

■■ 3 X volume of pyramid whose base and height are = those of the prism* 


To And the volume of any IVnatum 
of any priam. 

Whose cross section, perpendicular te its sides, 
is either any triangle', any parallelogram; a 
square, (as in Fig loT^) or a regular poly^n of 
any number of sides; no matter how the two 
ends of the frustum may be inclined with regard 
to each other ; or whether one, or neither of 
them, is parallel to the base of the original 
prism. 



Volume 
of frustum 


sum of lengths of parallel edges, 
1 1 +0-1-88 -I- '4 '4 
number of such edges 
(4 in Fig 10^) 


Fig8.10i4. 

area of cross section 
perpendicular 
to such edges. 
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This rule may be used for ascertaintne beforehand, the auantity of earth to 
be removed from a “ borrow pit." The irregular surface oi the ground is first 
Staked out in squares; (the tapc-lme being stretched homontallu, ^hen nieas* 
uring off their sides). These squares should be of such 
® a size that without material error each of them may be 

A considered to be a plane surface, either horizontal or iii- 

• \ dined. The depth of the horizontal bottom of the pit 
■ \ being determined on, and the levels being taken at every 
/' • corner of the squares, we are thereby furnislied with the 

^1 ^ lengths of the four parallel vertical edges of each of the 

resulting frustums of earth. In Figs 10)4, y maj be su - 
Fig. lOj^. posed to represent one of these frustums. 

If the frustum is that of an irregnlar t-sided, or polyg- 
onal prism, first divide its cross section peri)eudicular to its .sides, iiito tri- 
angles, by lines drawn from any one of its angles, as 0, Fig 10’4 ( alciilate 
. ar-^a of each of these tiianglca 'separatel) , then consider the entire frustum to 
p.. be made up of so many tn.mgular ones ; (alculatc the \olume 

VcX of each of these by the preceding rule for triangular inistums; 

\V\ and add them together, for the volume of the entire frustum. 

\ ^ Volume of any friiHf urn of any prinm, 

\ m ^ cylinder. Consider eitherend tobe ihe ba.se ; and find i1« 

-■ ym area. Also find .he ci nter of gravity c of the other end. and the 

^ pn'jx'.ndicultii dvsta nee >/ c, from .he base to. siiid center ot gravity. 
Fig. 10%. Then ^'olnmo of friiHtiini - aiea of l)ii.se Xu c, Fig J'0%^ 
The slant end, c, is an ellipse. Its area is greater than that ol the circular en I 
Surface of any prinm. Figs 5 to 10, whether riglit or oblique, regular 
or irregular 

^ / circunifercnce measured y „i,\ , sum of the areas 

Vperppudicular to the.side.s length, ^ 

€ylini>i:kk. 

O b A cylindei i.s any .‘-olnl wlioop ends are 

similar, and pi|nitl rinml figures; 
/ // and who.s<‘ scctioii.s jiarallel to the ends 

. / /I are everywhere the same a.s the ends. 

/ 'j, Hence there are circular cylind rs.ellip. 

" fie cylinders 'or cyi ndroids) >nd many 
/ ' • yo othei8;hut when not otherwi.seexpressed, 

/ / the circular one i,s understood Aright 

a/ / cylinder is one wlv se ends are perpen- 

^ Z dieularto its sides, as Fig 11 ; when oti.er- 

Fig. 11. Fig. 12. wise, it k uUique. a-s I'ig 12. If the ends 

, of a right circular cylinder be cut so as to 

make it oblique, it becomes an elliptic one; because then both its ends and all 
seel ions paralb‘1 to them, are ellipses An ohlitjue circular cylinder’ seldom 
occurs ; it may b" conceived of by imagining the two ends of Fig 12 to be circles, 
united by straight lines forming its cm ved sides ^ 

A cylinder is a prism having an infinite number of sides. 

V«lam^ of any cylinder ( whether circular or el liptic, Ac, right or oblique 
area of one end y pf-rmndiaiUtr distance, p, to the other end, 

^ / area of cross section , , 

1 mesBured perp to the sides ^ *®*”*** length, a h. Figs 1 1 and 12, 

3 X volume of a cone whose base and height are -- those of the cvlinder. 
aiarracf' of any cylinder (whether circular or elliptic, Ac, right or ohliouel 

( circumference \ T 

mea.sure<l jierjiendicularly X actual length, a b 1 
to the sides, as at CO, Fig 12, / ^ of the two ends. 


" of the two ends. 


Rifi;ht circular cylinder wlioae height = diameter. 

Volume “ U y volume of in.scribed sphere. 

Curved surface = surface of inscribed sphere. 

Area of one end = J surface of in»cril*ed sphere «= ^ curved surface. 

Entire surface = IJ X surface of inscribed sphere = IJ X curved surface. 
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Content!* for one foot Inilensth, in Cub Ft, and in TJ. S, Gallons ol 

131 oul) Ins, or 7 4ft05 Galls to a Cuh Ft. A onb ftof wstor weighs about 62J< lbs ; and a galloi 
about lbs Ulitms 2. 8, or 10 times as great, give 4, 9, or 100 times tbe oontent. 


Diara. 

las 


For 1 ft. iu 
length. 


Dlam. 
iu deci- 
mals of 
afoot. 

For 1 ft in 
length. 

Diam. 

in 

Ins. 


For I ft in 
length. 

la dtioi 
amis of 
a fCfOt. 

Cub. Feet. 
Also area in 
sq. ft. 


la 

Ids. 

Cub. Feet. 
Also area in 
sq. ft. 

Gallons of 
2J1 Cub.lus. 

In deci- 
mals of 
a foot. 

Cub Feet 
Also area in 
sq.ft. 

Gallons of 
331 Cnb.Ina. 


0208 

.0003 

.0025 

% 

.5625 

.2486 

1 8.59 

19. 

1.583 

1.969 

14.7S 

ri-i« 

.0260 

.0005 

0010 


.5833 

.2673 

1 999 


1.6-25 

2.074 

15.51 


IWI.i 

.0008 

.0057 


6042 

.2867 

2.145 

20 

1.667 

2.182 

16.32 

7-16 

.0365 

0010 

.0078 

u 

.6250 

..306s 

2.295 


1.708 

2 292 

17.16 


0417 

.0014 

0102 


.64.58 

.3276 

2.450 

21. 

1.750 

2405 

17.9S 

» It 

.0469 

0017 

01-29 

8 

.6667 

.3491 

2.611 


1.792 

2.521 

18.8€ 


.0521 

(K)2! 

.0169 

^4 

.687.5 

.3712 

2.777 

22 

1.838 

2.640 

19 76 

n -16 

.0573 

002(. 

0193 

'A 

.7083 

.3941 

2.948 


1.876 

2.761 

20.66 


0625 

.tKl'il 

0-230 


.7-292 

.4176 

3125 

23. 

1.917 

2.885 

21.58 

i -il 

.0677 

.0036 

0269 

9 ^ 

.7500 

.4418 

3.305 


1.958 

3 012 

22.53 


.0729 

.0042 

0312 


7708 

.4667 

8 491 

24. 

2.000 

3.142 

2:$.5C 


.0781 

.0018 

.03.59 

A 

.791" 

.4922 

3.682 

25. 

2.083 

8.409 

26.5C 

i 

0833 

.0055 

.0408 


.81-25 

.5185 

3.879 

26. 

2.167 

3.687 

27.58 


.1042 

.0085 

.0638 

10. 

.8333 

.5454 

408) 

27. 

2.250 

3.976 

29.74 


.1250 

.01-23 

.0918 


1 8542 

.5730 

4 286 

28. 

2,333 

4 276 

31.9S 

14-.8 

.0167 

.1249 

A 

.87.50 

.6013 

4.49S 

29. 

2.417 

4.587 

34 31 

2 

.1667 

.0218 

16.32 

% 

1 8958 

.6.303 

4.716 

30 

2.600 

4.909 

:$6 72 

'i 

.1875 

0 '76 

.2()6<i 

n. 

i .9167 

.6600 

4 9,37 

31 

2 583 

6.241 

39 21 

H 

2083 

.0341 

25.50 

.9375 

.690:$ 

5164 

32. 

2.667 

5 585 

41 .78 


2292 

0412 

.3085 

A 

9583 

.7213 

bm 

.33, 

2.750 

5.940 

44 43 


.2500 

.0491 

.3672 


.979-2 

7.530 

5.63.$ 

.34. 

2 833 

6.;$05 

47.K 

u 

2708 

0578 

.4.309 

12. 

1 Foot. 

78.54 

5.875 

35 

2.017 

6.681 

49.08 


.2917 

0668 

.4998 

U 1.042 

.8122 

6..375 

36. 

3000 

7.069 

62.88 


.3125 

' 0767 

.57.38 

13.' 

1 083 

9218 

6.895 

.37. 

3.083 

7.467 

56.8t 

4. ^ 


1 0873 

.6628 

U 1.125 

,9940 

7.436 

:$8. 

3.167 

7.876 

58 92 


3542 

O' '85 

.7369 

14." 

1 167 

1.069 i 

7.997 

.39. 

3 250 

8 296 

62.06 

K 

3750 

1104 

,8-263 

208 

1.147 

8 ,578 

40, 

3.333 

8.727 

65.28 

€ 

39.58 

12.31 

.9206 

15. 

1 2.50 

1.227 

9.180 

41. 

3.417 

9.168 

68,58 

5. 

.4167 

.1364 

1.020 

1.292 

i.:3io 

9 801 

42 

3.500 

9.621 

71.97 


.4.375 

.1.503 

1.126 

16. 

1.333 

l.:$96 10.44 

4.3. 

:i 583 

10.085 

75.44 


.458.3 

.1650 

1 234 

U 1.375 

1485 mil 

44. 

3.667 

10.569 

78.9S 


.4792 

.1803 

l.:i49 

17. 11.417 

1576 

11.79 

45 

3.750 

11.045 

82.62 

6. 

.5000 

.1963 

1.469 

{41.458 

1670 

12 49 

46. 

3 8.3:$ 

11.541 

86.83 

14 

..5208 

.2131 

1..594 

18.-- 

1.500 

1767 11.3 22 

47 

3 917 

12.048 

90.13 


..5417 

.2304 

1724 

i^:i.542 

1 

1867 

13.9t> 

48. 

4.000 1 

12.566 

94.(X 


Table continued, but with the diams in feet. 


iMani 

Feet. 

Cub 

Feet. 

u. s. 

Galls. 

Uiam. 

Feet 

Cub. 

Feet. 

U. 8. 
Galls. 

1 Die i 
Feet 

Cub. 

Feet. 

u a. 

Galls. 

Dia. 

Feet 

Cub. 

Feet. 

U. g 
Gall 

4 

12 67 

94.0 

7 

38.48 

287.9 

12 i 

n:$.i 

846.0 

24 

452.4 

S3i 

% 

14.19 

106.1 


41.28 

308.8 

i:$ ; 

i:$2.7 

992.9 

26 

490.9 

36^ 

A 

15.90 

119.0 

3 

44.18 

330.5 

14 

153.9 

1152. 

26 

530.9 

391 


17.72 

132.6 


47.17 

352.9 

15 

176.7 

13122. 

27 

672.6 

421 

6 

19.63 

146.9 

8 

50.27 

:$76.0 

16 

201.1 

1504. 

28 

615.8 

m 


21.65 

161.9 


66.75 

424.5 

17 

227.0 

1698. 

29 

660.6 

49' 

A 

23.76 

177.7 

9 

631.62 

475.9 

18 

254.6 

1904. 

30 

706.9 

521 


26.97 

194.2 

14 

70.88 

530.2 

19 

283.6 

2121. 

31 

754.8 

66- 

6 

28.27 

211.5 

10 

78.64 

687.5 

20 

314.2 

2350. 

312 

804.2 

6o; 


:$0.68 

229.6 

K 

8it69 

647,7 

21 

346.4 

2591. 

33 

855.3 

63j 

U 

:$:$.18 

248.2 

11 

95.03 

710.9 

22 

380.1 

2844. 

34 

907.9 

67! 


35.78 

267.7 

A. 

103.87 

777.0 

23$ 

415.6 

3108. 

35 

962.1 

71! 
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CONTENTS AND MNINGS OF WELLS. 


CONTENTS AND EINfNOS OF WELLS. 

For diuns twice as great na those in the table, for the cub yds of digging, UVe out those opposite 
one fcoi/ of the greater diam ; and mult them by 4. Thus, foi the cub yds in each foot of depth of a 
well HI feet in diam, first take out from the table those opposite the diam ot 15!ii feet; namely, fi.DHfi. 
Then 6.9«a X 4 = 27 aSti cub yds reqd for the 31 ft diam. But for the stone lining or walling, bricks 
or plastering, mult the tabular quantity opposite half the greater diam, by 2. Thus, the perches of 
stone walling for each foot of depth of a well of 31 ft diam, will be 2.07.1 X 2 = 4.140. If the wall is 
more or less than one foot thick, within usual moderate limiU, it will generally lie near enough for 
practice to assume that the number of perches, or of brioks, will increase oi decrease in the same pro- 
portion. 

The size of the bricks is taken at 8)^ X 4 X 2 inebes; apd to be laid dry, or without mortar. Ic 
practice an addition of about 5 per cent should be made for waste. The brick lining is supposed to 
be 1 brick thick, or ins. 

CAUTION. — Be careful to olaerve that the diaras to be used for the digging, 

are greater than those for the walling, bricks, or plastering. No errors. 


Diam. 

in 

Feet 

For each fo 

ot of depth. 

e three cols use the 
clear uf the lining. 


For each foot of depth. 

For this 
col use the 

For the 
diam in 

For this 

For these three cols use the 
diam in clear of the lining. 

of the 
Digging. 

Stone 
Lining 
1ft thick. 
Perches of 
25 Cub Ft. 

No. ot 
Bricks in 
a Lining 

1 Brick 
thick. 

Square 
Yards of 
Plaster, 
lug 

in 

Feet. 

of the 
lliRglog. 

Stone 

Lining 

1 ft thick 
Perches of 
26 Cob Ft 

No. of 
Bricks in 
a Lining 

1 Brick 
thick. 

Square 
Yards 
of Plas. 
tcring. 

Cub Tda. 
of 

Digging. 

Cub Yds. 
of 

Digging, 

1 

.02«l 

.2.513 

57 

.8491 


107 

1 791 

750 

4 625 


.0455 

.2827 

71 

.4.364 

H 

5 301 

1 822 

764 

4 71.5 


.0054 

.8142 

85 

.5236 


5.500 

1.854 

778 

4 800 

H 

.0891 

.3456 

99 

.6109 

14. 

5.701 

1 885 

792 

4 887 

i. 

.1104 

.3770 

114 

.6984 


.5 907 

1.916 

806 

4 974 

H 

.1473 

.4084 

128 

.7855 

h 

6 116 

1 948 

820 

5 062 

H 

.1818 

,4398 

142 

.8727 


6.329 

1 979 

834 

5 149 

H 

.2200 

.4712 

156 

.9<i00 

15. 

6 545 

2 011 

849 

5.236 

s 

.2618 

.5027 

170 

1 047 


6.765 

2.042 

HW 

5,323 


3078 

.5.341 

184 

1 135 

h 

6.989 

2 073 

877 

5 411 

H 

.3563 

.5655 

198 

1.222 

% 

7.218 

2 105 

891 

5 498 

H 

.4091 

.5969 

212 

1.309 

16. 

7.447 

2 1.36 

905 

5 585 

4, 

.4654 

,6283 

227 

1.396 


7 681 

2.168 

919 

6 673 


.5254 

.6597 

241 

1.484 


7.919 

2.199 

933 

.5.760 


.5890 

.6912 

255 

1.571 


8161 

2.231 

948 

6.847 

H 

0563 

.7226 

269 

1.658 

17. 

8.407 

2.262 

962 

5 934 

b. 

.7272 

.7540 

283 

1.745 


8 656 

2 293 

976 

6 022 


.8018 

.7854 

297 

1.838 


8908 

2 325 

990 

6 109 


.8799 

.8168 

811 

1,920 

h 

9.ia5 

2.8f>6 

loot 

6.196 

H 

.9017 

.8482 

326 

2 007 

18. 

9 425 

2.388 

1018 

6.283 


1.047 

.8796 

340 

2 095 


9688 

2 419 

1032 

6 371 


1.136 

.9111 

854 

2.182 


9 956 

2.450 

1046 

6 458 


1 229 

.9425 

368 

2.269 

h 

10.23 

2 482 

1061 

6 545 

H 

1.325 

.9739 

382 

2.356 

19. 

10.50 

2.513 

1075 

6 633 

I. 

1.425 

1.005 

396 

2.444 

y* 

10.78 

2 545 

1089 

6 720 


1 629 

1.037 

410 

2.531 

H 

11 06 

2 .576 

1103 

6 807 


1 6,30 

1.068 

425 

2.618 

H 

11.35 

2 608 

HIT 

6 894 


1.747 

1.100 

439 

2.705 

20. 

11.64 

2.6.39 

1131 

6 982 

a 

1.862 

1.131 

453 

2.793 


11.93 

2.670 

1145 

7 069 


1.980 

1.162 

467 

2.880 

H 

12.22 

2 702 

1160 

7.156 

H 

2.102 

1.194 

481 

2 967 

H 

12 62 

2 733 

1174 

7 243 

H 

2.227 

1.225 

495 

3.054 

21. 

12 83 

2 765 

1188 

7 331 

9. 

2.3.56 

1,257 

609 

3.142 


13.14 

2 796 

1202 

7 418 

% 

2 489 

1 288 

52.3 

8.229 

h 

13 45 

2 827 

1216 

7.505 

H 

2.625 

1.319 

538 

8.316 

H 

13.76 

2.859 

1230 

7.593 


2.766 

1.351 

552 

8.404 

22. 

14.08 

2 890 

1244 

7 680 

It. 

2.909 

1 1.882 

566 

8.491 

y* 

14 40 

2 922 

1259 

7.767 


3.056 

1.414 

580 

3.678 

H 

14.73 

2 953 

1273 

7 854 


3.207 

1 445 

594 

8 665 

h 

15 06 

2 985 

1287 

7 942 

H 

3.862 

1.477 

608 

8.753 

23. 

15 39 

3 016 

1301 

8.029 

11. 

3.520 

1.508 

622 

8 840 

H 

15 72 

3.047 

1316 

8.116 

U 

3.682 

I 5.39 

a37 

3.927 

H 

16 06 

3.079 

1329 

8.203 


3.847 

1 571 

a« 

4.014 


16 41 

3 no 

1343 

8.291 


4.016 

1.602 

665 

4.102 

24, 1 

16.76 

3.142 

1.3.57 

8..I78 

12. 

4.189 

1.634 

G79 

4.189 

% 

17.11 

3 173 

1372 

8.465 

% 

i 4.865 

1.665 

693 

4.276 

H 

17.46 

3 204 

1.586 

8.652 

H 

4.545 

1.696 

707 

4.364 

H 

17.82 

3.236 

1400 

8.640 

• H 

4.729 

1,728 

721 

4.451 

25. 

18.18 

3.'267 

14U 

8.727 

18. 

4.916 

1.759 

788 

4.5.3.H 

A cnb yd 

= ao2i 

J. ipntls. 



CYLINDRIC UNGULAS, ETC. 
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CIRC17I.AB CYMNDBIC VNOlTIiAS. 

1. When the cutting plane does not cut the base. Figs 13, 14 



Volume^ = areaofbaseoflrX J^suiuof greatest A least perp heigh ts, o n, cjn, 
of >_ f area of cross sec measd w sura of greatest and least lengthSi 

ungula j (perp to sides, as 2 , ^ measd along the sides. 


Area of I 

vanned > = 

surface j 


circiunf measd perp 
to sides, as at z, 


w half sum of greatest and least lengths^ 
gm, 0 1, measd along the sides. 


Add areas of ends if required. 

For areas of nections perpendicular to the sides, see Circles. 
For areas of (sections oblique to the sides, see The Ellipsa 


11. When the cutting plane touches the base. Figs A to D. 



Volume 

(Trhether 
right or 
oblique) 


Curved 

surfhee 

{right 

tingnla 

only) 


Fig A «■ (%a6*— aoXareaodwfr of base) 

am mn 

Fig B =» % c i/* X »» «. [meas’d per; 

Fig C => a eX Brea admb of base) 

a m 

Fig D ^ area of circle ym X w» » 

» volume of cylinder xymn. 

Fig A (aft X my-^aeX length of arc dntb ) 

am 

Fig my X mn. 

Fig C =■ (ab X my + oc X length of arc dmb ) 

am 

Fig B ^ circumference of base m y X tn » 

— ^ curved surface of cylinder zp mm. 


17 





PYRAMIDS AND CONES. 
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FRlJNTlJMrN OF PYKAMIDN AlffD OF CONKN, 


Fij?. 6. Fi|p. 7. 

In ViKfi, 6 and 7. 

a -s area of top ; r = ciromuforenoe of top ; 

J = “ “ ItHKe; — “ “ base; 

M = “ “ secdou parallel to, and midway bolwceii, base and lop; 

A beiglit, pcrj) to top and base; .v = slant height.* 

In Fi^. 7, 

r = radius ol top; li = radius of base. 

VoInmcM. 

Friisf nni 4if‘ pyramid (Fig. fi) <»r «»i' <‘one (Fig. 7), regular or irreg* 
iilar, light or oblupn*, with base .i ml top |>aiallel. 

Toliime = (a 4- .1 + y'^u T) = ^ (« + .1 + AM). 

FriiMtnni oI rig'ht or obllqiio eircnlar 4‘onr. Fig. T. 

Yolnino = g "■ (i '** + A* * f r A’); ir == K Hlfi. 

Siirraoo arra of MidoM. (Add top and base, if requiied.) 

FriiMtnm of ri|t;ht re|trnlar pyramid or cone, 

top and base parallel, Figs. 6 and 7. 

Area - ^ (« + (')■* 

In the rif(;ht circular conic friiMtiini, this becomes: 

Area tt (r + /?) ;* W = 3.1416. 

FruMinm of irre§;ular or oblique pyramid; 

Area = sum of surfaces of sides. 

Kach side must be treated as a quadrilateral. 

Add areas of top and ba.se, if required. 




* In the pyramidal frustum, Fig. 6, s must be measd along the middle of ons 

of the Hdee, as shown, not along one of the edoes. 



202 


FBnSlIOIM. 


PRISHOIDS. 



A prttmoM is sometlmM deflnMI MftfoUd hating for its ends two paralte) 
plane figures, connected by other plane figures on which, and through every point 
af whicli. a straight line may be drawn one of the two parallel ends to the 
other. These connecting planes may be parallelograms or not, and parallel to each 
Other nr not. 

This definition \irould Include the cube and all other paralleloplpeds; 
the prism; the cylinder (considered as a prism having an infinite number of sides)} 
the pyramid and cone (In which one of the two parallel ends, i e the oue forming the 
apex, is considered to be infinitely small), and their frustums with top and Ittse 
parallel ; and the wedge. 

But the use of the term prismold is frequently restricted to slXHsided solidly 
In which the two parallel ends are unequal quadrangles ; and the conuectiug planes 
trapezoids; as in Figs. 1 and 2; and, by some writers, to cases where the parallel 
qu^rangnlar ends are rectangles. 

The following **prlsinoldal fbrmula** applies to all the foregoing aoUdib 
end to others, as noted below. 

Let A — the area of one of the two parallel ends 
a ** the other of the two parallel ends. 

M — « a cross section midway between, and paralM to^ tihs tut 

parallel ends. 

L — tbs perpendicular distance between the two parallel enda. 

Risn 

Volume — LX 

o 

— LX mean area of ero« section. 


The following lix figures repreeenta few oi the irregular solids which fell onderUii 
above broad definition of prismold,” and to which the prlsmoldal formula appliea 
They may be regarded as oneKshain lengths of railroad cuttings; a o being the length, 
srperpendicnlftf (horizontal) distance Mtween tbe two parallel (verticu) ends. 



WEDGES. 


Th« prUmoldml AppUes also to the «phei«, hemisphere, and 

other q)herlcal segments; also to any sections such asahed, and onid6e, of the 



cone, in which the sides ad, a e, or od,ie, are tlraighi ; as they are only when tte 
euttlng plane adc passes through the apex or top a. Alao to the cylinAe* 
When a plane parallel to the tides passes through both ends; but not If the plane 
vs is oblique, as in the fig., though never erring more than 1 in 142. In this last 
Osme we must imagine the plane to be extended until it cuts the side of the cylinder 
likewise extended; and then by page 199 find the solidity of the ungula thus formed. 
Then find the solidity of the small ungula above to, also thus formed, and subtract 
it from the large one. 

This very extended applicability of the prismoidal formula was first disoorered, 
and made known, by Ellwood Morris, C. of Philadelphia, in 1840. 


WEDGES. 



VI n m n m n m 

Flg.& Fiff.O. Fig. la Fig. 11. 


A wedge 

b usnally defined to he a solid, Fip. 8 and 9, generated by a plane triangle, anc^ 
moving parallel to itself, in a straight lino. This definition requires that the two 
triangular ends of the wedge should be parallel ; but a wedge may be shaped as in 
Fig. 10 or 11. We would therefore propose the following definition, which embraces 
all the figs.; besides various modifications of them. A solid of five plane faces ; one 
of which is a parallelogram abed, two opposite sides of which, as a c and b d, are 
onited by means of two triangular faces aeu, and bdm, to an edge or line am, 
parallel to the other opposite aides ab and cd. The parallelogram a b c d may be 
rtttier rectangular, or not ; the two triangular faces may be simlTar, or not ; and the 
•ame with regard to the other two faces. The following rule applies equally to i^: 


IToliamo 
«r wodge 


Stun of lengths 
yi X oftheSed'^ X 
•g + cd 4 wm 


perp ht y from 
edge to book 


X 


width of 
back (a bod) 
aMM^dnerptoolt 
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MXMSUBATIOK. 


SPHERES OR GLOBES, 

A Sphere 

Ii • solid generated by the rerolutlon of a semicircle aroanid its diameter. ]£Ter| 
point in the surface of a sphere is equidistant from a certain point called the center. 
Any iine passing entirely througli a sphere, and through its center, is called its aa.it, 
or diameter. Any circle described on tiie surface of a sphere, from the c^-nter ol 
the sphere as tlie center of the circle, is called a freat circle of that spliere , in otlier 
irorda any entire circnmference of a sphere Is a great circle. A sphere has a greatei 
content or solidity than any otlier solid with the same amount of surface jM that U 
the shape of a spiiem be any way changed, its content will be reduced. The inter 
section of a sphere with any plane is a circle. * 

Volume of sphere 

- f TT radius* - 4.1888 radius* 

*“ /4 ^ diameter* "• 0.5236 diameter* 

..circumference* » 

“ K i “ 0.01689 circumferencs* 

TT* 

— % diameter X area of surface 

»■-- % diameter X area of great circle 
% volume of circumscribing cylinder 
•= 0.5236 volume of circumscribing cube. 


Area of Burfkce of epbere 

12.5664 radius* 

3.1416 diameter* 

0.3183 circumferenca* 

-=• diameter X circumference 

— 4 X area of great circle 

area of circle whose diameter is equal to twice diameter nf spl iti 

— curved surface of crcumscribiug cylinder 
6 X vo lume 

diameter. 


4 TT radius* 

TT diameter* 
circumference* 


fUdliu of sphere 

* . volume 

== V ^ V 

/ Area of surface 

- i rj 

Ctavumference of sphere 

®V^6 “volume 

^ tt •rea of surface 

area of surfa ce 
diameter. 


0.^035 volume 

. 07858 X area of surface 

=: ®v^59.2n6 volume 
= ^ 3.1416 area of surfam 



MENSURATION. 


20l) 


SPHElfcES. (Origimal.) 
Some erron of 1 in the Inst figure onig. 


§ 

5 

Surface. 

tj 

•3 

(a 

Diam. 

Surface. 

S ' 

(» 

Dlam. 

■| 

S 

m 

Solidity. 

a 

0 

Surface. 

1 

l-6t 

.00077 


13-32 

18 190 

7 2949 


170.87 

210 0:1 

w 

921 33^ 

2629 6 

1 :V2 

00307 

00002 

7-16 

18 666 

7 5829 


176.71 

220 89 


934 83 : 

2687 6 

3-«4 

.00690 

.00006 

15-32 

19.147 

7 8783 


182.86 

282 1:4 

w 

948 43 1 

2746.5 

1 16 

.01227 

.00013 

v; 

19 635 

8.18i;i 


188.69 

243 7.3 

h 

96-2.12 

2806.2 

3-32 

02761 

.00043 

17-32 

20.129 

8.4919 

Ji 

194.83 

255 72 


975 91 

2866.8 

H 

.04009 

.00102 

9 16 

20 629 

8 8IU.1 

8. : 

201.06 

268 08 


989 80 

2928 a 

5 32 

.07670 

00200 

19-32 

21.135 

91366 

h, 

•207 39 

280 85 

h 

1003 8 

2990 5 

3 16 

.1104.5 

.00.34.i 


21 G4H 

9 4708 

^4' 

21:1 82 

294 01 

18, 

1017.9 

3053 6 

7-32 

.15033 

(M)548 

21 32 

22 166 

9 81.31 


220 .46 

307 58 

H 

1032 1 

3117.7 

% 

.1963.) 

00818 

11-16 

22 691 

10 164 


226 98 

821 56 

y* 

1046.4 

3182 6 

9M 

.248,51 : 

.0116.5 

23 32 

2.1 222 

10 .522 

% 

2:1:1 71 

3.35 95 

H 

1060 8 

8248.5 

5 16 

.306801 

01.i9h 

H 

23 75« 

10 889 


•240 53 

3.50 77 

y, 

1075 2 

S315.S 

11 32 

37123 

.02127 

25 .32 

24 302 

11 265 

H 

■247 45 

366 02 

% 

1089 8 

.3382 9 

% 

.44179 

.02761 

13 16 

24 850 

11 649 

9. 

2.54 47 

381 7<l 

H 

1104 5 

3451 5 

13 32 

.51648 

03511 

27 32 

25 405 

12 041 

H 

•261 59 

397 HI 

yt 

1119 3 

35-21.0 

7-16 

.60132 

.04385 

}i 

•25 967 

12.44.3 

M 

21)8 81 

414 41 

19. 

1134 I 

3591.4 

15-32 

.69028 

.05393 

29 3 2 

26 .535 

12 8.5:1 


276 1 2 

431 44 


1149.1 

3662 8 


.78540 

•0654.1 

15 16 

27 109 

13 272 

H 

283 53 

448 92 

h 

1164 2 

3735.0 

17-32 

.886&1 

.0785(1 

31 32 

27 688 

13 700 

H 

291 04 

466 87 

% 

1179 3 

3808.2 

9-16 

99403 

09319 


28 274 

14 137 


•298 65 

485 31 

H 

1194 6 

3882 5 

19 32 

I. 1075 

10960 

1 16 

29 465 

15 0.19 

% 

306 36 

.504 21 


1210 0 

39.57.6 

H 

1.2272 

1278.3 

H 

.30 680 

15 979 

10. 

314.16 

62.! 60 

H 

1225 4 

4038 7 

21-32 

1 3530 

14798 

3 16 

31 919 

16 957 

H 

322 06 

543 48 

H 

1241.0 

4110 8 

11-16 

I 4849 

.17014 

% 

33 183 

17 974 

% 

330 06 

66:1 86 

20. 

1256 7 

4188 8 

23-32 

1 6230 

.19442 

5 16 

34 472 

19 0.31 


.338 16 

584 74 

H 

1272 4 

4267.8 


1.7671 

22089 

% 

35 784 

20 129 

V 

346 36 

606 1.3 

« 

1288 3 

4.347.8 

25-32 

1 9175 

.24967 

7 16 

87 1-22 

21 268 

% 

354 66 

628 04 

H 

1304 2 

4428.8 

13-16 

2 0739 

28084 

H 

38 484 

22 449 

H 

363 05 

650 46 

H 

1320 3 

4510.9 

27 32 

2 2365 

31451 

9-16 

39.872 

23 674 


371.64 

673 42 

M 

1336 4 

4593 9 

H 

2 4053 

.35077 

H 

41 283 

24 942 

11. 

380 13 

696 91 

H 

1352 7 

4677 9 

29 32 

2 5802 

.38971 

11-16 

42 719 

26 2.54 


388 83 

720 95 

H 

1369 0 

1 4763.0 

15-16 

2 7611 

43143 


44 179 

27 611 

yi 

397 61 

745 51 

21. 

1385 5 

4849.1 

31-82 

2.9483 

.4760.3 

13 III 

45 664 

29 016 

% 

406 49 

770 64 

H 

140 2 0 

49.36 3 

1. 

3 1416 

52360 

3« 

47 17.3 

:10 466 


415 48 

796 33 

y* 

1418 6 

5024 8 

1-32 

3.3410 

57421 

15-16 

48.708 

31 965 

H 

424 56 

822 58 

H 

1435 4 

5118.6 

1-16 

3 .5466 

62804 

4. 

50 265 

33610 

y* 

4:4:1 78 

849 40 

yi 

1452 2 

5203 7 

3 32 

.3 7583 

.68511 

1 16 

51 848 

35 106 

H 

443 01 

876 79 


1469.2 

6295.1 


8 9761 

1 74551 


53 4.56 

36.751 

12. 

452..3» 

904 78 

« 

1486 2 

5387 4 

5-32 

4.2000 

1 .80939 

3 16 

.55 089 

38 448 

H 

461 87 

933 34 

H 

1503 3 

5480.8 

3 16 

4 4:101 

1 .87681 


56.745 

40 195 

Kj 

471 44 

962 .52 

22. 

1520 5 

5575.8 

7-32 

4 6664 

94786 

5 16 

38 427 

41 994 

H 

481.11 

992 28 

H 

1637 tf 

5670 8 


1 9088 

1 0227 

% 

60 1,3.3 

43 847 


490 87 

1022 7 


15.55.5 

5767.6 

9 32 

5 l.'iTS 

. 1 1013 

7 16 

61 863 

45 7.52 

% 

500 73 

105.3 6 

H 

1572 8 

5865.2 

5 1«> 

5 4119 

1.18.39 


63.817 

47 713 

h\ 

.510.71 

1085 3 


1590 4 

5964 1 

11-32 

3 6728 

, 1 2704 

9 16 

65 397 

49 7-29 

h\ 

520 77 

1117 5 

H 

1608 2 

6064.1 

H 

5 9:i9H 

1 3611 

H 

67 201 

51 801 

IS. 

5.3093 

1150 3 

H 

1626 0 

6165 2 

13 32 

6 2126 

, 1.4.561 

11-16 

69 030 

5:4 9 ‘29 

H 

541 19 

1183 8 

}i 

1643 9 

6267.3 

7-16 

6 4919 

1 1 55.53 


70 883 

56 116 


551 .55 

1218 0 

•23. 

1661.9 

6370 6 

15 32 

6 7771 

1 6590 

13-16 

72 7,59 

.58 3.59 

%\ 

562 <i0 

12.52 7 


1680 0 

6475.0 

H 

7 0686 

1 7671 

% 

74 663 

60 66:4 

H 

572 .55 

1288 3 


1698 2 

6.580.6 

17-32 

7 3663 

1 1 8799 

15-16 

76 589 

6.3 0-26 


58:j '20 

1.324 4 

H 

1716 5 

6687.? 

9 16 

7.6699 

1 9974 

9. 

78 540 

65 4.50 

H 

59:4 95 

1.361 2 


17.35 0 

6795.2 

19 32 

7 9798 

2 1196 

1 16 

80.516 

67 9.35 


604 80 

1398 6 


175.3 5 

6904 2 

% 

8 29.37 

2 '2468 

H 

82 516 

70.482 


615 75 

1436 8 


1772 1 

7014 3 

21 32 

8 6180 

2.3789 

3 16 

84 541 

73 092 

H 

6-26 80 

1475.6 


1790.8 

7125.6 

11 16 

8 9461 

2 5161 

H 

86 591 

75 767 

h' 

6:47 95 

1.515 1 

24 

1809 6 

72.38.2 

23 32 

9 2805 

2.6.586 

fi-16 

88 664 

78.,505 

\ 

649 17 

15.55 3 


1828 5 

7351.9 


9 6211 

2 8062 

% 

90 763 

Hl.:408 1 

H 

660 52 

1596 3 

h 

I 1847.5 

7466.7 

25-32 

9 9678 

2.9592 

7 16 

92 887 

84.178 

% 

671 96 

1637 9 

% 

1 1866 6 

7583 0 

13 16 

10.321 

3 1177 


95 033 

87 113 

H 

683 49 

1680 3 

H: 1885 8 

7700.1 

27 32 

10 680 

3 2818 

9 16 

97 205 

90 118 

K 

69.5 13 

1723 3 

% 

1905 1 

7818 6 

11 044 

8 4.5 14 

% 

99 401 

93 189 

16. 

706 85 

1767 2 


1924 4 

7938.8 

29-32 

1 II 116 

3 6270 

11 16 

101 62 

96..331 

h 

718 69 

1811 7 

H 

1943 9 

8059.2 

15 16 

11 793 

3 808,3 


103 87 

99 541 

H 

730 63 

1857 0 

25 

1963 5 

8181.8 

31 32 

12 177 

3 9'».'.6 

13 16 

106 14 

102 82 

H 

742 65 

1903 0 

H 

1983 2 

8304 7 


( 12 566 

1 4 1888 

H 

108,44 

106 18 

H 

754 77 

1949 K 

H 

2002 9 

8429.2 

1-32 

1 2 %2 

1 4.3882 

13-16 

110.75 

109 60 

W 

767 00 

11997 4 

S 

2022 9 

85.54.9 

1 16 

1.3 364 

4 59:19 

6. 

113 10 

113 10 


779 82 

,2045 7 

y> 

2042 8 

8682.0 

3 32 

13 772 

4 8060 

H 

117 87 

1-20.31 

K 

791 78 

120i'4 8 

H 

2062 9 

8810.3 

Vi 

1 14 186 

5 024:3 

H 

122 72 

127 83 

16. 

804 25 

,2144 7 

y* 

208.3 0 

8939.9 

5-82 

1 14 607 

5 249:3 

h 

127 68 

1:45 66 

H 

816 85 

I2195 3 


; 2103.4 

9070.6 

3 16 

15 033 

5 4809 

H 

1.32 7.3 

143 79 


829 57 

i2246 8 

26. 

2128 7 

9202.8 

7-32 

15 466 

5 7190 

H 

137 89 

152 25 

« 

842.40 

2299 1 

y 

i 2144.2 

9336.2 


15 904 

5 9641 


143 14 

161.03 


K55 29 

2352.1 

y 

i 2164.7 

9470.8 

9-32 

I 16.349 

6 2161 


148 49 

170 14 

a 

868 31 

2406 0 

h 

1 2186.6 

9606.7 

5-16 

; 16.800 

6 4751 

7. 

153 94 

179.59 

H 

881 42 

2460 6 

M 

i 2866.2 

9744.0 

11-33 

1 17.258 

6 7412 

H 

159 49 

1R9.39 

J4 

894 6S 

2516 1 

y 

; 2327.1 

9883.5 

H 

17.721 

7.0144 

H 

165.13 

199.53 

17. 

907.98 

2572.4 


[ K84a.O 

lOOiO 



M 


MENSURATION. 


SPHERES— (Continued.) 


25724 % 

25988 

26254 M 

20.522 

26792 H 

27063 47. 

27.m H 


D 25«fi,7 
Xi\ 2619 4 
«o 2642.1 
^ 2665 0 
y. 2687.8 
2 2710.9 
S 2734.0 
£ 2757 3 
^ 2780 5 
\i 2804.0 
so 2827.4 
2851.1 
C 2874.8 
2 2898.7 
U 2922 5 
H 2946 6 
y. 2970.6 
U 2994 9 
81. 3019.1 

u 3043.6 

C 8068 0 

^ 3092.7 
U 8117.3 
H 3142.1 
^ 3166.9 
34 3192.0 
13, 8217.0 

U 3242.2 
^ 3267.4 
^ 3292 9 
^ 3.318.3 
^ 3343.9 
W 3369 6 
U 3395.4 
18 . 3421.2 

U 3447.3 
0 3473.3 
H 8499.5 


U 3658.5 2 

C 368.5.3 2 

2 3712.3 2 

S 3789 3 a 

K 3766.5 a 

^ S763.7 i 

Xi 3821.1 : 

6. 3848.6 5 

H 3876.1 S 

M 8903.7 5 

% 3931.5 1 

J4 3959.2 i 

K 8987.2 : 

K 4015.2 I 

V 4043.3 

le. 4071.6 

H 4099.9 

H 4128.9 

% 4156.9 \ 

4186.6 


k 4626 5 I 2 
u\ 4656 7 a 
4686 9 S 
4717 3 I 

y. 4747 9 1 

9. 4778 4 : 

W 4809 0 ! 

y. 4839 9 : 

^ 4870 8 ! 

y, 4901 7 ! 

W 4932.J I 

4. 4964.0 I 

% 4995.8 ; 

10. 5026.6 

H 50581 

y. 60H9.6 

% 51213 

U 6153 1 

H 5184 9 

^ 5216 8 

« 5248 9 

41. 5281 1 
U 5313 3 
^ 6345 6 

yj 6410 7 
% 6443 3 

» 6-176 0 

V 6508 9 

42. 5541.9 

H 6574 9 
U 6608 0 
>4 .5641 3 

« 6674.5 

H 5708.0 

5741 5 
Ji 6775.2 

43. 6808.8 

W 6842.7 
W 6876.6 
% 6910.7 
^ 6944 7 
% 6978 9 

U 601.8.2 
U 6047.7 

44. 6082 1 
U 6116.8 
% 6151 6 

^ 6186 8 
>4 6221.2 

K 6256 1 
y. 6291.2 
K 6326.5 

45. 6361.7 
H 6397 2 I 

frl.32.7 
^ 6168 3 
U 6503 9 , 
« 65.19 7 
yA 6575.6 
6611 6 

46. 1 6647 6 

Hi 6683.7 
H' 6720.0 


33.510 H 

33826 H 

34143 50. 

84462 H 


40194 M 

40551 

40908 H 

41268 % 

41630 « 

41991 H 

42360 53. 

42729 H 

43099 H 

43472 >4 

43846 H 

44224 H 

44602 « 

449I-4 _ H 

45367 54. 

457.'i3 H 


H 9896.0 
%A 9940.2 
Hi 

y,' 10029 
%' 10073 
10118 
10163 
.7. I 10207 
yl 10252 
\\ 10297 
H! 10312 
HI 10387 
Hi 10432 
H 1047H 
H 10523 

58. 10568 
H 10614 
yA lOCCO 
H 10706 
H 10751 

H 10798 1 

H 10844 
H 10890 

59. 10066 
H 10983 
y. 11029 
H 11076 
H 11122 
H 11169 
H 11216 
% 1I2G3 

60. 11310 
H 11357 
H 11404 
H 114.52 
H 11409 
H 11547 
H 11596 
H 11642 

61 llbWI 
% 11738 
H 11786 
H 11834 
H 11882 
H 11931 
H ll‘<80 
H 12028 

62 12076 
M 12126 
H 12174 
H 12223 
H 12272 
H 12322 
H 12371 
H 12420 

63. 12469 

H 12519 
H 12668 
% 12618 
H 12668 

H J2718 

H 12768 
H 12818 
6.1 12868 

■ H 1*18 
H 12', 69 
H 13019 
H 13070 
H 1.3121 
H 13172 
H 1.3222 
65. 13273 

H i:»24 
2 13376 
H 13427 
I H 13478 

! H 1.3530 

3 K 13682 



MENSURATION. 


20 ? 


SPUE B ES — (CONTIKUED.) 


Diam. 

1 

9 

OQ 

Solidity. 

a 

p 

1 

s 

m 

Solidity 

i 

p 

Surface, j 

Solidity. 

Diam. 

Surface. 

§ 


1.763.H 

149680 

w 

1 74:47 

216.505 


21708 

800743 

«! 

26448 

404406 


13685 

15053.1 

h 

17496 

217.597 


2177.1 

302100 


■26518 

406060 


1.37.17 

151390 

H 

175.54 

21861*3 

>11 

218:39 

30.3463 

92. 1 

26590 

407721 


13789 

152251 

K 

17613 

219792 

V, 

•21904 

:3048.H1 

H 

•26663 

409384 


13841 

153114 

75. 

17672 

2-2U894 

% 

21978 

306‘201 

H' 

26735 

411054 


1.3893 

153980 

H 

17731 

2-22001 

h 

2‘20:36 

;307.576 

HI 

26808 

412720 


13946 

1548.50 


17790 

223111 

h 

‘22102 

308957 

H 

‘26880 

414405 


1.5998 

135724 


17849 

2-24224 

84. 

■22167 

.310310 


269.53 

416080 


140.V) 

156600 


17908 

2-2.V341 

Vii 

222.14 

31 1728 

H 

270-26 

417774 



157480 


17968 

22646:4 

H 

■22.400 

31.3118 


27090 

419464 

a 

141 .36 

1.58363 

?4 

18027 

2-27588 

h 

22.466 

.314514 

93. 

27172 

4*21]61 


14 '08 

1.59250 


18087 

2‘287]6 

h 

2‘24:32 

315915 


27245 

422862 

h 

14261 

160139 

76. 

181441 

•2-29848 


224**9 

317318 

Hi 

27318 

4*24587 


14.114 

161032 

44 

18*206 

■2:40984 


22.565 

3187*26 

H- 

27:491 

426277 



161927 

h 

18*266 

•2.42r24 

h 

2-26:42 

320140 


27464 

427991 



162827 

h 

18.126 

2.4;i-2f>7 

85. 

2-26‘m 

8‘21554. 

Hi 

■27538 

429710 

H 

14474 

163731 


18:186 

■2:44414 

H 

22765 

8‘2-2977 

H 

■27612 

431433 


14527 

1646:17 

V 

18446 

2.155*W 


2‘28.1‘2 

3'2440'2 


27686 

433160 


14580 

165547 

54 

18.506 

■216719 

% 

22899 

:i*25Kil 

94. 

27759 

434894 

H 

146.14 

166460 


18566 

■2:17879 

h 

■2-2966 

8*27264 

H 

278:43 

436630 


14688 

167.376 

77 ^ 

181.26 

219011 

H 

■2.1034 

328702 


•27907 

438.378 

% 

14741 

1(^295 

4. 

I84J87 

•21020r 

h 

23101 

:3:iOU'2 


‘27981 

440118 


14795 

169218 


187 18 

•241.176 

h 

23168 

:33]588 

H 

■2895.5 

441871 

H 

14.849 

170115 


188(W 

■242:)5l 

86. 

2:12.35 

:3.33039 

H 

•2Hi:40 

443625 



171074 

ll 

18869 

•243728 

h 

■2:3:103 

334491 

H 

‘28'204 

445387 


1 1957 

172007 

% 

18940 

244908 

h 

■2:1371 

:i:i595l 

H 

‘28‘278 

447151 



172944 

% 

18992 

216093 

h 

23439 

337414 

95 

28353 

4489‘20 


15066 

173886 

44 

1905.4 

?47‘28.4 

^*2 

■2.1.506 

3:38882 

H 

28428 

450695 


15120 

174828 

78 

191 M 

■248-175 


2:1.575 

.340:352 

H 

■2850:4 

452475 


15175 

175774 


19175 

249672 

>4 

■23643 

:i41829 

H 

28677 

454259 


13230 

176728 


192 47 

•2.50873 


■2:1711 

:i4:i.307 

H 

28652 

45604T 



177677 


19298 

•2.5-2077 

87. 

■23779 

344792 

H 

•28727 

457839 


15339 

178635 

4^ 

l«.ttK) 

•25;i-2H4 

H 

■23847 

346'281 

H 

28802 

459638 


15394 

179595 


l»4*22 

•254496 

V* 

■2:3916 

:347772 

H 

•28878 

461439 


15449 

180559 

% 

1948.4 

2.55713 

h 

■23984 

:349-269 

96 

28953 

463218 


15j04 

181526 


19545 

2569:i*2 

h' 21053 

850771 

H 

‘290*28 

46.5059 


l.>560 * 

182497 

79. 

19607 

■2,)8155 

Hi 24122 

852277 

H 

■29104 

466875 

H 

15615 

183471 

44 

19669 

■259383 

h 

24191 

:35.37H5 


■29180 

468697 

H 

1 -670 

184449 

4'4 

197.12 

■260618 

K 

24260 

3.55801 


•29-255 

470524 


i 1.5726 

185430 

% 

19794 

2*ilH48 

88. 

243*28 

3.56819 

H 

29.331 

472364 


I 15782 

186414 


19856 

263088 

H 

■24.398 

:358;342 

H 

■29407 

474189 

71. '^1 

1 I'W 

187402 

H 

19919 

■264330 


24467 

359869 

h 29483 

476029 


1389.1 

188:194 


19981 

■265577 

H 

21536 

8614(K' 

97 

‘29669 

477874 

k 

15949 

189.389 


•20044 

•2668-29 

H 

24606 

:i62935 

H 

296.36 

479725 

H 

16005 

190.487 

80 

20106 

26808:1 

% 

24676 

364476 

H 

29712 

481579 

H 

16061 

191.189 

44 

20170 

■269312 

H 

•24745 

366019 

H 

, 29788 

483438 

H 

16117 

192.395 

h 

2(V232 

270604 


24815 

367568 

H: 29865 

485302 

H 

16174 

19.1404 


•20‘296 

271871 

89. 

•24885 

:3W)l-22 

H 

1 ‘2994'2 

487171 

u 

16230 

194417 

4a 

20358 

■273141 


249.55 

370678 

h 

1 30018 

489045 

72. ^ 

162.86 

1954:1.1 

44 

•204‘22 

2W416 

H 

•25025 

872240 


1 30095 

490924 


16.143 

1964.5.4 

?4 

■204 85 

•27.56**4 

H 

2,5(»t.> 

37:1896 

98. 

:40172 

492808 


16400 

197176 

:!4 

•20519 

27((977 

h 

■25165 

.375378 

h 

I 30-249 

494685 


16156 

198502 

81. 

20612 

'278‘263 

H 

■252:«) 

376954 

U 

1 .303'26 

496588 

H 

1651.1 

199.532 

44 

•20676 

279,>.5:t 


•25.306 

378631 

H 

' 30404 

498486 


16.i70 

200566 

44 

20740 

•280817 


■2.5376 

.380115 

h 

I 80481 

600388 

K 

16628 

201004 

44 

20804 

■28-214.5 

90. 

■2.5417 

381794 

H 

1 805.58 

602296 


16683 

202645 

4a 

20867 

28.3447 

H 

•2.5518 

3K1297 

H 

1 80636 

504*208 

7:< 

16712 

20:4689 

% 

•20932 

284754 


•25.58'* 

384894 

H 

: .30713 

506125 


16799 

20 47.37 

*4 

■20996 

‘2860<i4 

'25Ii60 

386496 

IH) 

{ 3074*1 

608047 

>4 

168.)7 

205789 

K 

•21060 

287.378 

Hi *2.57.10 

:388102 


1 ,30869 

509975 


16914 

2011844 

82. 

*21124 

2886^*6 


; -2.5802 

889711 

H 

1 305H7 

511906 

yi 

16972 

•207903 

44 

21189 

290019 


1 •2.5873 

3913'27 

H 

' 31025 

613843 

H 

17030 

•208966 

44 

■21-2.53 

■291345 

H: 2.5941 

89*2946 

h 

I 3110.3 

515785 


17088 

2100:12 

44 

21318 

■29‘2674 

91. 

•26016 

394570 


31181 

617790 

t2 

17146 

211102 

44 

21382 

294010 


! 26087 

396197 

H 

1 812.59 

G1968‘2 

74.^ 

17204 

212175 

44 

21448 

•29534T 


■261,59 

3978:11 

} 


5216.38 

K 

17262 

213252 

?4 

21.512 

‘296691 

H' -/O'iio 

39*tl68 

100 

1 31416 

523598 

W 

17320 

2143:4:1 

?4 

•21.578 

29Ha36 


■2*2M)'2 

401109 




h 

17379 

215417 

83 

1 ‘21612 

•299.388 

J H 26.474 

4027.56 


-i ■ -■ ■ ■ 

L ■■■■■ — 
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SPHERES, ETC. 


Nphero, S: cone. and cylinder, Y; 

of equal diaiueterH, d, and of equal heights, h 

id - k). 

VoliinieH. Y = ^ »S - C. 

o (7 

Curved SurfaoeH. Y = .S 

1 1.25 


Hemif^phere, II ; eone.C: and cylinder, Y : 

of equal diameters, d, and of equal heights, h. 
{d - 2 A). 

Yolnmes. Y II = 2 C. 

Curved SurfaceA. Y = // = C V2. 



Kpticrical xoncM and Mcirments. 

Let R — r?idiU9 of sphere ; h = height of zone nr segment , 

r - radius of base of segment circumference « i ^ i m 

= radius of either end of zone; ir -- — - =3.14159. 

Ti = radius of other end of zone; diameter 

See p. Ifil . 



Zone Zone Segment SItoll 

Then 


Volume of zone = ^ t j ^ 

Volume of zeKment = " A = „ ^R — h"‘. 

I'urved surfoce h A ^ r. . 

of zone or segment *** 2 ft ^ surface of sphere — 2^^X4irft =2irftA 

In the segment, 2 ft = , + A. 

A 


Hphcrical Hhell. 

Volume =» volume of sphere ah — volume of sphere c d 


Circular Npindle. Fig, p 209. 

The circular spindle is the solid abn y a, generated by the revolution of 
a circular segment, a b n e a, about its chord, o n, as an axis. Let 


C 

h 

ft 


hi 


a e =» chord of segment ; 
eb => height of segment; 

0 6 « radius of circle 
(72 + A» 


X = V'(^'+ 

— chord of half the segment ; 
L “ length of arc, a b n ; 

o , LR Chi 

S =■ area ab e » — ^ : 

4 2 


4 2 

. R — h ^ distance from cen, o, of circle, to cen, e, of chord. 



CIBCULAB SPINDLE AND BING. ELLIPSOID. 209 


Then, Volume = 4»r 

Surface = 2 ir (2C R — Lhi) 

Middle Zone, qdkp\ (Ci => m e.) 
Volume = 2 JT Ci —hi 




\*—C 



where Si 


('irf'ular Kinur, of Circular or Rectangular Cross-section. 



a - area uf cross-section of bar of which ring is made ; 
c — circumference or periphery of cros.s-sectii)n of bar; 
d — half-sum (or average) of inner and outer diameters. 

Volume = n a d ; SurfR€*e — n c d. 


Klli|»»old. 

The ellipsoid is the solid generated by the revolution of an ellipse about 
either axis The generating ellipse mav be a variable It revolvs on a con- 
.stant axis, and its vertices describe either another ellipse or a circle, whose 
center, m either ease, coincides with the center of the generating ellipse, and 
whose plane is perpendicular to the axis of revolution, i^ce “Sphenoid,” below. 

Kpheroid. 

Tlic spheroifi an ellipsoid in which the generating ellipse is 
roriitiant and in winch its vertie,e.s describe a circle . When the generating 
elliijsp revolvs about its }ori(/er or trnnsvcrKc axis, the prolate spheroid rwsults; 
wlien about its shorter or conjunaU axis, the oblate spheroid. 

Ill cither ca*Je, let / = the Jirt diam; let m = the moving or revolving 
diam, of the ellips e Th en: Volume = irw“//6 Surface (apwox) 
= ir m ■%/ (ffi® + /®)/2 

The term “ellipsoid” is frequently defined as is “spheroid” above. 


Paraboloid. 

The paraboloid is the solid generated by the 
rev'olution of a parabola, acb, about its axis, c d. 
r = radius, d b, of base ; h — height, d c 
Tt r^h _ h X area of base _ 

“2 ' 


Volume ^ 


Curved surface = + 4**)^ — r*j 



Paraboloid, 


Frustum of paraboloid. 

Ends, g k and a b, perpendicular to axis, d c. ri »'radiu8, c k, of base, g k. 
hi “ height, d e, of frustum. 

Volume » paraboloid, acb — paraboloid, gck, -=» — Ai (r* + fj*). 
Curved surface surface acb — surface gc A;. 
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SPECIFIC GRAVITY. 


SPEOIFIO GRAVITY. 

1. The specific j?raviiy, or relative density* D*, of a uubstanc& 
is the ratio botwo«‘n the weight, W, of uiiy given volume of that substHiice and 
the weight, A, of an equal volume of t>ome substance aiiopled as a standard oi 

W 

rompanson. Or; D = — . 

2. For gaseous substance's, the standard Miibsi&.nce is air, at n tenqKT- 
.imn* of 0° Cent. = Fahr., with barometer at 760 millimelers — 29 922 inches. 

3. For solids and liquids, the standard substance is distilled waler, at its 
leinperaiure (4° Cent. — 39.2° Fahr.) of maximum density. 

4. For all ordinary put poses of civil engineering, any clear fresh 
water, at any ordinary temperature, may be used. Kven with water at 
.{0° Cent., ^ 86° Fahr., the result is only 4 parts in UKH) too great. 

5. When a body is iiiinjcr.sed iu water, the upward force, or “ buoyancy,*' 
exerted upon it by the water, or the “loss of weight’* of the body, due to its 
iiuiner.sion, is e^iial to the weight of the walei displaced by the immersioa of 
the body t; or, if 

W .= the weight of the body iii air, 

u' — its weight in water, 

li = Its relative density or specific gravity, 

.V = the weight of water displaced ; 

then A =* W — u ; and 1> — 

AW— M' 

6. Since the volume, V, of a body, of given widglit, W, is inversely as iia 
density, or specific gravity, 1); the .s|>eeific giavity i.i equal also to the ratio 
lietween the volume V, of an equal weight of the staudaid subslanee, to the 

volume, V, of the body in question ; or D — 

7. The specific gravities of substances heavier than water are ordi- 
narily determined by weighing a ma^^ of the suhstanee, lirst in air (obtain- 
ing Its weight, W), and then wheu the mass is completely submerged iii water 

(obtaining its diminished weight, «•). Then D as in ^ 5. 

8. If the body is lighter than water, it must he entirely Immersed, 

and held down against iu tendency to rise, its weight, w, in water, or iia 
upward tendency, ia then a negalire quantity, and means iiiiist lie nrovided for 
measiiriug it, as by making it act upward against the scale pan. We then have, 
A w) W -f IP ; or 

Loss due to immersion — weight of Inidy in air, plus its hnoyaney. 

9. f)r, first allow the body to float upon the water, and note the resulting dis- 
plaeement, r, of water, as by the rise of its snrlace level in a pri.sniatie vessel. 
Then immerse the body completely, and again note the di'^placement, V, Now 
r, the volume displaced by the Ixxly when floating, and V, the volume displaced 
by tlie body when completely immerst-d, are proportional rcsfiectively to the 
weight, W, of the body, and to the weight, W’ — of a mass of water of equal 

W V 

volume with the body. Hence D = — = t,. 

W — le V 

10. Or, attach to the light body, ft, a heavier liody, or sinker, 8, of such den- 
sity and mas.s that Iwth bodies together will sink in water. liCt W be the 
weight of the light body, 6, in air; Q the weight of Ixith liodies in air, and q 
their combined weight in water. Then Q — q - the weight of a mass of water 
of equal volume with the two bodies, and Q — W = the weight, S, of the sinker 
in air. By immersing the sinker atone, find the weight, k, of water equal in 
volume to' the sinker alone, = loss of weight in sinker, due to immersion. 
Then, for the weight, A, of water of equal volume with the light body, b, or for 


•Strictly speaking, “ specific gravity ” refers to wHakt, and “ relative density " 
to matt (see Mechanics, Art. 14 a); but, as specific gravity and density an 
numerically equal, they arc often treated as Identical, 
f See Hydrostatics, Art. 18. 



SrEClFlC GRAVITY. 


2n 


the loss of weight of b, due to immersion, we have A — Q — k ; and^for 
the si^ecilic gravity, 1), of the light ho<ly, /», wc* have 1) = q _ ~"Zr]fe ~ ^•17^ 
where «' — the (unknown) buuyaney ol ft. 

11. A granular body, as a mass of saw-<liist, gravel, sand, cement, etc, 
or a j»oioiis lioUy, as a in.iss of wood, ciiidei, coiieiett, .sandstone, etc., is a com- 
jiosite l»ody, < ()nsisMiig imrtlj ol suhd mailer and paiily ot air. Thus, a cubic 
foot ot (juaitz sand weighs alioiit 100 Jl)s., while a cuiuc loot ot quai 1/ weighs 
aliout 10.) Itis. 

12. The speelflc gravity of porous substances is usnally taken 
as ilial ol tlio eoinposite nja.ss of solid and an. 1 Im.s, a wood, weighing (with 
Its eontaiiied air) (52.5 Ihs. pel euhu; hau, ui iliesaiue as walei, is .said lo have a 
speeitie gr.ivity ot 1. The .ibsoi jtl loii ol waiei, when sueli bodies arc nniuersed 
loi the }»nipose ot delerimiiing their speeilie graviiics, may be prevented by a 
iliiii coal ol vainisli. 


13. The specille gravity of granular substanccis is Bometimes taken 
as that ol the solid pait alone. Dins, Pori land cements ordinarily weigh (in 
air) fiom 7.‘) lo 9i) lbs per euhie foot, wliieii would coirespond to specific gravities 
ol from 1 21) to I 44, lint the spccitic gravity of the .solid portion laugcs from 
.1.00 to .1.25; and the latter lignics aie usnally taken as re}iic.seiitiiig the apecifio 
giavilies. 


14. Ill detenuining the specifie gravities of substances (such as cement) 
wbicli are soluble In water or otherwise affected l>y it, the substances are 
weighed in sonic liquid (such as benzine, tiiipeiiliiie (>r alcohol) whicti will not 
alleet them, instead of in water. The result, so obtained, must then be multi- 
plied by tlie latio between the dciiBity of the liquid and that of water. 

15. The specific gravity of a liquid is most directly determined by 
weigliing eipial volumes of the liquid and of water. 

16. Dr weigh, in the liquid, .some body, wliose weight, W, in air, and whose 
specifie giavity, d, are known. Let u' - its weiglil in the liquid. Then, for 
the specific gravity, I), of the liquid, we have 


W;W — = orR 


^'-ir') 

W • 


17. Or, let the body, inf 16 (weighing W in air), weigh in water, and (as 
iHilore) le' in the liquid in qtiesiimi. Then, since specific gravity of water = 1, 
we have 

W - n; : W - w' --- 1:1); or D = . 

vV — u' 

18. The siiecific gravities of liquids are commonly obtained by observing the 
depth to wlildi some standard instriinient (called a bydrometpr) sinks when 
allowed to Host n|>on the surface c>f ihe liquid. The greater the depth, the less 
the specifie gravity of the liquid. In llcaumf^'s hydrometer the depth 
ol immersion is shown by a scale upon the iiistnimenl. The gr.'idiiations of the 
scale are ailntrarv. b’or liqiiids heavier than water, D” eorre^'ponds to a specific 
gravity of 1, and 76° to a sfiecifie gravity of 2 For liquids lighter tlian water, 
10° correspond to a specific gravity of 1, and 60° to a specific gravity of 0.745. 

19. In Twaddeir.s hydrometer, used for liquids heavier than water, 


specilic giavity 
Thus, if the leading be 00°, 

spisiifie gravity -- 


,5 X No. of degrees I 1,000 

1,000 

,5 X 90 + 1,000 _ 1,^ 

■ 1,000 ' “ 1,000 ■ 


30. In Nicholson's hydrometer, largely used also for solids, tlie s])ecific 
gravity is deduced fnmi the weights reqnitpvf to produce a standiiid depth ol 
immersion. It consists of a hollow metal flo.it, from which rises a lliiii but slifl 
wiio eanving a shallow di«b, whieli always lemains above water. From tin 
lloat is suspended a loaded dish, which, like the float, is alwavs submerged. On 
the wire support ing the iippei iish isaRtandard mark, which, in ohservatiotiK, 
is always brought to I lie surface of the water. The specific gravity is then deter- 
mined bv means of tlie weights carrieii in tlie two dishes respectively. 

31. The determination of the specific gravities of gaseous sub- 
stances reqiiire.s the .skill of expert chemi.stR. 
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SPECIFIC GRAVITY. 


Table of speeiflc ipravitles, and weiffhAs. 

In this table, the sp gr of air, and gases also, are compared with that of water, 
instead of that of air ; which last is usual. 


The specific gravity of auy substance is » its 

in li^rains per enblc centimetre. 


kit, atmoapberlc ; at 60'^ Fah, and under the pressure of one atmosphere or 

14.7 tts per sq Inch, weiahs ^ ^ j part as much as water at 60"^ 

Alcohol, pure 

“ of commerce. 

“ proof spirit. 

Ash, perfectly dry. average. 

1000 ft board measure weighs 1.74B tons. 

Aab, American white, dry “ 

1000 ft board measure weighs 1.414 tons. 

Alabaster, falsely so called; but really Marbles 

“ real , a roiiipact white plaster of Pans average. 

Aluminium 

Antimony, cast, 6.06 to 6.74 at erage 

" native 

Anthracite, .“see t'oal, below, 

Asphaltum, 1 to 1.8 

Basalt. See Limestones, quarried. 

Bath Htone, Oolite 

Bismuth, oast. Also native. 

Bitumen, solid. See Asphaltum 
Brass, (Copper and Zinc,) cast, 7 8 to 8.4. 

“ rolled 

Bronze. Copper 8 parts ; Tin 1 (Gun metal ) 8 4 to 8 6. 

Brick, best pressed . 

“ common htinl 
“ soft, inferior 
Brickwork See Masonry. 

Boxwood, dry 

Calclte, transparent. 

Carbonic Ai id tJas is m times as heavy as air 
Cement. (Heeill'i) 

•* Portland, 'A (K> to 11.25.. 

** Natural, 2 7o to :liW 

Chalk, 2.2 to 2 8 See Limestones, quarried. 

Charcoal, of piues and oaks.. 

Cberiy, perfecUy dry 

Chestnut, perfectly dry 
Coal. See also page 215. 

Anthracite, l.i to 1.7 

“ piled loose 

Bituminous, 1 2 to 1.4 

piled loose ,. . 

Coke.. 


piled loose .. 


lu coking, coals swell from 25 to 50 per cent. 

Copper, OMt, 8 6 to 8 8, 

“ rolled 8.8 to 9.0. 

Crystal, pure Qii.irtr. See Quartz. 

Cork 

Diamond, .8.44 to 8 53 ; usually 3.51 to 8..>5 
Barth ; common loam, perfectly dry. loose 
It •• <• “ •> shaken 

•I <» I* “ “ moderately rammed. 

“ •' “ allghtly moist, loose. 

“ “ “ more moist, " . 

•* « “ “ shaken.. 

•« |« •« “ moderately packed. 

“ “ “ as a soft flowing mud 

•< « “ as a soft mud, well pressed Into a box. 

Hther 

Elm, perfectly dry. 

1000 ft board measure weighs 1.302 tons. 

Ebony, dry 

Emerald, 2.63 to 2.76, 


Fat,. 

Flint 

Feldspar, 2.5 to 2.6. 

Garnet, 3.5 to 4.3; Precious, 4.1 to 4.3. 

Glass, 2.5 to 3 43 

*' common window 
•* Millville, New Jersey. Thick flooring glass 
Granite, 2.56 to 2.88. Bee Limestone, 160 to 180. 
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Table of specific grravities, and welgrhts— (Continued.) 


The epecific gravity of any huhstance is = its weight 
in grains per cubic centimetre. 


Gueiss, oommon, 2 62 to 2.76 

" In loose piles 

" Horubicudio 

“ “ quarried, in loose piles 

Gypsum, Plaster of Puns, 2 to 2.30 

“ In irregular lumps 

“ grouud. loose, per struck bushel, 70 

“ “ well shaken, '• •• 80 

“ “ Calcined, loose, per struck bush, 65 to 76. 

Greenstone, trap, 2.8 to 3 2 

“ “ quarried, In loose piles 

Gravel, about the same as sand, which see. 

Gold, cast, pure, or 24 carat 

" native, pure, 19.3 to 19 ru 

“ “ frequently containing silver, 15 6 to 19 3 .... 

“ pure, hammered, 19.4 to 19 6 

(iutta Perolia 

iloniblcnde, lilaok, 3.1 to 3 4 

Hydrogen Gas, is 14V4 times lighter than air; and 16 times lighter than 

oxygen 

Hemlock, pcrfectlv drv “ 

1000 feet board measure weighs 930 ton 

Hiokorv, pcifectly drv “ 

HNMi feet board measure weighs 1 971 tons 

Iron, aiKi sk el. 

“ Pig and cast iron and cast steel -r 

•• Wrought iron and steel, and wire, 7.b to7.9 

l^'ory aveiage. 

Ice, .917 to .922 ■ 

India rubber 

Lignum vu,p, dry 

Lard 

Lead, of commerce, 11,30 to 11 47 ; either rolled or oast 

-imestones and Marbles, 2,4 to 2 86, 150 to 178.8 

“ “ “ ordinarily about 

" " '* quarried in irregular fragments, 1 cub yard solid' 

makes about I 9 cub yds iierfecUi loose , or almui 
>da piled In tins last case .571 of the pile 
Is solid , and the remaining 429 part of it is 

,, void" piled.. 

ViUne, quick, ground, loose, per struck bushel 62 to 70 lbs 

“ " “ well shaken, “ ....80 “ !!!!!.’ 

“ “ “ thoroughly shaken, “ “ 

uiiliogany, Spanish, dry* average!! 

Maple, dry* *..”!! “ 

Marbles, see Limestones * 

Masonry, of granite or limestones, well dressed throughout 

'* *' " welLscabbled raorUr rubble. About 4 of the mass 

win tie mortar 

• i< If well-scabbled dry rubble. . 


** *' “ ronghly scabbled dry rubble 

At 155 lbs per cub ft, a cub yard weighs 1.868 tons : and 14.46 'cub fV 
1 ton ' 

Masonry of sandstone ; about H part less than the foregoing. 

“ “ brickwork, pressed brick, fine joints average 

*' “ “ medium quality !..! •< 

“ “ *' coarse, iiiferlor soft bricks “ 

^ft^fton* ”**** ft. a nub yard weighs 1 507 tons; and 17.92 cub 

Mercury, at 32° Fah 

“ 60° “ 

" 212° » 

Mica. 2 75 to 3 1 

Mortar, hardened, 1.4 to 1.9. ’ ’ 

Mud, dry, close !..!."'.*^J!!! 

“ wot, moderately pressed. !!!.!! • 

** wet, (luid !!!’.'!!^!!i^”.‘.*.' 


Average 
Sp Gr. 


7 2 
7.75 

1 82 


13.62 
13.58 
13 38 


Average 
of a 
Cub Ft. 
Lbs. 


52 to 61 

187. 

107. 


450 

475 to 495 
114. 

67.4 

58 

83. 

59.3 

709.6 

164.4 

168. 


165. 

154. 


140. 

125. 

100 . 


183. 

ia3. 

80 to lie 
no to 130 
104 to 121' 


♦ Grc4‘n timbers usually weigh from one-lifth to nearly one-half more than 
dry i and ordiuury bulldlug timbers when tolerably seasoned about oue slxih more than perfectly dry 
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SPECIFIC GRAVITY. 


Table of specific gravities, and welif tots— (Continued.) 


B Bpecififi graTity of auy Bulwlance Is = its weight 
in grams per enbic centimetre. 


Kaphtha 

NltroRcn Gas Is about part lishtor than air 

Oak, luc, perfectly dry, .88 to 1.02* ...aveniire.. 

white, “ .06 to 88 “ 

“ red, black, Ac* “ 

Oil*, whale, olive “ 

“ of lui peutiiie 

Oolite!), or itoestoucs, 1 9 to 2 5 ‘‘ 

Oxygen Gas, a little more than part beat ler tliuii air 

Petroleum 

Peat, drv. impressed 

Pine, white, perfectly dry, .35 to .45* 

lOOO'fi board nie.isurc weighs I*.h) ion.* 

•• yellow, Nonheru, .48 to .62 

1000 ft board measure weighs 1.276 tons * 

“ “ Houtheru, .61 to 80 

1000 ft board measure weighs I 674 Ions * 

Pluc, heart of long leafed Soutbern yellow, naieas. ... 

1000 It board measure weighs 2,418 tans. 

Pitch 

PUsier of Pans, see Gypsum. 

Powder, slightly shakuu 

Porphyry. 2.66 to 2.8 

Platinum 21 to 

*• native, In grains 16 to IB 

Quartz, common, pure 2 W to 2.67 

“ *• finely pulverized, loose 

*• “ “ well shaken 

*• “ '* “ well packed . 

** quarried, loose. One meuaurc solid, makes full l?i broken and , 

piled ' 

Ruby and Siipphiro, 8.8 to 4.0. 

Ro'in 

tali 

Sand, pure quar'z, perfectly dry, loose 

» <• *< •* “ *hghUy ahaki n 

»< •* Ttiramed, drv 

Natural aaud consists of gniinsofdillerent alzea, and weighs more, per 
unit of volume, than a s-md sifted from it and having grams of 
uniform siie. Sharp sand with very large end very amall grains 

may weigh as much as , 

Sand U very retentive of moisture, and, when in largo bulk, iu natural 
moisture may diminish its w* sgbt from 5 to 10 per cent, 

“ perfectly wet, voids full of water 

Sandstones, tit for building, dry, 2 1 to 2.73, ... ...I'Jl to 171 

“ quarried, and piled. 1 measure solid, makes about IH piled. 

Serpentines, good 2,o to 

Snow, fresh fiilleo..^ 



moistened, and compacted by rain.. 


.2.4 to 2 6.. 


,. average.. 


Bbalee, red or black 

“ qu-arrled, in piles 

Slate 2.7 to 2.9 

Soapstone, or Steatite 2.6.5 to 2 8 

Steel, 7. 7 to 7 B. The heaviest contains least carbon .. 

Steel la not heavier than the iron from which it la made; unless the 
iron had impurities which were expelled during its conversion into 
steel. 

Bolpbur 

gpr»., ^ ,4h;-.W i™:” 

Bpclur. w «•» to 

Sapphire ; and Buby, 8.8 to 


.. average.. 


Tar , 

Trap, compaot, 2 8 In 3 2 

“ quarried : In piles 

Topaz. 3.45 to 

♦Occcii tlinbci*!* u*iiiaHy weigh frotp (fne-fifth to nearly oiivyhalf more thau 

dry : and ordluarv building timbers when tolerably eoasoned about one-sixth more than pertecUy dry 
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Table of epeciflc s^ravities, and we igrtatH — *, Con tinned.) 


The specific gravity of any substnnee is = lls wcig^ht | 
lu i^ramsi per cubic centimetre. > 

Average 

Sji iJr. 

Average 
Wt of a 
Cub Ft 
Lbs. 

riu,o.ist, 7 2 to 7 5 average.. 

1 

[ 

459. 

■20 to SO 

v\ aler. See j.Hge .W6. 

" ci avmige.. | 

Wines, 'lyt to ! 04 “ ] 

W alnut, hlack, pertectly ilrj .. , 

lutxi fl board nieagurc weighs 1.414 tons. 

Zircon, 4.0 to 4.8 ** •• 

.97 

'm 

7.00 

4.45 

1 62 417 
60.& 

02.8 

487.5 


Space occnpie*! by coal. In cubic feet per ton of 2240 pounds. 

PeiiiiMylvunia Anthracite. 


Hard white ash* 

I ree-lmi iiing wliite ash 


Schuylkill white li-'h * 
“ red " 


l.ykens Valley* 

Wyoming frec-burniiigt • 
Lehigh t 


l/ehigl>:t I..unip, 40.5 ; cupola, 40 ; dust, HU. 


i Bro- ! 
kcll, , 

Lkr. 

Stove., 

Sut. 

Pea. , 

i 

Buck- 

wheat. 

Aver. 

age 

1 

1 

i ; 

38 6 

39 2 

39 8 

40.5 ; 

41.1 

39.8 


(39.4 

39.G 

:ft>6 

39 6 

39.8 

.39.8 

39 6 

1 

i 

39.0 

39 6 

40.2 

40.tf ! 

41.5 

40.2 


(39.6 

39 6 

39.6 

41.2 

41 9 

42.4 

40.7 

1 


39.3 

1 39.9 

40.5 

41 2 

41.9 

40.6 


I (39.0 

39.9 

42 6 

45 7 

46 5 

47.7 

43.6 




39.6 

1 40.3 

40.9 

41 6 

42.3 

40.9 



40.0 

1 40.5 

41.1 

41 7 

42.3 

1 41.1 



44.8 

45.2 

4,5 7 

46.2 

46.7 

45.7 


(44.2 

44.3 

44.3 

45.0 

46.1 

46.5 

45.1 



40 0 

39.8 

.39.4 



39.7 


39.4 

38.8 

38.5 

38.4 

42 1 

41.4 

40.0 

. *... 

38.5 

38.8 

40.1 

40 3 

40.3 

40.5 

39.7 


Bituminous. 


Front Toxc llios. & Co t i 


Irom Jour. U. S. Ass’n Chatcoal Iron Woikert. 
Vol. Ill, 1882.^ 


Pittsburg 48 2 I 

Erie 4(5 (5 ' 

Hocking Valiev 45 4 i 

OhloCamiel...: 45.5 j 

Indiana block .51 1 I 

Illinois 47.4 


Pittsburg 47 1 

Cumbei land, max. ..42 .3 

“ iiiiu 412 

BJossburg, Pa 42 2 


Clover Hill, Va 

Richmond, Vu. 

(Midlothian) 

Cannelton, Ind 

Pictou, N. S 

•Sydney, Cape Breton. 


49 0 

41.0 

47.0 

45.0 

47.0 


Logarithm. 


1 cubic foot per ton of 2240 pounds — 

0 89286 cubic foot jier ton of 2000 pounds 1.950 7820 

2240 (exact) pounds per cubic foot H350 2480 

1 cubic foot per ton of 2000 pounds -- 

l.i2 (exact) cubic feet per Ion of 2240 pounds 0 049 2180 

2000 (exact) pounds jicr cubic foot 5 301 0300 

1 pound per cubic foot ~ 

2240 (exact) cubic feet per ton of 2240 pounds 3 350 2480 

2000 “ “ “ 2000 “ 8.301 0300 


♦From Edwin F. .Smith, Sup’t & Eng’r, Canal Div., Phila. and Reading R. R 
t From very careful weighings in the Chicago yards of Coxe Bros. & Co 
Note the irregular variation with size of anthracite in Coxe Bros.’ figures. 

gQiioled from The Mining Rtrord. On the authority of " many years’ experc 
ence” of "a prominent retail dealer in Pliiladelphla,” the Journal gives als< 
figures requiring from 4 to 13 per cent, less vnliiiue per ton than those hen 
quoted from the Journal and from other authorities. 

18 
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WEIGHTS AND ‘MEASURES. 

United States and British measures of lenipth and wei§rht, 

af the same deiiominatiun, may, /or all ordnuiry purposes, be considered as equal ; 
but the liquid and dry measures id the same denomination differ widely 
in tlie two countries. The standard measure of len^^th of both coun- 
tries is theoretically that of a pendulum vibrating seconds at the level ol the 
sea, in the latitude of London, in a vacuum, with Fahrenheit’s thermometer at 
62°. The length of such a pendulum is supposed to be divided into 39.1393 
equal parts, called inches; and 36 of these inches were adopted as the standard 
yard of both countries. But the Parliamentary standard having been destroyed 
l>y fire, in 1834, it was found to be impossible to resiqre it by measurement of a 
pendulum. The present British Imperial yard, as determined, at a temperature 
of 62° Fahrenheit, by the standard preserved in the Houses ol Farliament, is 
the standard ol the United Mates ('oast and Geodetic Survey, and is recognized 
as standard throughout the country and by the Lepartmeu 3 ol the (lovern- 
ment, although not so declared by Act of Congress 'I'lie yard between the 27th 
and 63d inches of a scale made for the IT S ('oast Survey by Trougliton, of Lon- 
don, in 1814, is found to be of this standard length when at a temperature of 
69°.62 Fahrenheit ; but at 62° is too long by 0.01)083 inch, or about 1 part in 43373, 
or 1 46 inch per mile, or 0.0277 inch in 100 feet. 

The Coast Survey now uses, for purposes of comparison, two measures pre- 
sented by the British Government in 1855, as copies of the Imperial standard, 
namely : 


“ Bronze standard. No 11 ," of standard length at 62° 25 Fahr. 
“Malleabiw iron standard, No. 57 “ “ “ 62°. 10 “ 

See Appendix No. 12, Report of U. S. (Toast and Geodetic Survey for 1877. 

The leiral standard of wetfcht of the United States is the Troy 

pound of the mint at I’hiladelphia. This standard, euniaiiiing 5760 

S ains, is an exact copy of the Imperial Troy pound of Great 
ritaln. The avoirdupois or commercial pound of the United States, con- 
taining 7(K)0 grains, and derived from the standara Troy pound of the Mint, is 
found to agree vv ithin one thousandth oi a giaiu with the British a\oirdupf‘’8 
pound. 'J lie 0 . S. Coast Survey therefore declares the weights ol the two coun- 
tries identical. 

The Ton. In Revi.sed Statutes of the United States, 2d Edition, 1878, Title 
XXXI V, Collection ot lluties upon Initiorts, Chapter Six. Appraisal, says: 

“Sec 2951. Wherever the word ‘ton ’is used in this cliapter, in reference to 
weight, it shall be construed as meaning twenty-hundredweight, each hundred- 
weight being one hundred and twelve pound# avoirdupois.” 

This appears to he the only U. S. (ioveriimeut regulation on the subject. 

The ton of 2240 lbs Gfften called a iprofis ton or loni; ton) is commonly 
used in buying and selling iron ore. pig iron, steel rails and other manufactured 
iron aud steel. Coke and many otner articles are bought aud sold by the net 
ton or Hhort ton of 2000 tbs. The bloom ton had 2464 lbs, -- 2240 lbs -f- 2 
hundredweight of 112 lbs each ; and the pig non ton hail 2268 tbs, -- 2240 lbs + a 
“sandage” of 28 lbs, or one “quarter,” to allow for sand adliering to the jiigs, 
but some furnace men allowed only 14 fcs. In electric traction work the ton 
means 2000 fos. 

As a measure, the ton, or tun, is defineil as 252 gallons, as 40 enhio feet of 
round or rough timber or in ship measurement, or as 60 feet of liewn timber. 262 
U, S. gallons of water weigh about 2100 lbs ; 252 Imperial gallons about 2500 lbs 
50 cub ft yellow pine about 2500 lbs. 

The metric system* legalised in the United Ntates In 

* The metric i. Jin, as comiiared with the English, has much the same advantages 
and disadvantages that our Auieiican decimal coinage has in compaiisoii with tlie 
English monetary system of pounds, shillings and iience. It will enormously facili- 
tate all calculations, but, like all other improvements, it will necessarily cause some 
inconvenience while the chansre is being made. The metric system has also this fur- 
ther and very great advantage, that it bids fair to become universal among civilized 
nations. 
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186fi, but has not been made obligatory. The government has since furnished 
very exMct metric standards to the several States. The use of the metric system 
has been permitted in Great Britain, beginning with August fi, 181(7, and in 
Russia, beginning with 1900. Its use is now at feast permissive in most civib 
ized nations. 

The metrie nnit of lenf^th is the metre, or meter, which was 
intended to lie one ten-millionth otici oi k )) earth’s quadrant, t. c., of 

that portion ol a meridian embraced between either pole and the equator This 
iength was mea.sured, and a .set of metrical .standards of weight and measure 
were prepared in accordance with the result, and dcpo.sited among the archives 
of 1- ranee at Pans (Metre des Archives. Kilogi amine des Aiehives, etc.) i t has 
since iieon discolored tliat errors occurred in the calculations for ascertaining 
tile length ol the quadrant ; but the standards nevertheless remain as originally 
prepared 

Tho met ric measures of surface au<l of cauacitjy are the squares 
and cubes of the meter and of its (decimal) fractions and multiples. 

The metric unit of wetipht. is the gramme or g^ram, which is 
the weight of u milhliler oi cubic centimeter* of pure water at its temperature 
of maximum density, about 4° Centigrade or 89 2° Fahrenheit. 

By the concurrent action of the principal governments ol the world, an In- 
teruatioiiai Itureaii of Weights aud Measures has been estab- 
lished, with Its seat near I'aris li has prepared two ingots of pure platinuiu- 
iridiuiu, lioui one of which a number of standard kilograms (lOiHt grams) havr 
been made, and ftom the other a number of standaid meter bars, botli denvea 
from the standards of the .\reln>eh of France. Of these copies, certain oiiM 
were selected as international standaids, and the others were distributed to the 
different governments. Those sent to the United States are in the keeping of 
the U. S. Coast Sun ey. . „ - 

The determination of the equivalent of the meter in English 
measure is a verj dilhcult matter. The standard m^ter is measured ftom end 
io end of a })lati)nt7n bar and at the freezing point ; whereas tho standard yard ia 
measured between two lines drawn on a silver scale inlaid in a bronze bar, and aX 
()2^ Fahrenheit The United States Uoant Survey t adopts, as the 
length of the meter at 62° Fahrenheit, the value determined by (’apt. A. R 
Clarke and (.'ol. tSir Henry James, at the office of tho British Ordnance Survey, 
In 1866. viz. : 39..‘170432 inches 3 280H666 + feet = 1.0936222 + yard.s) ; but the 
lawful equivalent, established by Congress, is 39 37 inches (= 3.28083 feel 
= 1.093611 yards>. This value is as accurate as any that can be deduced from 
existing data. 

The gram weighs, by Prof W. H. Miller's determination.t 1|>.4323487( 
grains An oxamiiiation made at the International Bureau of Weights anc 
Measures in 1884 makes it 15.432:15639 grains. The legal value in the Unitec 
States is 15.432 grains. 


♦ 1 centimeter = meter = 0.:i9:J7 inch. 1 milliliter liter) or cubio centi- 
meter = (*.061 + cubic iiichoH. 

+ Appendix No. 22 to report of 1876, page 6. 
i Philosophical Transactions, 1856, pp. 883, etc. 
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FOKEIGN COINS. 


Foreifni Mouolary lIiiltM and CoiiiM. TalneH in V. K. Money. 

From Reportof Director of Mint, 1901, and Treasury Dept Circular, Jan. 1, 
1911. 

\fri{!a. See Egypt, Liberia. 

Vrgentino Republic. Peso = 100 centavos — $0,90.), Argentine = $-1.82. 
Vsia. See China, India, Japan, Persia, Siam, Straits Settlements. 
Austria-Hungary. ' Crown = 100 hellers = $0,203. Ducat $2.29. 

Havana. St'o Ceriuan Empire, 
liolgium.* Franc =100 centimes = $<L193, 

liohvia. Boliviano = 100 centavos = $0.3S9. 10 contimos = $0.0964. 

Brazil. Milroia = 1000 reis = $0.,'>4(). 

Bntiah Hondura.s Dollar = $1.00. * 

Canada. Dollar = 100 cents = $1.00. 

Central America. Sec Rnti.sh Honduras, Costa Itiea, Cuba, Haiti, Ilonduru-Hi, 
Guatemalji, Nicaragua, Panama, Salvador, Santo Domingo. 

Chile. Peso = 100 centavos = 0.05 condor = 0.1 df>ubloon = 0.2 e.scudo = 
$0,365. 

China. Tael = 10 mace or t.sien = 100 candareen.^ ot fun - 1000 cash or li ■ 
$0,604 to $0,673. 

Colombia. Dollar = $1.00. 

Costa Rica. Colon =100 eentimos = $0.46.). 

Cuba. Spanish quadruple (onza) = $1.).74; doubloon Isabella =$5 02, 
Alphonse -= 25 poseta.s = .$4.82. 

Denmark.! Crown = 1 00 ore = .$0,268. 

Ecuador. Sucre = 100 cent..s = .5 p<‘.selas = 10 reals = 20 medioreals - 
$0,487. 

Egypt. Pound = 100 piasters = $4,913. 

England. Sec Great Btitaiu. 

Esperantiats. (From Am. Esperantist Co } Spesniilo = 10 spescentoj - lOO 
spesdekoj = 1000 spesoj = $0.4875. 

Finland. Mark = $0,193. 

France.* Franc = 100 centimes = $0,193. 

Gorman Empire. Mark = 100 pfennigs = $0,238; Crown = $2,382. 

Great Britain. Pound sterling or sovereign = 20 .shillings = 240 pence = 960 
farthing =$4.8665. Guinea = 21 shillings, Crown =5 shillings. Florin 
= 2 sellings. 

Greece.* Drachma = 100 lepta = $0,193. 

Guatemala. Peso = 10 dime.M = $0,403. Onza or doubloon = $i5.7<. 

Haiti. Gourde =100 centimes = $0,965. 

Honduras. Peso = 10 dimes = $0,403. Onza or doubloon = $15.74 
India, British — . Rupee = $0,324 1/3 , .anna = 4 pice = $0.02. 

Italy.* Lira = 100 centesimi = $0,193. 

Japan. Yen = 100 sen = $0,498. 

Latin Union.* See France, Belgium, Italy, Switzerland, Gr(*ere. 

Liberia. Dollar = $1.0(). 

Mexico. Peso = KM) centavos = $0,498. 

.Netherlands. Florin = 100 cents = $0,402. Hixdaler = 2.5 florins. 
Newfoundland. Dollar = $1,014. 

Nicaragua. Peso = 10 dimes = $0,403. Onza or doubloon = $15.74 
North America. See Canada, Mexico, Newfoundland. 

•Norway.! Crown = 100 ore = $0,268. 

Oceanica, See Philippine Lslands. 

Panama. Balboa = $1.00. 

Persia. Kran = $0.1704; toman = 10 krans. 

Peru. Libra = $4.8665. 1 sol = 2 British shillingy. 

Philippine Islands. Peso = $0.50. 

Portugal. Milreis =0.1 crown = 1000 reis = $1.08. 

Prussia. See German Empire. 

Roumania. I.s;u = $0,193. 

Russia. Rubio =100 copecks = $0,515. 

Salvador. Peso = 10 dimes = $0,403. Onza or doubloon = $15.74 
Santo Domingo. Dollar = $1.00. 

Scandinavian Union.! Sec Denmark, Norw'ay, Sweden. 

^rvia. Dinar = $0,193. 

Siam. Tical = $0.3708. 


*. !; See foot-notes, next page. 
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Toreiiirn Monetary Units and Coins. Continued, 

South Amorica. Sec Argentine Republic, Bolivia, Brazil, Cldle, Colombia, 
Ecuador, Peru, Uruguay, Vene^zuela. 

Spain. Peseta = 100 centimes $0,193. 

Straits Settlements. Dollar = $0,421. 

Sweden.t Crown = 100 ore = $0.2(i8. 

Switzerland.* Franc — $0,193. 

Turkev. Piaster = 0.01 lira = $0,044. 

Uruguay Peso = $1,034. 

Venezuela. Bolivar = $0,193. 


Standard liiamotorN and Wri^litH ol IJnitod Staton Coins. 



\ .tlU( 

I)i,in 

..... 

Weitlit. 

tiiold, 10 ix)r cent, iillny : 

* 


Milhiu. iHf.. 

tlraiiiH, 

Grami).. 

Double Eagle .... 

20 

1 3.50 

.34 29 

.516.00 

:’.3.436 

Eagle 

10 

1 060 

26 92 

258 00 

16.718 

Half Eagle . . 


0 848 

21.54 

129.(10 

8,359 

Quarter l’]Hgle 

2 50 

0.700 

17.78 

64.50 

4.180 

Hlivcr, 10 per cent alloy : 






Stamlaid Dollar . . 

1.00 

1.500 

38.10 

412 60 

26 729 

Half Dollar 

0.50 

1.205 

30.(51 

192 90 

12.50 

Quarter Dollar 

1 0.25 

0.955 

21 26 

96.45 

6 25 

Dime 

Minor 

Five Outs, 75^ copixw, 25. 

I 0.10 

1 

j 

1 

0.705 

17 91 

38.58 

2.50 

nickel 

Due (X'lit, 95^^ copjier, 5ft tin 

; 0.05 

; 0.835 

21.20 

77.16 

5 00 

and zinc 

1 0 01 

1 0.750 

1 

19.09 

1 

48.00 

.3.11 


Perfectly pure fpold is worth $1 per 23.22 grs — $20.67183 per troy oz = 
$1S .silfil per avoir oz. Ntandard (U S coin) is worth $18 G046r) per troy oz = 
$16.95736 per fl’^oir oz It consist.s ol' 9 parts by weight of pure gold, to 1 par 
alloy Its value Ls that of the pure gold only; the cost of tne alloy and of tb 
coinage being liorne by Uovernnieiit A cubic foot of pare cold weigriii 
abtrul. 1204 avoir lbs; and is worth $362963. A cubic inch weig^ about 11.14 
avoir oz ; and is worth $210.04. 

Pure gold IS callet* one, or 24 carat gold; and when alloyed, the alloy is sup 
posed to be divid»=c( rote 24 parts bv weight, and according as 10, 15, or 20, Ac o 
these parts are pure goli, the alloy is said to be 10, 15. or 20, Ac, carat. 

The avcraii;«; flnencsiN of California native |e;:old, by some thou 
sands of as.says at the U. S. Mint in Philada., is 88.5 purls gold, 1 1 5 silver. Som 
from < foorgia, 99 per cent goid. 

Pure Hilver fluciiiate.s in value- thu.s, during 1878-1879 it ranged betwee 
fd 05 und $1 18 per troy oz , or $.9.57 and $1,076 per avoir, oz. A cubic inch weigh 
about 5.528 troy, or 6.Ui»5 avoir ounces 


* Latin Union (Fiance, Belguim, Italy, Switzerland, Greece). Fineness, golc 
and 5 franc silver, 0.9; min'^r silver coma, 0.835. 

Gold Silver 

Francs 100 50 20 10 5 5 2 1 0.5 0. 

Diameters, in millimeters 35 28 21 19 17 37 27 23 18 16 

Weights, ingrains 0.322,58 per franc 25 10 5 2.5 1 

t Scandinavian Union (Sweden, Norway, Denmark), 
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Troy Weisi^lit. U. S. and Britiah. 


24 grains 1 pennyweight, dwt. 

20 pennyweights 1 ounce ~ 480 grains, 

12 ounces 1 pound = 240 dwts. = 57G0 grains. 


Troy wriffht is used for {^old and silver. 

A carat of the jewellers, for precious stones is, in the U. S. ~ :i2 grs. ; in 
Ijondon, 8.17 grs , in Paris, 3 18 grains , divided into 4 jewellers’ grs In troy, 
apothecaries' and avoirdupois, the ^rain is the same. 

Apothecaries' Weight. U. S. and British. 


20 grain.s 1 scruple. 

8 scruples 1 drain — 00 grains. ' 

8 drams 1 ounce -- 24 scruples 480 grains 

12 ounces 1 i>ound ^ Ofi drams -- 288 scruples — r>7r.0 grains. 


In troy and apothecaries’ weights, the gram, ounce and pound are the same. 

Avoirdupois or Commercial Weig^ht. (J. S. and British. 

27.3437.") grains 1 diara 

10 drains 1 ounce ^ 437V. grains. 

16 ounces 1 pound = 250 drams = 7000 grains. 

28 pounds 1 quarter — 448 ounces. 

4 quarters 1 hundredweight — 112 lt)8. 

20 hundredweights 1 ton — 80 quarters — 2240 lt)s. 

A stone ■« 14 pounds. A quintal = 100 pounds avoir. 

The standard of the avoirdupois pound, which is the one in 

common commercial u.se, i.s the weight of 27.701.5 cub in.s of pure di.stilled water, 
at its maximum density at about 3')V2 J'ahr, in latitude of l>oudon, at the level 
of the sea; barometer at 30 in.s Put thisinvohes an error of about 1 part in 
1362, for the lib oi water = 27.68122 cub ms 
A troy lb = .82286 avoir Ib. An avoir th — 1 21528 troy lb, or apoth, 

A troy o®. = 1.09714 avoir oz An avoir oz .9114.58 troy oz , or apoth. 

liOii); IleaHure. 11. S. and British. 

12 inches 1 foot — .3047973 metre 

3 feel 1 yard = 36 ins - .9143919 metre 

yards l rod, pole, or perch ^ 16V feet — 198 Ins. 

40 rods 1 furlong - 220 yards - 660 feet 

8 furlongs 1 statute, or land mile -- 320 rods = 1760 yds ==|.5280 ft = 63360 ins. 

3 miles 1 league - 24 furlongs -- 960 rods — .>280 yds = 1.5840 ft 

A point - yV inch. A line - 6 points - j’j inch A palm -= 3 ins. A 
hand — 4 ins. ’A span = 9 ins A fathom - 6 feet. A cable's length 
= 120 fathoms - 720 feet. A Ounter’s surveying; chain is (;6 feet, or 4 
rods long, it has 100 links, 7.92 inches long. 80 (lunter’s chains - 1 mile. 

A nautical mile, g;cogrraphical mile, sea mile, or knot, is 
variously dehned as being -- the length of 

mi'trcs feet statute miles 

1 min of longitude at the equator — 1 h,5.'):;4.5 6087 1.5 1 1.5287 

1 “ Latitude “ “ 1842 787 604,5,9.5 114.507 

] “ “ “ pole == 186 I.(m.5 6107 85 1,1.5679 

1 “ “ atlat4.5‘^ - 18.52 Isl 6076,76 1 1.5090 

1 “a great circle of a tnii'l ( value adopted by IT. S. C'oast 
itphere whoso mrface area is Blld Geodetic Klirvcy 

equal to that of the earth J |^185:$.24)S 6080 27 1.151.57 

British Admiralty knot ISfsUOO 60 ho.(k) 1.151.52 

Navigator.? use “knot” to mean a ftpecd of 1 knot pvr hour. 
Minutes, in meters and in ft, as above, calculated from Clarke's 
spheroid. TJ. S. Coast & Good Survey, liupt for 1881, App. 12. 
Radius Arc of 1 Deg Arc of 1 Min Arc of 1 Sec 

100 ft I.74r):t3 ft 0.02000 ft o.oooiso ft 

1 mile 92.1534 ft 1.5359 ft 0.025G ft 

Earth's great circle. Radius, equatorial, — 396.3.27 miles ; 
polar = 3949.83 miles. Arc of 1“ = chord of 1“ + 4.6356 feet. 

hength of degree of latitude, in miles. At equator, 68.70; at 
lat 20®, 08.78; 40®, 69.00 ; 60°, 69.23; 80®, 60.30; 90®, 60.41. 
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I<enjict<t)8 of a Decree of liongrltiido in different liatitndea, 

and at the level of the Sea. These lengths are in common land or statute miles, 
of &2h0 ft. Sinoe the Bgure of the earth h»a never been precUdy asoertaiued, these are but close ap 
proximatlous. Intermediate ones may be found correctly hy simple proportion. 1° of iongltuae 
sorresponds to 4 mins of civil or clock time; 1 min of longitude to 4 secs of time. 


Deg of 1 
Lat. 

Miles. 

Deg of 
Lat. 

Miles. 

Dog of 
Lat. 

Miles. 

Deg of 1 
Lat. 

Miles. 

Deg of 
Lat. 

Miles. 

Deg of 
Lat. 

Miles. 

0 

m Ih 

U 

07 12 

28 

61.11 

42 

51.47 

56 

.SK76 

70 

2.8.72 

*2 

K9.12 

10 

00 .'>0 ! 

:u) 

.Ml 94 

44 1 

49 8:4 

58 

.86 74 

72 

21.43 

4 

6H.119 

18 

0.1 HO ’ 

.82 

58 70 

46 

48 12 

60 

:i4 67 

74 

19 12 

fi 

«8 78 

20 

05 02 

34 

57..19 

48 

46:46 

62 

32.58 

76 

16 78 


08.49 

22 

04 15 

.40 

50 01 

50 I 

44 54 

64 

30 40 


14 42 

10 

88.12 

24 

6;{ 21 

38 

54 50 


4>07 

66 

28 21 

80 

12.05 

12 i 

S7.66 

26 

61.20 1 

40 

5:105 

64 1 

40.74 

68 

25.98 

82 { 

9.66 


Inches reduced to llecimaiN of a Fssot. no errors. 


Ins. 

Foot. 

Ins. 

Foot. 

Ins. 

Foot. 

Ins. 

Foot 

Ins. 

Foot 

Ins 

Foot. 

0 

.0(MN) 

2 

.1007 

4 

.:4’i.ti 

6 

..5(KHI 

S 

.044)7 

10 

.8333 

1-32 

.O'lio 


.I(’i93 


.8 ! i9 


..5020 


.l>0!l.8 


.83,59 

M6 

.(Ml, >2 


1719 


.:i.i85 


..5052 


.6719 


.8385 

3-32 

0078 


.1715 


.1111 


.ri078 


.6745 


.8411 


.0104 

H 

1771 

H 

.14.18 

H 

.5101 

k 

.6771 

H 

.8438 

5-32 

.0180 


1797 


.3404 


.5i:to 


.0797 


.8464 

3-16 

0156 


.1,82.8 


.3190 


.51.50 


.6823 


.8490 

7-32 

.0182 


1849 


.:i5io 


.5182 


.6849 


.8616 


0208 

H 

1875 


.:1512 

U 

5’2(I8 

k 

.6875 

H 

.8542 

9-32 

02.84 


1901 


.:i.')08 


..5214 


.6901 


.8568 

5-16 

0260 


.1927 


,3.594 


.5'260 


.6927 


.8594 

11-32 

.028b 


1953 


:i620 


.5280 


,69.53 


.8620 

H 

0313 

% 

1979 

% 

..K.lli 

% 

.5:11:1 

H 

.6979 

H 

.8646 

13-32 

0.1.19 


2005 


.:i072 


.53.19 


.7005 


.867-2 

7-16 

.osa-) 


20.11 


.1098 


..5:105 


.7031 


.8698 

16-32 

o;i9i 


20.57 


..1724 


.5.191 


.7057 


.87-24 


.0417 

% 

20.8.8 


..1750 

H 

.5417 

H 

.708.1 

h 

.8750 

17-32 

044:4 


.2109 


.3770 


.541.1 


.71(01 


.8776 

9-16 

.0469 


.21.15 


.3802 


..5409 


.7135 


.8802 

19-32 

.0495 


.2161 


.3828 


.5195 


.7161 


.8828 

H 

.0521 

H 

2188 

% 

.:i8:>4 

% 

.5521 

H 

.7188 

h 

.8864 

21-82 

.0547 


2214 


.38H0 


..5547 


.7-214 


.8880 

11-16 

0573 


2240 


..8tK¥) 


.5.573 


.7-240 


.8906 

23-32 

.0599 


iMWt 


.:i9i2 


Sr.'Kl 


.7-200 


.8932 


0025 

H 

tm 

H 

.89.58 


..5(.2.5 

h 

.7-292 

fi 

.8958 

25.32 

.0051 


2118 


.:4984 


..5C.5I 


.7:il8 


.8984 

18.16 

.0077 


2.14 4 


.4010 


..5077 


.7:144 


.9010 

27-82 

070.1 ■ 


2.170 


.40’4b 


.570.1 


.7.870 


.9036 

K 

0729 

H 

.2.190 

h 

.4011.1 


..57-29 

h 

7;i90 

K 

.9063 

29 32 

0755 


2422 


.4089 


.5755 


.7422 


.vm 

16-10 

.0781 


.244b 


.4115 


..5781 


.7448 


.9115 

31-32 

.0807 


2474 


.4141 


.f)807 


.7474 


.9141 

1 

.08:i:i 

3 

2500 

5 

.4107 

1 7 

.58.8:1 

9 

.75(Hl 

11 

.9167 

1-32 

.08.59 


.2526 


.4191 


.5859 


.7520 


.9198 

1-10 

.0885 


2552 


.4219 


.5885 


.75.52 


.9219 

3-32 

.0911 


.2.578 


.4245 


.5911 


.75(8 


.9245 

H 

.09:18 

H 

2004 

H 

.4271 

H 

..59.1b 

k 

.7604 

H 

.9271 

6-.82 

.0904 


2aio 


.4297 


..59(>-l 


.71.30 


.9297 

3-16 

.099(1 


.2050 


.4.82.1 


..5990 


.7(.56 


.9323 

7-.(2 

.1010 


2082 


.4.119 


.6016 


.7682 


.9.H49 


.1042 

'/* 

2708 


.4:175 

yi 

.604 -2 

H 

.7708 

H 

1 .9875 

9-82 

.1008 


2734 


.4101 


.6068 


.7734 


.9401 

5 10 

1094 


2700 


.44-27 


.6094 


.7760 


.9427 

11 -.12 

.ll’il 


.2780 


44.53 


.6120 


.7786 


.9458 

ht 

.1110 

% 

.2813 

% 

.4479 

h 

.6146 

h 

.7813 


.9479 

18-82 

.1172 


28:i9 


.4.505 


.6172 


.78.89 


.9605 

7-16 

.1198 


.2865 


.4531 


.6198 


.7865 


.9531 

15-82 

.1221 


.2891 


,45*">7 


.6224 


.7891 


.9557 

V: 

.12,50 


.2917 

H' 

,4583 

H 

.6250 

h 

.7917 

H 

.9583 

17-82 

.1270 


.2913 


.4009 


6 -76 


.794.1 


.9600 

9-16 

.i:i02 


.29(19 


40.85 


.Lilli 


.7969 


.9635 

19-.82 

.1.828 


.m5 


.4661 


.6:128 


.7995 


.9661 

H 

.1.8.54 

H 

..’1021 

H 

40HH 

H 

.6:154 

k 

.8021 ] 

H 

.9688 

21-32 

.i:i80 


.:i047 


.4714 


6380 


.8047 


.9714 

11-16 

.1400 


..8073 


.4740 


.6406 


.807.1 


.9740 

23-;42 

.14.82 


.3099 


.4700 


.6432 


.8099 


.9766 

% 

.11,58 

H 

..8125 

H 

.4792 

H 

,6458 

fi 

.8125 

fi 

.9792 

26-32 

.1184 


.31.51 


.4818 I 


.6484 


.81.51 


.9818 

13-10 

.1.510 


.,8177 


.4844 1 


.6510 


.8177 


.9844 

27-32 

.1.5.80 


.3203 


.4870 


.65:16 


.H-20;i 


.9870 


.1503 

K 

.3229 

X 

.4896 


.65(-i3 

Ji 

.82-29 

h 

.9896 

29-'^ 

.1.589 


.:1255 


.4922 


.6.589 


.8255 


.9922 

15-10 

.1015 


.3281 


4948 


.6015 


.8-281 


.9948 

8I-:42 

.1041 


.3:107 


.4974 


,6641 


.8807 


.9974 
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WEIGHTS AND MEASURES. 


Square or l^and Measure. U. 8. and British. 

144 square inches = 1 square foot. (100 sq ft “ 1 square); 

9 square feet = 1 squaie yard = 1296 square inches; 

30.25 square yards => 1 square rod = 272.25 square feet ; 

40 square loda = 1 rood = 1210 square yards ; 

4 roods = 1 acre = 160 rods = ^40 sq yds = 43,560 sq ft ; 

640 acres = 1 square mile. 


IJ. S. Publie l.aiids are divided into townships, sections and quarter- 
sections. bounded by meridians and parallels. Nominally a lounslilp is 
6 miles square and contains 36 seetloiis, each 1 mile square and contain- 
ing 4 quarter-sections, 0.5 mile square. By law, errors, including those 
due to converjarcncc of tlic meridians, arfe shifted to the northern 
and western quarter-sections of the township. 

1 Circular Inch = circle, 1 inch in diameter, = Logarithm. 

0.785398 sauare inch n 1.895 0899 


I Square Inch =■ 

1.27324 circular inches 


.0.104 9101 


See also Surface,*’ pp 2.T3. 234. 

Cubic or Solid Measure. U. S. and British. 

1728 cubic inche.s => 1 cubic foot. 27 cubic feet =* 1 cubic yard. 
1 British Rod of BricklayiiiK; = 16.5 ft. sq. of 14 inch wall. 

1 British Bod, eiii^liiccrliig;. = 306 cubic feet. 

1 Toise — 261.5 cubic feet ; 1 Chaldron — 58.64 cubic feet. 


Sec also ’* Volume,” pp 23t. 2.3.'^. 

1 Cubic Foot = 

3300.24 spherical inchc.s 

1.90986 spherical feet 

0.803564 U. S. bushel 

0 267855 flour bbl. of 3 struck bushels.. 

0.237477 U. S. lui. bbl. of 31i gallons... 

1 Cubic Inch «= 

1.90986 spherical inches 

1 Cubic Yard = 

201.974 U. S. gallons 

7.23207 flour bnl.s. of ,3 struck bushels. 

21.6962 U. S. .struck bushel.s 

1 Spherical Foot = sphere, 1 foot in diani^ler, = 

0.523599 cubic foot 

904.779 cubic inches 

14,8268 liters 

1 Spherical Inch = sphere, I inch in diameter, = 

0.523599 cubic inch 

8.68030... cubic centimeters 

1 Cylinder, 1 foot diameter, 1 foot loii^ 

0.0290888 cubic yard 

0.786398 cubic foot 

1357.17 cubic inches 

5.87619 U, S. liquid gallons 

4,89468 British imperial gallons 

22.2401 hters 

i f'ylinder, 1 inch diameter, 1 foot lonir « 

9.42478 cubic inches* 

0.326399 U. S. liquid pint 

0.271927 British imperial pint 

0.164445 liter 


Logarithm. 
... .3.518 .5461 

0.281 0014 

.11 1.906 0204 
n 1.427 8991 
n 1.376 6211 


.0.281 0014 


2.305 2955 
..0.859f2629 
- 1.336 3842 


-n 1.718 9986 

2.956 5423 

...1.171 0461 


•n 1.718 9986 
.. .0.933 5024 


n 2.463 7261 
n 1.895 0899 
....3.1.32 6336 
....0.769 0216 
....0.689 7244 
....1.347 1374 


0.974 2711 

•n 1.513 7491 
.n 1.434 4519 
•n 1.188 7749 


Negative characteristic. 
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TJqiiid Meannrc. U. S. only. 

See alM4» -• Volume,*' pp 334-5. 
ltHN4*«l upon the old British wine gallon of 2.31 cubic inches. A cylinder 
7 ins diameter. 6 ins high, contain.'^ 2;i0.907 cubic inches. A cube, of 6.1358 
ins, ^ 2.'{ 1 .(X)0S cub ins. 

4 gills r-T 1 pint ] 6.3 gallons — 1 hogshead 

2 pints 1 quart ^ 8 gilLs , 2 hogslieads — 1 pipe or butt 

4 (luarts ■- 1 gallon = 8 pints - 32 gills 1 2 pipes 1 tun. 

In the U S. and Great Britain. » barrel of wine or brandy =» 31.5 
gallons -= 4.211 cub ft = cube of 1.6149 ft — cube of 19.3789 ins; in 
Pennsjdvama. a half-barrel = 16 gallons; a double barrel — 64 gals. A 
piiiielie«»ii -- 84 gals. A lleree ■== 42 gabs. 


4'ontent«* eyliiidcrs. 

Pint, 3.5 ins diam, 3 001 ins high I 2 gallons, 7 ins diam. 12.005 ins high 

Quart, :t5 “ “ 6 002 “ “ ! S “ 14 “ “ 12.005 “ " 

tlallon, 7.0 “ “ 6.002 ” " .10 “ 14 “ “ 15.006 “ “ 


Apotheearlem* or UTine Measure. 


Meftxnre. 

Rymbol. 

Puns 

Fluid 

Fluid 

Minims. 

Cubic 

Wdsht of «a(er4 

OUUCPfl 

drachms. 

tucbes. 

Pounds, BV. 

Grains. 

1 GklloD 

Coiifr * 

8 

128 

Ktti 

r>mo 

231 

8 345 

68415 

1 Fiat 

O * 

1 

i 1« 

128 

TWO 

28.875 

1 043 

Ounces, B». 

7801 .» 

1 Fluid ounce . . . 

n 


1 

8 

480 

1.8047 

1.048 

456 4 

1 t luid diacliia. . 




1 

60 

0 2250 


57 05 

1 Miiiiiii ... . 

_J!L_ 




1 

0 0038 


O.M 


Bry Measure. U. S. only. 

Based upon the old Biitiah Winchester struck bushel of 2150.42 cubic 
inches. Dimension-s, 18.5 ins inner diara ; 19.5 ins outer diam ; 8 ins deep. 
When heaped, cone not less than 6 in« high. 

2 pints = 1 quart 1 2 gallons — 1 peck == 8 qts = 16 pints 

4 quarts = 1 gallon = 8 pints ) 4 pecks -=» 1 bushel = 8 gals — 32 qts 

— 64 pints 

Cement barrels, approximate dimensions, etc. 

Portland. Height, betw'een heads, 2 to 2.2 ft. Capacity, between head.s, 
3.1 to 3.5 cu ft. Cement in barrel, net 370 to 387 lbs ; packed, 3 to 3.5 cu ft ; 
loose, 3.7 to 4.2 cu ft. Weight per cuft : packed, 114 to 123 lbs; loose, 89 
to 100 lbs.§ 

Natural. Capacity, 3.4 to 3.8 cu ft. Net weight, W^estern states, 265 
lbs ; Eastern states, 300 lbs ; making weight per cu ft, paekeii, 78 to 79 lbs. 

tlement ba|;;s. Am Soc forTe.^stmg Watenals^i specifies, Nov 14, 1904, 
that a bag sliall contain 94 lbs net, Portland, 4 bags to a barrel; natural, 

3 bags. 


♦ Abbreviation of I^atin, Congius. t Abbreviation of Latin, Octanus, 

X At its maximum density, 62.425 lbs per cub ft, corresponding to a 
temp of 4“ — 39.2° F. 

I Sanford K. Thompson, Eng. News, Oct. 4, 1900- 
^ Proceedings, 1904, Vol R ", p. 107. 
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BiiHhclH and Bnrrelti. 

A struck btishcl = 1.24446 cubic feet; 

A cubic foot = 0 80356 struck bushel; 

A flour barrel = 3.75 cubic feet = 3 struck bushels. 

In ordering by the barrel, specify it.s contents, as in pounds or in cubic inches. 

BritiNh Imperial MoaHiire. 

Act of Parliament of 1897. Order of Council issued 1898, May 19. 


Logarithm 

1 Imperial gallon = 4.545 963 1 liters 0 657 6259 

= 277 420 . cubic inches 2 443 1378 

= 1.200 952 . . I' S gallons r 0 079 5258 


To obtain the HizeM of commercial meaNiircfii by means of the 
weight of water 

See Conversion Tables (14) Weights of Vohinie.s of Water, p 241. 

(15) Volumes of Weights of Water, p 242. 
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Bfetrte Mreasnres of licnfptli. 


By U. 8. and BrltiMh Standard. 



Ins. 

Ft. 

Yds. 

Miles. 

.0.19370 

.003281 

.032809 

.3280869 

3.280869 

32.80869 

.328.0869 

3280.869 

32808.69 




39370428 

3 9370428 

.109:1623 
1.09.3623 
10 93623 
109 3623 1 
1093.623 
109:16.23 j 






39.370428 j 





393.70428 

Road 

measures. 

Hectometre 

Kilometre 

Myrlametrc * 

.0621375 

.6218750 

6.218760 


* Nearly the ,,V part of au luch. t Full Ij luoh. 

J Very nearly “s ft, 3^ lus, which is too long by only 1 pait in 8610. 


Metric Ncinare MeaNiire. 


By tJ. S. and British Standard. 



Sq. lus. 

Sq I'eet. 

Sq. Yds. 

Acres. 


.001550 

.01K)01076 

.00(K)012 



.15.5003 

15 5003 

.00107641 

.0001196 



.10764101 

.0119601 


Sq Metre, or Ontiarc 

15.50.03 

10 764101 

1.19601 

.000247 

Sq Decametre, or Are 

(TK*t 1 

1.5,5003 

1076.4101 

10764.101 

119.6011 

1196.011 

.024711 

.247110 

TTAet.fl.rp 


107641.01 

11960.11 

2.47110 

Sq Kilometre 

3861090 Mq miles. 

10764101 

1196011. 

247.110 

Sq Myriametre 

:18.61090 “ 



24711.0 


Metric I'uble or Nolld Measure. 


A<M>ordin|i: to U. S. Standard. 

Itnh those marked “ Bnl ” are British. 


Millilitre, or cnb 
Centimetre 

Cub lus. 

,0610254 

(Liquid. .0084.537 tfUl. 

“ .0070428 Brit gill. 

(Dry. .0018162 dry pint. 

Centilitre 

.610254 

(Liquid. .084.537 gill. 

“ .070428 Brit gill. 

(Dry. .018162 dry pint. 


6.10254 

(Liquid. .845:17 gill == .21i:i4 pint. 

■1 “ .70428 Brit gill = ,17607 Brit pint. 

(Dry. .18162 diy pint. 


Litre, or cubic 
Decimetre 

61 0254 

(Liquid. I.a5671 quart = 2.1 pints. 

< “ .88036 Brit quart = 1.7607 Brit pints. 

( Dry. .11351 peck = .9081 dry qt = 1.8162 dry pt. 

Decalitre, or 

Centistere 

610.254 

Cub Ft. 

.3531.56 

( Liquid. 2.64179 U. S. liquid gal. 

^ “ 2.20090 Brit gal. 

(Dry. .283783 bush = 1 1351 peck 9.081 dry qts. 

Hectolitre, or 
Decistere 

3..53156 

(Liquid. 26.4179 U. S. liquid gal. 

^ “ 22.0090 Brit gal. 

(Dry. 2.83783 bush. 

Kilolitre, or 

Cubic Metre, 
or Stere 

35.31.56 

( Liquid. 264.179 U. S. liquid gal.) 

{ “ 220.090 Brit gal. VGnb yds, 1.8080. 

(Dry. 28.3783 bush. j 

Myriolitre, or 
Decastere 

353.156 

j Liquid. 2641.79 U. S. liquid gal. 1 

{Dry. 283.783 bush. ^ } Cub yds, 13.080. 
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JHetrle Woiitrht«, reduced to common Commet-cinl or Avoif 
WeiM^hl, of 1 pound = 16 ouiiceN, or 7000 ifrains* 


Grains. 


Millic'rannm- 015432 

Contigrairtine .15432 

I)e^•i}^l■aImne l..'>132 

Gramme 15 132 

I’oimds av. 

Decaf?rarame 022046 

Hectogramme 22046 

Kilogramme 2 2046 

Myriogramme 22.046 

Quintal* ! 220 46 

Tonneau; Millier; t»r Tonne i 2204 6 


The gramme la the haaisof French weighta; and fa the irrlght of acnb centimetre of diHiillee 
water at ita wax density, at aea level, in lat of Pai is ; barom *.!».{<.!.' ins. 

French Mea.Hiires of the “Sywlemo Fsiiel.*' 

Thla syatem waa in nae fWim almiit 1812 to 1840. when It wo-s forbidden bv la?i to n»p even iu nami* 
This was dona in order to expedite tbc general iiie of the tables which we have In-forc given. But at 
the Systeme Uauel appears lu books published during the above interval, we add a table of some of Itr 
ralaes. 

IMTeaNureN of IseiiKth. 


Ligne usoel, or line. . . 
Pouoe nsuel, or inch, : 
Pled nsuel, or foot, r; 
Aune U8neI,or ell .... 
Tolsa nsuel, =0pled8. 



Yards. 

1 Feet. 

Inches. 


( 

.0911J 

1.09362 

13.12344 

47.245 

78.74172 

^ 9 I1g;npu 


.09113 

1 09t<62 
a 93706 
6.&61H1 

12 pouoes 

.3Mo4 1 
1 1 31236 

2 18727 




Weights, XJsueL j 

Cubic, or Solid, UsueL 


8375 grains. 

60 297 “ 

1 10258 avoir oz. 
.55129 avoir lb. 
1.10258 avoir lb. | 

Litrou nsuel, or 1 litre j = 1.7608 British pint. 

Bolssean nsuel j 2.7512 British gals. 

Ores nsuel 

Once nsuel 

Haro nsnel 

Uvre nsuel, { 
orpouud, J 


Before 1812, or before the **8ysteme nsuel, ” the Old System, “ Hy steme Aueien,” was in nse. 


French Measures of the **Systeme Ancien.** 


Lineal. 


Square. 



Cubic. 


Point ancien, .0148 ini 

Ligne ancien, .0888 ins.. 

Pouoe ancien, 1.06677 ins- .0888 ft 

Sq ins. 

I .00789 

I I 1359 

Hq ft. 

Sq. yds 

1 

1 

f ins 
; .(HHIT 
11.2106 

C. ft. 

C. yds. 

Pied anoien, 12 7892 108-1.06577 ft 

Anne aueien, 46.8939 ins = 8.90782 rt= 1 .30261 yds 

Tolse anoien, = 6.8946 ft=: 2.131 5 yds 

League = 2282 toises = 2.7637 miles 


i'l.i.9 

40 8808 

4.5434 , 

i 

1 

1.2106 

•261 482 

9.684! 


There is, however, much oonfuaion about these old measures, iiittereui measures bad lUc sumi* 

muM in diflerent provinoss. 


* The otofrtfifpois <|utBtal Is 100 avoirdupois p«au>ds. 
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Russian. 

Foot; same as U. S. or British foot. Machine =» 7 feet. Yerst ■» 506 
sachine =» 3500 feet =* yards = .6629 mile. Pood =■ 36.114 Bt>s avoirdupois 


Spanish. 

The Castellano of Spalu and New Granada, for weighing gold, is variously 
estimated, from 71.07 to 71.04 grains. At 71.055 grains, (the mean between the 
two,) an avomi It pois, or common commercial ounce contains 6.1572 Castellano; 
and a lb avoirdupois contains 98.515. Also a troy ounce = 6.75.53 Castellano ; and 
a troy lb = 81.064 Castellano. TlireeU.S. gold dollars weigh about 1.1 Castellano. 

The Spanish mark, or raarco, for precious metals, in South America, 
may lie talcen in practice, as .5065 of a avoirdupois. In Spain, .6076 ft. In 
other parts of Europe, it lias a great number of values; most of them, however, 
being between .5 and ..54 of a pound avoirdu{Miis. Tlie .,5065 of a ft = 3545V^ 
grains ; and .5076 ft = 3553.2 grains. 1 inarco = 50 Castellanos = 400 tomine ^ 
4800 Spanish sioW-graina. 

The arroba has various values in different parte of Spain. That of Cas- 
tii*' o- Madrid, is 25 4025 fts avoirdupois; the toiielada of Castile = 2032.2 
ft.s avoirdupois; the quintal = 101.61 ft.s avoirdupois; the libra = 1.0161 
tbs avoirdupois; the cantara of wine, Ac, of Castile = 4.263 U. S. gallon.s; 
that of Havana = 41 gallons. 

The vara of (’astile = 32.8748 inches, or almost precisely 32% inches; or 2 
feet 8% inches. The faiie§rada of land since 1801 = 1.5871 acres = 69134.08 
square feet. The faneipa of corn, Ac = 1.59914 U. S. struck hiisheis. Id 
C alifornia, the. vara by law » 83.372 U. S. inches; and the iMnaa » 500C 
varas ; or 2.6336 U. 8, milee. 
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WEIGHTS AND MEASURES. 


TAB1.E OF ACEES REOFIRED per mile, and per 100 feet, 
fer dllferent widUiM. 


Width 

Kwt. 

Acres 

per 

Mile. 

Acres 

per 

100 Ft. 

Width. 

Feel, 

Acres 

per 

Mile. 

Acres 
per 
100 Ft. 

wndth. 

Feel. 

Acres 

per 

Mile. 

Acres 
per 
100 Fl 

Width. 

Feel. 

Acres 

per 

Mile. 

Acres 

per 

lUOFt 

1 

.121 

,002 

26 

3.15 

.060 

52 

6.30 

.119 

78 

9.45 

.179 

2 

.242 

.00.5 

27 

3.27 

.062 

53 

6.42 

.122 

79 

9,58 

.181 

3 

.364 

.007 

28 

3.39 

.064 

54 

6.55 

.124 

80 

9.70 

.184 

4 

.485 

.009 

29 

3.52 

.067 

55 

6.67 

.126 

81 

9.82 

.186 

5 

.606 

.011 

30 

3.64 

.069 

f»6 

679 

.129 

82 

9.94 

.188 

6 

.727 

.014 

31 

3.76 

.071 

67 

6.91 

.131 

M 

10. 

.189 

7 

.848 

.016 

32 

3.88 

.0^ 

% 

7. 

.133 

83 

10.1 

.190 

8 

.970 

.018 

33 

4.00 

.070 

68 

7.03 

.133 

84 

10.2 

.193 

% 

1. 

.019 

34 

4.12 

.078 

69 

7.16 

.135 

8.6 

10.3 

.195 

9 

1.09 

021 

35 

4.24 

.080 

tiO 

7.27 

.138 

86 

10.4 

.197 

10 

1.21 

.023 

36 

4.36 

.083 

61 

7.39 

.140 

87 

10.5 

.206 

11 

1.83 

.025 

37 

448 

.085 

62 

7.52 

.142 

88 

10.7 

.202 

12 

1.46 

.02H 

38 

4.61 

.087 

63 

7.64 

.145 

89 

10.8 

.204 

13 

1.58 

.030 

39 

4.73 

[ .090 

64 

7.76 

.147 

90 

10.9 : 

.207 

14 

1.70 

.032 

40 

4.85 

, .092 

65 

7.88 

.149 

% 

11. 

.209 

16 

1.82 

.034 

41 

4.97 

.094 

66 

8. 

.161 

91 

11.0 

.209 

16 

1.94 

.037 

M 

5. 

.094 

67 

8.12 

.154 

92 

11.2 

.211 


2. 

.038 

42 

5.09 

.096 

68 

8.24 

.156 

93 

11.3 

.213 

17 

2 06 

.039 

43 

521 

.099 

69 

8.36 

.158 

94 

11.4 

.216 

18 

218 

.041 

44 

533 

.101 

70 

8.48 

.161 

95 

11.6 

.218 

19 

2.30 

.044 

45 

5 45 

.lai 

71 

8 61 

.163 

96 

11.6 

.220 

20 

2,42 

.046 

46 

6.58 

.106 

72 

873 

.165 

97 

11.8 

.223 

21 

2 55 

.048 

47 

5.70 

.108 

73 

1 8.85 

.168 

98 

11.9 

.226 

22 

2.67 

.051 

48 

6.82 

.110 

74 

897 

.170 

99 

t 

2227 

2;i 

2.79 

.053 

49 

5.94 

.112 

% 

9. i 

.170 

100 

12.1 

.230 

24 

2.91 

.055 


6. 

i .114 

75 

9.09 

.172 




% 

3. 

.057 

60 

6 06 

.115 

76 

9.21 

.174 




26 

3.03 

.057 

51 

1 

6.18 

1 .117 


9.33 

.177 





FiinclionH of Orndes. 


Tables of Orades, pages 255 to 257 See Figs, p. 255. 

Rise =« v, Nlope = «; horizontal distaiiee = A; sin A -= v/s; 
cos A = his; tan A — vih; ctn A — A/v; sec A <=* s/A; 
CSC A «“ siv. 


V => 8 . sin A — A . Ian A — A ~ ctn A « « esc A 
$ =■ r -r sin A = A cos A = A . sec A = v . esc A 
A == s . cos A — V ~ tan A=tJ.ctnA«=*«^ sec A 

In feet per mile, v ~ 52S0 sm A 

u A =- 52S() tan A 


Inzmall an^^les, 

approximately 

V - 0.01745 8 A® 

« - 57.30 V -r A® 
A - 57.29 i; A® 
» - « = 92.1''9 A® 

V ^ A - 92.103 A® 


The ratioH for an anicl<* nf 1® are shown in the three figures opj>o8ite, 
in which tiie angle i.s nece-ssarily exaggerated. In Nmall aiifplez the rise. 
in a given distance, may be taken as varying directly, and the sloping and 
horizontal distances, for a given rise, inversely, as the angle itself, expre.ssed 
m degrees, as indicated above in the column headetl “ In small angles.” 
Thus, in clinometer work, with small angles, 57.3 feet -t- A® =* distance 
(horizontal or sloping) in feet per foot of rise. Hence, for small angles ; 

Sloping or horizontal distance, s or A, in feet = 57.3 v -r A®. 
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I'able of ffrade^* per mile, and per 100 feet measured horl* 
zontallyy and corresponding to different angles of incUi 
nation. 


II 

Feet per 
mile. 

Feet per 
too ft. 

u a 
Q % 

Feet per 
mile. 

^Feet per 
100 ft. 

» a 

Feet pei 
mile. 

Feet per 
100 ft. 

II 

Feet par 
mile. 

Feet per 
100 ft. 

0 1 

1.536 

.0291 

0 45 

69.11 

1.3090 

1 58 

181.3 

8.4:141 

3 26 

316 8 

6.9994 

8 

3.078 

.0582 

46 

70.64 

1 3.181 

2 0 

184 4 

8.4924 

28 

819.8 

6,0e.79 

3 

4 008 

.0873 

47 

72.18 

1.3672 

S 

187.5 

8.5506 

80 

322 9 

6.1163 

4 

6.144 

.1164 

48 

73.72 

l.:i'Hi:i 

4 

190.6 

8.6087 

82 

326 0 

6 1747 

5 

7.6H0 

.1455 

49 

7.5.26 

1.42.54 

6 

193.6 

8.6669 

84 

8-29.1 

6.2330 

6 

9.216 

.1746 

50 

76.80 

1.4.545 

8 

196.7 

8.7‘250 

.36 

332 2 

6 2914 

7 

10.75 

.2037 

51 

78.13 

1.4617 

10 

199.8 

3.7833 

88 

3J5.3 

6.8496 

8 

12.29 

.2:128 

52 

79 87 

1.5128 

12 

802.8 

8.8416 

40 

338.4 

6.4088 

tt 

13 88 

.2619 

5:i 1 

81.40 

1.5419 

14 

205.9 

8.8999 

42 

341.4 

6 4664 

10 

15.:46 

.2909 

54 

82.94 

1.5710 

16 

208 9 

8.9381 

44 

344..5 

6.5246 

11 

IhitO 

.3200 

55 

84.47 

1 6OOU 

18 

212 0 

4.0163 

46 

347.6 

6.5882 

18 

1S.43 

.3491 

56 

86.01 

1.62*H 

20 

215 1 

4.0746 

48 

350 7 

6.6418 

13 

19 ‘.Ki 

.3782 

67 

87 54 

1 <..->83 

22 

218.1 

4.13W 

50 

353 8 

6.7004 

14 

81 fiO 

.4073 

58 

89 08 I 

16873 

24 

221.2 

4.1911 

52 

.H5b 8 

6.7583 

15 

[ 23 04 

.4364 

59 

90 62 

1 7164 

26 

224 3 

1 4.2494 

64 

859 9 

6.8163 

16 

1 24,')8 

.4655 

1 

92.16 

1.7455 

28 

227 4 

1 4.3076 

56 

SKIO 

6 8751 

17 

26 11 

.4946 

2 

95 23 

1.80;t8 

80 

2:10.) 

4,3659 

68 

366 1 

6.9339 

18 

27 <i4 

.5237 

4 

9H.:iO 

1.8620 

32 

2335 

4.4‘242 

4 

369.2 

6.99-26 

19 

29 17 

.6528 

6 

101 4 

1.9202 

34 

236.6 

1 4.4826 

6 

376.9 

7.1384 

80, 

30 72 

.5818 

8 

104.5 

1.9784 

36 

239 7 

; 4.5409 

10 

384.6 

7.2842 

21 

32 26 

.6109 

10 

107.5 

2.0.166 

88 

242 8 

1 4.5993 

15 

392.3 

7 4300 

88 

3.1 HO 

.onto 

12 

1106 

2 0948 

40 

245 9 

I 4.6576 

20 

400.1 

7.6767 

23 

35 33 

.6691 

14 

113 6 

2.15:k) 

42 

248.9 

1 4.71.59 

25 

407.8 

7.7284 

24 

36 86 

.6982 

16 

1 116 7 

2.2112 

44 

252 0 1 

i 4,7742 

80 

415.5 

7.8701 

25 

.38 40 

.7273 

18 

119 8 

2 2694 

46 

255.1 1 

1 4.8325 

85 

423.2 

8.0163 

26 

39 94 

.7564 

20 

122 9 

2 .3277 

48 

258.2 

4.890H 

40 

4.310 

8.1625 

27 

41 47 1 

.7855 

22 

126 0 

2 3.S59 

60 

261.8 1 

1 4.9492 

45 

438 7 

8.8087 

88 

43 01 

.8116 

24 

I‘29 1 

2 4411 

52 

264.3 1 

1 5.0075 

50 

446.5 

8 4554 

89 

44 54 ! 

.84:36 

26 

132 1 

2 .5021 

64 

267.4 

5.06.58 

65 

454.2 

8.6021 

80 

46 08 , 

.3727 

28 

1.15 2 

2 5604 

56 

270.5 i 

5.1241 

5 

461.9 

8.7489 

81 

47 62 

,9018 

30 

i:48..3 

2 6186 

58 

273.6 j 

5.1824 

6 

469.6 

8.8951 

82 

49 16 

.9;t09 

32 

141.3 

2 6768 

S 

•276.7 

6.2407 

10 

477.4 

9.0418 

S3 

50 69 

.9600 

34 ' 

144 4 

2 7350 

2 

279.7 

5.2990 

15 

485.1 

9.1875 

84 

52 23 

.9891 

36 1 

147.4 

2 7932 

4 

282.8 

6.8573 

20 

492.9 

9.S847 

85 

53 76 

1 0182 

38 ' 

150.5 

2 8514 

6 

2a5.9 

5.41.58 

26 

500.6 

9.4819 

36 

55 30 

1.0172 

40 , 

153 6 

2 90'I7 

8 

•289.0 

5 4742 

SO 

.508 4 1 

9 m->. 

37 

56 83 

1 0763 

42 1 

156 6 

2.9<,79 

10 

•292.1 

5.5326 

85 

516.1 

9 7755 

.38 

58 37 

1.1054 

41 1 

1 159.7 

8 02(. 2 

12 

295.1 

6 5909 

40 

523.9 

9.9218 

39 

59 'Kl 

1 1:145 

46 

1 162.8 

3 0844 

14 

298 2 

5.64!) 1 

45 

531.6 

10.068 

40 

61 14 

1 1616 

48 

165.9 

3 1427 

16 1 

301.3 

5.7077 

60 

5:19.4 

10.215 

41 

62 97 

1 1927 

50 

169 0 

8 2010 

18 ! 

304.4 

5.7660 

55 

647.2 

10.862 

48 

61 51 1 

I 2218 

52 

172 0 

3 2.592 

20 1 

307.6 

5.8244 

6 

655. { 

10.510 

43 

61>U4 

1 250‘» 

54 

175.1 

3.3175 

22 

310.5 

5.8827 




44 

67.57 

1.2800 

56 

178.2 

8.3768 

24 

818.6 

5.9410 





On a turnpike road 1*^ 38', or about 1 iu 35, or 151 feet per mile, is th§ 
greatest slope that will allow horses to trot down rapidly with safety. In cnesing 
mountains, this is often increased to 3®, or even to 5°. It should never exceed 2 ^ 2 “* 
except when abauLutely necessary. 

Any hor <llst is = slopint; dist X cosine anp of slope, 

sloping dist is — hoi di^t + cosine 

“ vert height is = hordi^t X tangent" " *' 

= slopin ' dist X siuc ” 

A grade of n feet rise per 100 feet boiizontal is usually called a grade o! 

fi per cent. 



/t=^»lt.»8477 A=100 lt=67.2S986 

Funetiona of grade of A degree. See p 254 . 
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WKfGHTS AND MEASURES. 


8U>PE8 IN l<EET PER 100 FT. HORIZONTAL. 


The fractions of imnut'-R ere given only to 34 feet in 10(). 

A cllnomt^ter graduated by the 3d column and numbered by the first one, 
will give at sight the slopes in feet per 100 feet. No errors Original 


alg 

Length of 
slope per 
100 ft hor. 

Angle of 
elope. 

lit 

C6 

liCOgth of 
elope per 
100 ft bor. 

Angle of 
slope. 

Rise in ft 
per 100 
ft bor. 

Ijengtb of 
slope |>er 
100 ft hor. 

Angle of 
slope. 


Feet 

Deg. 

Uin. 


Keel 

Deg. 

Mm. 


Feet. 

Deg. 

Min 

] 

100.00.'^ 

0 

34 4 

35 

105 948 

19 

17 

69 

121.495 

34 

36 


100 020 

1 

8.7 

36 

106 283 

19 

48 

70 

1'22 066 

35 

0 


too 045 

1 

43 1 

87 

106 626 

20 

18 

71 

1'22 642 

.35 

23 

4 

100 oso 

2 

17.5 

38 

106 977 

20 

48 

72 

1*23 2'23 

35 

45 

5 

100 125 

2 

51 8 

39 

107.3.16 

21 

18 

73 

121 810 

36 

8 

6 

100 180 

3 

2b0 

40 

107.703 

21 

48 

74 

124 403 

36 

30 

7 

100 245 

4 

0.3 

41 

108.079 

22 

18 

75 

l‘A5 600 

36 

52 

8 

100 .110 


34.4 

42 

108 462 

22 

47 

76 

125 603 

37 

14 

9 

100.404 

f) 

8.6 

43 

108.853 

23 

16 

77 

126 ‘210 

37 

36 

10 

100.499 

.5 

42 6 

44 

109 252 

23 

45 

78 

1‘26 8‘23 

37 

57 

11 

100.601 

6 

16 6 

45 

109 659 

24 

14 

79 

1‘27 440 

38 

19 

12 

100 717 

6 

506 

46 

110 073 

24 

42 

80 

1‘28 062 

38 

40 

M 

100 841 

7 

24 4 

47 

no 494 

25 

10 

81 

128 600 

.39 

1 

U 

100 975 

7 

58 2 

48 

no 921 

25 

38 

82 

1‘29 321 

39 

21 

1) 

101 119 

8 

31 0 

49 

111.359 

26 

6 

83 

1*29 9.58 

.39 

42 

16 

101.272 

9 

54 

50 

111 m 

26 

.34 

84 

1.30 599 

40 

2 

i: 

101 i3i) 

9 

38 9 

51 

112 2.54 

27 

1 

85 

131 ‘244 1 

40 

‘22 

IS 

101.607 

10 

12 2 

52 

112 712 

27 

28 

86 

1.31 894 

40 

42 

19 

101.789 

10 

45 5 

53 

113 177 

27 

55 

87 

132 548 

41 

1 

20 

101.9W0 

11 

18 6 

54 

113 649 

28 

22 

88 

18.3 ‘207 

41 

21 

21 

102 l«l 

11 

51 6 

55 

114 127 

28 

49 

89 

1,33 869 

41 

40 

22 

in2.:i9l 

12 

'24 5 

56 

114 61*2 

29 

15 

90 

1.34 5;m 

41 

59 

23 

102 611 

12 

57 2 

57 

115 104 

‘29 

41 

91 

13.5 207 

42 

18 

24 

102 840 

13 

■29 8 

58 

115.603 

30 

7 

92 

135 882 

42 

87 

25 

103 078 

14 

2 2 

59 

116 108 

SO 

32 

93 

136 5<>l 

42 

55 

26 

103 325 

14 

S4 

60 

116 619 

.30 

58 

94 

1.37 ‘244 

43 

14 

27 

10.3 581 1 

15 

66 

61 

117 137 

1 81 

23 

95 

LIT 911 

43 

3‘2 

■2S 

101846 

ir. 

38 5 

62 

117 661 

31 

48 

96 

138 622 

4.1 

60 

^2» 

104.120 ! 

16 

10 3 

6.1 

118 191 

32 

13 

97 

119.311. , 

44 

8 

to 

I0» 4<'3 ' 

Ih 

4'2 0 

64 

n8 7‘27 

.32 

37 

98 

1 140 014 1 

44 


11 

104.695 

17 

13 4 

65 

119 '269 

,33 

1 

IS) 

140 716 1 

44 

4.“, 

12 

lot.iw., ! 

17 

44,7 

66 

119 817 

33 

25 

100 

141 421 1 

45 

OO 

13 

10') 104 

18 

15 K 

67 

120 370 

33 

49 

101 

142 1.3(1 

4.5 

17 

M 

103,622 

18 

46 7 

68 

r2« 93(1 

34 

1.3 

102 

14-2 843 

46 

34 


In describing railroad i^radefi, it ia usual, as in our tables to reier tbr 
rise, A, to the corresponding length, B. Wc then have 

length B 

the fanr/ent of the angle, a, between the plane and i ik 
^ \ borizoiital. If the rise, A, he riferred to tlie shpmu 

' [ fraction is proportional to the eomponent, S, of the 

J\P I weight, W, ill the direetion of the slope. I'lnis on a 

'\Jy\n \ I IJrade where rise, A, 0.1 X sloping length, C, we 

^ — I iiave sin « ^ O 1, and S - 0.1 W The ta'»gvi\t of « ]<. 

I tv' u/j;o<?xirt<a<e/// proportional toS; hut the steepest 

1 I grades, siirtnonmed by traction onlv, even on electric 

K J5 s! raihvajs, rarelv, if ever, excml I'tom 13 to 15 per 

• j cent; and, on these, the error, due to nstiig tan a in- 

stead of sin a, is b'ss tiiaii a dim'rence of 0.2 per cent 
m the grade, atid aliout — 1 per cent of tin* tine value of S. p'or steeper grinles, 
such as lliose of rack railways, it should alwavs be speeified whether the rise 
refers to the horizontal or to the sloping inea'-nreinent. 

TransverH« l»lopes»,sncli as thoseof earth work, are sometimes, like railroad 

grades, stated in ^ „suaiiy jq jl g 

ft horizontal ' B’ ft vertical ’ A 

^ is the cotangent of the angle, a, with the horizontal, or the tangent of the 


angle (900-/7) with the vertical. Thii.s stated, a slope of 2 to 1 means a slope of 2 
horizontal to 1 vertical. 
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Table of grradea per mile; or per 100 feet measured herl« 
son tally. 


Orado 
in ft. 
jM'r mile 

Grade 
in ft. 
per 100 ft 

Grade 

In ft. 
per mile. 

Grade 

In ft. 
per 100 ft 

Grade 
in ft. 
IK‘rmilc. 

Grade 
in ft. 
per 100 ft 

Grade 
in ft. 
per mile 

Grade 
iuft. 
per 100 ft. 

1 

.01.804 

39 

.7364 

77 

1 45833 

115 

2.17803 

i 

.03788 

40 

.76758 

78 

1 1.47727 

116 

2.10697 

3 

.01682 

41 

.77652 

79 

1.49621 

117 

2.21691 

4 

07576 

42 

.79545 

80 

1.51615 

118 

2.2.3485 

3 

.09470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-11304 

44 

.83333 

82 

1.55303 

120 

2.27278 

7 

.13258 

45 

.85227 

83 

1.57197 

1-21 

2.29167 

8 

.15152 

46 

.87121 

84 

1..59091 

122 

2.31061 

9 

.17045 

47 1 

.89016 

85 

1.60985 

123 

2212965 

10 

.18939 

48 1 

.90909 

86 

1 62879 

124 

2.34848 

11 

.‘2033.3 

49 I 

.92803 

87 

1.64773 

1-26 

2.36742 

12 

.22727 

50 I 

.94697 

88 

1.66666 

126 I 

2.88636 

13 

.246 J1 

51 1 

.96591 

89 

1.68561 

127 ' 

2.40530 

14 

.‘26,515 

62 ; 

.98485 

90 

1.70455 

128 

2 42424 

16 

228409 

63 1 

1.00379 

91 

1.72848 

129 

2.44318 

16 

.30.30.‘l 

64 

1.0*2273 

9-2 

1.74242 1 

130 

2.46212 

17 

32197 

55 

1.04167 

93 

1.76136 

131 

2.48106 

18 

..31091 ' 

56 

106061 

04 

1.78030 i 

132 

2 50000 

19 

..'159S5 1 

67 

1.07055 

95 

179924 

133 

2.51894 

20 

.,37.879 

68 

1.00848 

96 

1.81818 

134 

2.63788 

21 

.,39773 

69 

1 1 1742 ' 

‘ 97 

1.83712 

135 

2 55682 

22 

.41667 

60 

1.13636 

98 

1.85606 

136 

2.57576 

23 

.43561 

61 

1 15530 

99 

1.87.500 

137 1 

2.59470 

24 

.454.55 

62 

1.17424 

100 

1.89394 

138 

2.61364 

25 

.47.348 

63 

1.10318 

101 

1.912S8 

139 

2.63258 

26 

.49242 

64 

1.21-212 

10-2 

1.93182 

140 

n.63162 

27 

.61136 

65 

1.2.3106 

103 

1 95076 

141 1 

2.67045 

•28 

.fWiOJO 

66 

1-25000 

104 

1.96970 

142 

2.68939 

•29 

..54024 

67 

1.26894 

105 

1.98864 

143 

270833 

I'JQ 

..56318 

68 

1.-28788 

106 

2.007.58 

144 

2 7 2727 

31 

,.58712 1 

69 

1.30682 

107 

2.02652 

145 

2.74621 

:vi 

.6)606 1 

70 

132576 

108 

2.04545 

146 

2 76515 

.VI 

.62600 1 

71 

1.34170 

109 

2.06439 

147 

2.78409 

:14 

64394 

72 

1 3 .364 

no 

2.08313 

148 

2.80303 

.15 

.66288 

73 

1 38258 

111 

2.10227 

149 

2.82197 

:i6 

.08132 

74 

1.4015-2 

112 

2.12121 

150 i 

2.84091 

.37 

.'.0076 

7.5 

1.4-2045 

113 

2.14015 

151 

2 85985 

■18 

.Tl'iTO 

76 

1.43939 

114 

2.15909 

152 1 

2.87879 


II tho grade per mile ehould coneist of feet ana tenths, add to the grade per 100 
feet iu the fitr>-going that cot responding to tlie number of tenths taken from 
the table below ; thus, for a grade t»f 4J.7 tool t»ei mill-, we have .814,i9 + .01326 
.82765 feet per 100 feet. 


Ft iK-rMUe. 

Per 190 Feet. 

Ft. per Mile 

Per 100 Feet 

Ft per Mile. 

Per 100 Feet 

.05 

.00091 

.4 

.00758 

.7 

.01326 

.1 

.00189 

.45 

.00832 

.76 

.014-20 

.15 

.00283 

.6 

.00947 

.8 

.01515 

.2 

.00379 

.56 

.01041 

.86 

.01009 

.25 

.00473 

.6 

.01136 

.9 

.01706 

A 

.85 

.00608 

.OOG62 

.65 

,01*230 

.95 

.0178^ 
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WEIGHTS AND MEASURES. 


TABLE OF HEADS OF WATER CORRESPONDING TO 
GIVEN PRESSURES. 

Water at maximum density, 62.42S lbs. per cubic foot = 1 gram per cubic 
centimeter ; corresponding to a temperature of 4° Centigrade = 159 Fahrenheit. 

Head in feet = 2.306768 X pressure in lbs. por squaie inch, 

“ “ — 0.0160192 X pressure in lbs. per square toot 

Heads corresponding to pressures not given in the table can be found by these 
formulte, or taken from the table by simple proportion. 


PresHure. 

Head. 

j Pressure. 

1 Head. 

1 Pressure. 

Head. 

Ibe. pel 
aq in. 

lbs per 
sq. ft. 

Feet. 

lbs poi 
sq ID 

Ibe. per 
sq it. 

Feet. 

lbs. per 
sq. m. 

lbs per 
sq. ft. 

Feet. 

1 

144 

2.3068 

51 

7344 

117.645 

101 

14544 

232.984 

2 

288 

4.6135 

52 

7488 

119.952 

102 

14688 

235 290 

3 

432 

6.9203 

53 

7632 

122 259 

103 

14832 

237.597 

4 

676 

9.2271 

54 

7776 

124.565 

104 

14976 

239 904 

a 

720 

11.5338 

55 

7920 

126.872 

105 

15120 

242.211 

6 

864 

13.8406 

66 

8064 

129.179 

106 

15264 

244.517 

7 

1008 

16.1474 

67 

8208 

131.486 

107 

15408 

246.824 

8 

1152 

18.4541 

58 

8352 

13;} 793 

108 

15552 

249.131 

9 

1296 

20 7609 

59 

8496 

136.099 

109 

15696 

251.438 

10 

1440 

23.0677 

60 

8640 

138.406 

110 

15840 

253.744 

11 

1684 

25.3744 

61 

8784 

140.713 

111 

15984 

256.051 

12 

1728 

27.6812 

62 

8928 

143.020 

112 

16128 

258 358 

13 

1872 

29.9880 

63 

9072 

145.326 

113 

16272 

260.665 

14 

2016 

32.2948 

64 

9216 

147.633 

114 

16416 

262 972 

16 

2160 

34.6015 

65 

9360 

149.940 

115 

10560 

265.278 

16 

2304 

86.9083 

66 

9504 

162.247 

116 

16704 

267.585 

17 

2448 

89.2151 

67 

9648 

154.553 

117 

16848 

269.892 

18 

2592 

41.5218 

68 

9792 

156.860 

118 

16992 

272.199 

19 

2736 

43.8286 

69 

9936 

159.167 

119 

17136 

274.505 

20 

2880 

46.1354 

70 

10080 

161.474 

120 

17280 

276.812 

21 

3024 

48.4421 

71 

10224 

163.781 

121 

17424 

279.119 

22 

3168 

60 7489 

72 

10368 

166,087 

122 

17568 

281.426 

23 

3312 

63.0.557 

73 

10512 

168..394 

123 

17712 

283.732 

24 

3456 

55.3624 

74 

106.56 

170.701 

124 

17856 

286.039 

25 

8600 

57.6692 

75 

10800 

173.008 

125 

18000 

288.346 

26 

3744 

59.9760 

76 

10944 

175.314 

126 1 

18144 

290.653 

27 

3888 

62.2827 

77 

11088 

177.621 

127 

18288 

292.960 

28 

4032 

64.5895 

78 

11232 

179.928 

128 ’ 

18432 

295.266 

29 

4176 

66.8968 

79 

11376 

182.2;t.5 

129 

18576 

297.573 

SO 

4320 

69.2030 

80 

11.520 

184.541 

130 

18720 

299,880 

31 

4464 

71.5098 

81 

11664 

186 848 

131 

18864 

302.187 

82 

! 4608 

73.8166 

82 

11808 

1 189.155 

132 ! 

19008 

304.493 

33 

> 4752 

76.1233 

83 

119.52 

191.462 

1,33 

19152 

30G.H00 

34 

4896 

78.4301 

84 

12096 

19:{.769 

1.14 

19296 

309.107 

86 

5040 

80.7369 

85 

12240 

196.075 

135 

19440 

:}11.414 

86 

5184 

83.0436 

86 

12384 

198.;382 

136 

19584 ’ 

313 720 

87 

6328 

85.3504 

87 

12528 

2U0.689 

137 

19728 ’ 

316.027 

88 

5472 

87,6572 

88 

12672 

202.996 

138 

19872 

318.334 

39 

5616 

89.9640 

89 

12816 

205,302 

139 

20016 

320.641 

40 

6760 

92.2707 

90 

12960 

207.609 

140 

20160 

322.948 

41 

6904 

94.5775 

91 

13104 

209.916 

141 

20304 

825.254 

42 

6048 

96 HS43 

92 

1,3248 

212.223 

142 

20448 

327.661 

43 

6192 

99.1910 

93 

13392 

214.529 

143 

20592 

329.868 

44 

6386 

101.4978 

94 

13536 

216,836 

144 

20736 

332.175 

45 

6480 

103.8046 

95 

13680 

219.143 

145 

20880 

334.481 

46 

6624 

106.1113 

96 

13824 

221.450 

146 

21024 

3:16.788 

47 

6768 

108.4181 

97 

13968 

223.750 

147 

21168 

339.096 

48 

6912 

110.7249 

98 

14112 

226.063 

148 

21312 

341.402 

49 

7056 

113.0316 

99 

14256 

228.370 

149 

21466 

843.708 

50 

7200 

115.3384 

100 

14400 

230.677 

160 

21600 

346.016 
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Table of grradea per mile; or per 100 feet measured herl« 
son tally. 


Orado 
in ft. 
jM'r mile 

Grade 
in ft. 
per 100 ft 

Grade 

In ft. 
per mile. 

Grade 

In ft. 
per 100 ft 

Grade 
in ft. 
IK‘rmilc. 

Grade 
in ft. 
per 100 ft 

Grade 
in ft. 
per mile 

Grade 
iuft. 
per 100 ft. 

1 

.01.804 

39 

.7364 

77 

1 45833 

115 

2.17803 

i 

.03788 

40 

.76758 

78 

1 1.47727 

116 

2.10697 

3 

.01682 

41 

.77652 

79 

1.49621 

117 

2.21691 

4 

07576 

42 

.79545 

80 

1.51615 

118 

2.2.3485 

3 

.09470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-11304 

44 

.83333 

82 

1.55303 

120 

2.27278 

7 

.13258 

45 

.85227 

83 

1.57197 

1-21 

2.29167 

8 

.15152 

46 

.87121 

84 

1..59091 

122 

2.31061 

9 

.17045 

47 1 

.89016 

85 

1.60985 

123 

2212965 

10 

.18939 

48 1 

.90909 

86 

1 62879 

124 

2.34848 

11 

.‘2033.3 

49 I 

.92803 

87 

1.64773 

1-26 

2.36742 

12 

.22727 

50 I 

.94697 

88 

1.66666 

126 I 

2.88636 

13 

.246 J1 

51 1 

.96591 

89 

1.68561 

127 ' 

2.40530 

14 

.‘26,515 

62 ; 

.98485 

90 

1.70455 

128 

2 42424 

16 

228409 

63 1 

1.00379 

91 

1.72848 

129 

2.44318 

16 

.30.30.‘l 

64 

1.0*2273 

9-2 

1.74242 1 

130 

2.46212 

17 

32197 

55 

1.04167 

93 

1.76136 

131 

2.48106 

18 

..31091 ' 

56 

106061 

04 

1.78030 i 

132 

2 50000 

19 

..'159S5 1 

67 

1.07055 

95 

179924 

133 

2.51894 

20 

.,37.879 

68 

1.00848 

96 

1.81818 

134 

2.63788 

21 

.,39773 

69 

1 1 1742 ' 

‘ 97 

1.83712 

135 

2 55682 

22 

.41667 

60 

1.13636 

98 

1.85606 

136 

2.57576 

23 

.43561 

61 

1 15530 

99 

1.87.500 

137 1 

2.59470 

24 

.454.55 

62 

1.17424 

100 

1.89394 

138 

2.61364 

25 

.47.348 

63 

1.10318 

101 

1.912S8 

139 

2.63258 

26 

.49242 

64 

1.21-212 

10-2 

1.93182 

140 

n.63162 

27 

.61136 

65 

1.2.3106 

103 

1 95076 

141 1 

2.67045 

•28 

.fWiOJO 

66 

1-25000 

104 

1.96970 

142 

2.68939 

•29 

..54024 

67 

1.26894 

105 

1.98864 

143 

270833 

I'JQ 

..56318 

68 

1.-28788 

106 

2.007.58 

144 

2 7 2727 

31 

,.58712 1 

69 

1.30682 

107 

2.02652 

145 

2.74621 

:vi 

.6)606 1 

70 

132576 

108 

2.04545 

146 

2 76515 

.VI 

.62600 1 

71 

1.34170 

109 

2.06439 

147 

2.78409 

:14 

64394 

72 

1 3 .364 

no 

2.08313 

148 

2.80303 

.15 

.66288 

73 

1 38258 

111 

2.10227 

149 

2.82197 

:i6 

.08132 

74 

1.4015-2 

112 

2.12121 

150 i 

2.84091 

.37 

.'.0076 

7.5 

1.4-2045 

113 

2.14015 

151 

2 85985 

■18 

.Tl'iTO 

76 

1.43939 

114 

2.15909 

152 1 

2.87879 


II tho grade per mile ehould coneist of feet ana tenths, add to the grade per 100 
feet iu the fitr>-going that cot responding to tlie number of tenths taken from 
the table below ; thus, for a grade t»f 4J.7 tool t»ei mill-, we have .814,i9 + .01326 
.82765 feet per 100 feet. 


Ft iK-rMUe. 

Per 190 Feet. 

Ft. per Mile 

Per 100 Feet 

Ft per Mile. 

Per 100 Feet 

.05 

.00091 

.4 

.00758 

.7 

.01326 

.1 

.00189 

.45 

.00832 

.76 

.014-20 

.15 

.00283 

.6 

.00947 

.8 

.01515 

.2 

.00379 

.56 

.01041 

.86 

.01009 

.25 

.00473 

.6 

.01136 

.9 

.01706 

A 

.85 

.00608 

.OOG62 

.65 

,01*230 

.95 

.0178^ 
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WEIGHTS ANI) MEASURES. 


TABLE OF PRESSIJBFJi (Continued). 


fleni] 

1 Pressure. | 

Head 

1 Pressure. | 


1 Pressure. 

Feet. 

lbs, per 

Iba. per 


lbs. per 

lbs. per 


lbs. per 

1 Iba. per 


aq. in. 

eq. ft. 


sq. in. 

aq. ft. 


aq in. 

1 aq. ft 

112 

48 5528 

6991.600 

144 

62.4250 

8989.200 

176 

76.2972 

' 10986.800 

113 

4H.986;i 

7054.025 

145 

62.3585 

9051 625 

177 

76.7:407 

; 11049 225 

114 

49.4198 

7116.450 

146 

63 2920 

9114.0,50 

178 

77.1642 

i 11111.6.50 

115 

49.3533 

7178.875 

147 

63.72.55 

9176.475 

179 

77 5978 

111174 075 

116 

50.2868 

7241.300 

148 

64 1590 

9238 900 

180 

78 031:4 

1 11236.500 

117 

50 7203 

730:i.725 

149 

64.592.5 

9:401.325 

181 

78.1618 

! 1 1298.92.5 

118 

51.1.538 

7:466.150 

150 

65.0260 

9;46;4,7.50 

182 

78.8983 

' 11.361.3,50 

119 

51.5873 

7428.576 

1.51 

65.4596 1 

9426.175 

m 

79 :4:ii8 

11423.77.5 

120 

52.0208 

7491.000 

1.52 

65 8931 

9488.600 

184 

79.76.53 

11486.200 

121 

52 4543 

7.5.5:5.425 

1.53 

66 3266 

9.551,025 

185 

80.1988 

11.548.625 

122 

52.8879 

7615.850 

1.54 

66 7601 

961:4.4.50 

186 I 

80.6:423 

11611 0,>O 

123 

63.3214 

7678 275 

1.55 

67.19.46 

9675.875 

187 

81 06,58 

11 (. 7 : 1 475 

124 

53.7549 

7748.700 

1.56 

67.6271 

97:48.:400 

188 

81,4993 

117 : 4 . 5.900 

126 

64.1884 

7803 125 

1.57 

68.0606 

9800.725 

189 

81.9:428 

1179S.;42.5 

126 

54 6219 

7865.5,50 

1.58 

68 4911 

9863 150 

190 

82.3663 

11.H60.7.50 

127 

5.*).0o,54 

7927.975 

159 

(>8 9276 

9925.575 

191 

82.7998 ' 

1192:4 175 

128 

55.4889 

7990 400 

1()0 

69 :4611 

9988.000 

192 

83 2 . 33:4 

' 119S.5.6(H1 

129 

55.9224 

! 80,52 825 

161 

69.7946 

l(Ml.50 425 

19:4 i 

8:4 6669 

^204.^ 025 

180 

56.3.55& 

8115.250 

1C.2 

1 70.2281 

10112 8.50 

194 

84 1004 

121 UM.50 

131 

56.7894 

8177.675 

163 

70 6616 

10175 275 

195 

84.5.3.39 

12172 875 

132 

57,2229 

8240.100 

164 

! 71.09.51 

102:47.700 

196 

84 9li74 

122;45..300v 

133 

57,6.564 

8302.525 

165 

71 .5287 

10.300.12.5 

197 

8.5.4009 

12297.725 

134 

58 0899 

8364 9.50 

166 

71.9622 

10:462.550 

198 

8.’).8:{44 : 

12:460 1.50 

135 

58.52:44 

8427.375 

167 

72.3957 

10424 975 

199 

86.2679 i 

12422 .575 

136 

58.9570 

8489.800 

168 

1 72.8292 

10487.400 

200 

86,7014 

12485 000 

137 

59 3905 

3552.225 

169 

173 2627 

10549 825 

201 

87 1349 

12.547.425 

138 

59.8240 

8614.650 

170 

73 6962 

10(>12.2.50 

202 

87.5684 

12609 8.50 

139 

60.2575 

8677.075 

171 

74.1297 

10674.675 

20:4 

! 88 0019 ! 

12672,275 

140 

60.6910 

8739 500 

172 

1 74.56:42 

107:47.100 

204 

88.4354 ' 

127 : 44.700 

141 

61.1245 

8801.92.5 

173 

1 74 9967 

10799 525 

205 

88 8689 1 

12797 125 

142 

61.5580 

8864 350 

174 

i 75.4302 

10861.9.50 

206 

89.3024 

1 28.59 .5.'KJ 

143 

61.9915 

8926 775 

175 

: 75.8637 

10924.375 

207 

89 73159 1 

12921.976 
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Total pressure, P, against a vert plane, n o, 
of unit widtli, ?/. perp to the paper, and of depth, D 
«= n o, beginning at water surf, n. Area of piane 
— a D ^ ‘1 h\ h ^ depth from surf, n, to cen 
»f grav, < 1 , of ])lane, n o. Water at its max density, 
or to 1 gtain per eu cm — lbs per eu ft, 

conoponding to a temp of 4“ C 3J.2'’ F. 
Let ho - w 1) -- unit pies at depth, D. Then 

7#’ / ^ 

^ D ^^v'ha. Hence, 7^ IS represented by 

area of li ianglc, n b o. 



Witli I> iM meters, and y ~ I meter, P, in kilograms, - otK) D-. 

With D 111 teet, ami y — 1 foot, P,m pounds, - 31 .2125 

With D in inches, and i/ — 1 foot, P, in pounds, = 0.21676 D®. 

Tolul prossiiro, P, in 1 I»h, on vortical plane, 1 ft wide, 

extending from Neater suif to depth, D. 


D. 

P. 

1 ). 

P. 

D. 

P. 

D. 

p. 

ins. 

lbs. 

ins. 

lbs. 

ins. 

lbs. 

ins. 

lbs. 

1 

0.2168 

7 

10.621 

15 

48.770 



2 

0.8670 

8 

13.872 

18 

70.229 

36 


3 

1.9508 

9 

17.557 

21 

95.589 

42 

382.36 

4 

3.4681 

10 

21.675 

24 

124.85 

48 

499.40 

5 

5.4189 

11 

26.227 





6 

7.8032 

12 

31.213 





D. 

P. 

I>. 

P. 

D. 

P. 

D. 

P. 

ft. 

lbs. 

ft. 

lbs. 

ft. 

lbs. 

ft. 

lbs. 

1 

31.213 

26 

21,100 

51 

81,184 

76 

180,283 

2 

124.85 

27 

22.754 

52 

84,399 

77 

185,059 

3 

280.91 

28 

24,471 

53 

87,676 

78 

189,897 

4 


29 

26,250 

54 

91,016 

79 

194,797 

5 

780.31 

30 

28,091 

55 

94,418 

80 

199,760 

6 

1,123.7 

31 

29,995 

56 

97,882 

81 

204,785 

7 

1,529.4 

32 

31,962 

57 

101,409 

82 

209,873 

8 

1,997.6 

33 

33,990 

58 

104,999 

83 

215,023 

9 

2,528.2 

34 

36,082 

59 


84 

220,235 

10 

3,121.3 

35 

38,235 


112,365 

85 

225,510 

11 

3,776,7 

36 

40,451 

61 

116,142 

86 


12 

4,494.6 

37 

42,730 

62 

119,981 

87 


13 

5,274.9 

38 

45,071 

63 

123,882 

88 

241,710 

14 

6,117.7 

39 

47,474 

64 

127,846 

89 

247,234 

15 

7,022.8 

40 

49,940 

65 

131,873 

90 

252,821 

16 

7,990.4 

, 41 

52,468 

66 

135,962 

91 

258,471 

17 

9,020.4 

42 

55,059 

67 

140,113 

92 

264,183 

18 

10,113 

43 

57,712 

68 

144.327 

93 

269,957 

19 

11,268 

44 

60,427 

69 


94 


20 

12,485 

45 

63,205 

70 

152,941 

95 


21 

13,765 

46 

66,046 

71 

157,342 

96 

287,654 

22 

15,107 

47 

68,948 

72 


97 

293,678 

23 

16,511 

48 

71,914 

73 

166.331 

98 

299,765 

24 

17,978 

49 

74,941 

74 

170,920 

99 

305,914 

25 

19,508 

50 

78,031 

75 

175,570 

l■Ea 

312,125 


For depths not found in the table, wo have, for any depth. D ' : 
total pre«.re.r. - n - any number. 

rhus, for a depth, D', of 8.5 feet, we may take n = 2. Then : 

, total pressure for 2 X 8.5 ft 9020.4 . .. 

total pressure, P, « - — ^ •“ “ 2255.10 Iba 

For a portion, e d, of the plane, we have, for total pressure on e d 
represented by trapezoid, d s: 

total pressure on e d »■ total pressure on n d — total pressure on » «. 
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TABIiE OF OISCHAROES IN CUBIC FEET PER SECOND 
CORRESPONDING TO GIVEN DISCHARGES IN U. S. 
GAEEONS PER 24 HOURS. 

U. S. gallon = 231 cubic inches. 

Discharge in cubic feet per second = l.*)4723 x discharge in millions of U. S. gal- 
lons per 24 hours. 


Millions 
of U. S. 
gals, per 
24 lira. 

f'ubic feet 
per second. 

Millions 
ol U S 
gals, per 
24 hrs. 

Cubic feet 
per second. 

Millions! 
ofu.s ; 
gals, per 
24 hrs. 

Cubic foi‘t 
per second. 

Millions 
of 11. S. 
galfi per 
24hi-8. 

Cubic feet 
per second 

.010 

.0154723 

13 

20.1140 

43 

66.5308 

72 

111.400 

.020 

.0309446 

14 

i 21.6612 

44 

6.8.0781 

73 

112.948 

.030 

.0464169 

15 

23.2084 

45 

1 69.6253 

74 

114.495 

.040 

.0618891 

16 

24 75.'^7 

46 

71.1725 

75 

116.042 

.050 

.0773614 

17 

26 3029 

47 

72.7197 

76 

117.589 

.000 ! 

.0928337 

18 

27.8501 

48 

74 2670 

77 

119.137 

.070 

.108306 

19 

29.3973 

49 

7.5.8142 

78 

120.684 

.O.H0 

.123778 

20 

30 9446 

.50 

77.3614 

79 

122.231 

.090 

.139251 

21 

32.4918 

51 

78.9087 

80 

123.778 

.100 

.1.54723 

22 

34 0390 

52 

80.4,559 

81 

12,5.326 

.200 

.309446 

23 

35.5863 

53 

82.0031 

82 

126.873 

.300 

.464169 

24 

37.1,335 

64 

83.5.503 

83 

128.420 

.400 

.618891 

25 

38 6807 

65 

a5.0976 

84 

129.967 

.500 

.773614 

26 

40.2279 

56 

86.6448 1 

85 

1:41.614 

,600 

.928337 

27 

41.77.52 

.57 

88.1920 

86 

l:4:i.062 

.700 

1 08306 

28 

43 3224 

68 

89.7393 

87 

1:44.609 

,800 

1.23778 

29 

44 8696 

59 

91.2865 

88 

136.156 

.900 

1 39251 

30 

46.4169 

60 

92.8:437 

89 

137.703 

1 

1 ,54723 

31 

47 9641 

61 i 

94 .3809 

90 

139.251 

2 

3,09446 

32 

49.5113 

62 

95.9282 

91 

140.798 

3 

4 64169 

.33 

51.0.585 

63 

97.4754 

92 

142.345 

4 

6.18891 

34 

,52.6058 

64 

99.0226 

93 

143.892 

5 

7 73614 

35 

54 1,530 

65 

100.570 

94 

145.439 

6 

9.28337 

36 

.55.7(8)2 1 

66 

102.117 

95 

146.987 

7 ! 

10.8306 

37 

57.247,5 ! 

67 

10:1.664 

96 

148.534 

b 

12.3778 

38 

58.7947 

68 

105.212 

97 

150.081 

9 

13 92.51 

39 

60.3419 

69 

106.7.59 

98 

1.51.628 

19 

15 4723 

40 

61.8891 

70 

108.:i06 

99 

153.176 

21 

17.0195 1 

41 

63 43(V1 

71 

109.a53 

100 

154.723 

12 

18.5667 1 

42 

64 9836 
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TABI.E OF DISCHARGES IM CUBIC FEET PER SECOND 
CORRESPONDING TO GIVEN DISCHARGES IN IB- 
PERfcAL GALLONS PER 24 HOURS. 

Imperial gallon = 277.274 cubic inches. 

Discharge in cubic feet, per second == 1.S5717 X daschaige in Imperial gallons per 

24 hours 


Millions 
of Imp. 
gals. i>er 
24 hi-a 

1 

Cubic feet 
per wsxmd 

1 

Millions 
ol Imp 
gals per 
24 hrs. 

! 

i Cubic feet 
per 8ec.oiid. 

Millions 
ut Imp. 
gills per 
24 his 

CiiNc feel 
persiH-ond. 

Millions 
of Imp 
gals, per 
24 hrs. j 

1 Cubio fwf 
|Pei second 

.010 

.0185717 

13 j 

24 1432 

43 

79 8.583 

72 i 

1337162 

.020 

.03714.}4 

14 

26 0004 

44 

81.71,55 

73 

135 57.(1 

.030 

.0.5.57151 

1.5 

27 .8576 

45 

83 5727 

74 ! 

[ 1.17.1.(06 

.040 

.0742868 

16 

29.71 17 

46 

85 4298 

75 

139 2878 

.0.i0 

.0928,585 

17 

31 .5719 

47 

87 28/0 

76 

141 1410 

.060 

.111430 

18 

33 4291 

48 

89 1 142 

77 

1 1.( 0021 

.070 

.130002 

19 

35 2862 

49 

91 0013 

78 

1 11 .8.593 

.080 

.148.574 

20 

37 1434 

50 

92 8,58,5 

79 

116.7164 

.090 

.167145 

21 

39 0006 

51 

94 71.57 

80 

1 IS .5736 

.100 

.18,5717 

22 

40 8577 

52 

96 ,5728 

81 

1.50 4308 

.200 

.371434 

2.3 

42 7149 

53 

98 4.100 

82 

1.52 2879 

;ioo 1 

.5.57151 

24 

44 5721 

54 

100 2872 

83 

1.54 1451 

.400 ! 

.742868 

2.5 

46 4293 

.55 

102 1441 

81 

1.56.0023 

.500 ' 

.928.585 

26 

48 2864 

.56 

104 0015 

85 

1,57.8,59.5 

.600 

1 11430 

27 

.50 1436 

57 

105 8587 

86 

1.59 7166 

.700 

1 .30002 

28 

.52 OOOH 

58 

107 7159 

87 

161.5738 

.800 

1.4S574 

29 

.53 8579 

.59 

109 .57.!0 

88 

163 4.110 

.900 1 

16714.5 

30 

,557151 

60 1 

111 l!('2 

89 i 

16.5 2881 

1 

1.85717 

31 

.57 572.5 

61 ! 

11.12871 

90 ^ 

167 115.1 

2 : 

.3 711.34 

32 

.59.4291 

62 ] 

H51ir> 

91 i 

169.002.5 

3 

5.57 151 

33 

61.2S(,6 

63 

117 0017 

92 

170 8.596 

4 1 

7 12868 

34 

63 14.58 

61 I 

11.8.8.5.89 

93 ’ 

172.7168 

5 

9 2s5H,5 

35 

0.5 0010 

(i5 ' 

120 7Hi0 

94 , 

174.5740 

6 

11 14 iO 

.36 

66 8581 

(.6 ' 

122.5732 

95 1 

176.1312 

7 

13 0002 

37 

68 71.53 

67 

121 1 (Ol 

96 

17,8.2883 

8 

14 8,574 

38 1 

70.5725 

68 

12«‘.2‘'76 

97 ' 

180 14.5.5 

9 

16 714.5 

39 

72 4290 

(59 '■ 

128 1117 

98 , 

182 0027 

10 

18..5717 

40 

74 2868 

70 

130.0019 

99 j 

18.{.S,59S 

11 ; 

20.4280 

41 : 

V'l 1 140 

71 

1.11. .8.591 

100 

185 7170 

12 

22 2860 

42 

7,8 001 1 



1 
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TABLE OF DlSiUHAROES IN GALLONS PER 24 HOVRS 
CORRESPONDING TO GIVEN DISCHARGES IN CUBIC 
FEET PER SECOND. 

U. S gallon — ‘2S1 cubic inches. Imperial gallon = 277 274 cubic inches 
Discharge in U. S. gallons per 24 hours — G46317 X discharge in cubic feet 

jMjr second. 

Discharge in Imperial gallons per 24 hours = 538454 X discharge in cubic feet 

per second. 


1 

lb. ft. 1 
race. 

Millimis of 

U. S galluns 
per 24 hours. 

Mil lions of 
Impel lal gallons 
per 24 hours. 

, 

0 646317 

0 538454 

2 

1.29 -'634 

1.076907 

3 

1.938951 

1.615361 

4 

2.6a5.'68 

2.153815 

5 

3 231584 

2.692268 

6 

3.877901 

3.2:30722 

7 

4 524218 

3.769176 

8 

5 170535 

4 307629 

9 

5.816852 

4.H4()083 

10 

6.463169 

5 384537 

U 

7.109486 

5.922990 

12 

7.755803 

6 461444 

13 

8.402119 

6 999898 

14 

9 048436 

7.53.S:i.5l 

15 

9.694753 

8 07«;8()5 

Hi 

10.341070 

8.61.52.59 

17 

10.987387 

9 15371*2 

18 

11 633704 

9.692166 

19 

12 28(8121 

10 2.106*20 

20 1 

12 926338 

10.769073 

21 : 

1 5 572654 

11.307.527 

22 

14 21S{I71 

11.84.5981 

23 

14.865288 

12.3814.34 

24 

15 511605 

12 92*2888 

25 

16.157922 

13.461:342 

26 

16 804239 

13.999795 

27 

17 450556 

14 .538249 

28 

18 096873 

15.076702 

29 

18 743190 

15 6151.56 

30 

19.389506 1 

16.1.5:;610 

31 

20.035823 

16.69206:3 

32 

20.682140 1 

17.*2:i0517 

33 

21 328457 

17.768971 

34 

21.974774 

18.:W)74‘24 

35 

22 (>21091 

18.84.5878 


23.267408 

19..38I3.‘32 

37 

23 913725 

19.9*22785 

38 

24.560041 

‘20.461*2:59 

39 

25.206:J58 

20.999693 

40 

25.a52675 

21..5:38146 

41 

26.498992 

22.(*"66()0 

42 

27.145309 

22 6 1.50.54 

43 

27 791626 

2:3.1.5:3.507 

44 

28.437943 

2:3.691%1 

45 

29.084260 

24 *2:30415 

46 

29 730576 

*24 768H68 

47 

30 376893 

25 :307:322 

48 

31.023210 

2,5.84.57 ;6 

49 

31.069527 

26 :384‘229 

50 

82.315844 

26,9*2268:3 

51 

32.962161 

27.4611:37 

52 

Jki.608478 

27.999590 


Cub. ft. 
per sec. 

Millions of 

U. S gallons 
per ‘24 hours. 

Millions of 
[miienal gallons 
per ‘24 hours. 

53 

34.254795 

28 5:38044 

.54 

;34.901112 

29 076498 

55 

3.5 5474*28 

29.614951 

.56 

36.19:5745 

30.1.5.340,5 

57 

:36.840062 

30 6918.59 

.58 

37.486379 

81.2:30.312 

59 

38.13*2696 

81.768766 

60 

38.779013 

82.:3072*20 

61 

39 425330 

32.845673 

6*2 

40.071647 

33.384127 

63 

40.717963 

83 92*2.581 

64 

4l.:564280 

84.461034 

65 

42.010.597 

34.999488 

66 

42.6.56914 

35 .5.57.44*2 

67 

43 :303*231 

3(5.076395 

68 

43.949548 

36.614849 

69 

44.59.5865 

37.15.3:503 

70 

4,5.242182 

37 691756 

71 

45.888498 

88.2:30210 

72 

46..534815 

38.768664 

73 

47.18113*2 

39:307117 

74 

47.827449 

89 845.571 

75 

48.473766 

40.:5S4()‘25 

76 

49.1*200a3 

40 92-»478 

77 

49.766400 

41 4(509.32 

78 

.50 41*2717 

41.999:3^5 

79 

51 (».590:34 

42 .5:378:39 

80 

51.705:3.50 

4.3.076293 

81 

.52 35 1667 

4.3.614746 

82 

.52 997984 

44.1.5:3*200 

83 

.5,3.641.301 

44 691654 

84 

51.‘290618 

4.5.-2:3(H07 

85 

64.9:369:3.5 

45 768561 

86 

55 58.32.52 

46.307015 

87 

,56 2*29569 

46.815468 

88 

.5(5.87,5885 

47. 38:5922 

89 

57 .522202 

47 922.376 

90 

58.1 (>85 19 

48.460839 

91 

58 SI 48:36 

48 999283 

9*2 

69 4r,| 1.53 

49 5:377:37 

93 

60.107470 

50 076190 

9f 

60. 75:3787 

50.614644 

9.5 

61.400104 

51.1.5:3098 

96 

62 041)420 

51.691.551 

97 

62.692737 

6*2.‘2:30005 

98 

63.339054 

52.7 6S 1.59 

99 

6:3.98.5:371 

' 63:3(16912 

100 

64.(531688 

63.845:366 

101 

65.27800.5 

64.:38:5820 

102 

6.5.9*24322 

64 922273 

lo:3 

66..5706.39 

66.4611727 

104 

67.2169.56 

65.999181 



WEIGHTS AND MEASURES. 


TABLE OF BISCHARGEN (Clontinned). 


Cnb. ft. 
per Bee. 

MillioriB of 
TJ. S. gallons 
por 24 hours. 

MilliODB of 
Imperial gallonH 
per 24 hours. 

Cub. ft. 
per sec. 

Millions of 

U. S. gallons 
por 24 hours. 

Millions of 
Imperial gallons 
per 24 hours. 

iO.) 

67.863272 

56.537634 

167 

107.9,34919 

89 921761 

lor, 

68 509589 

57.076088 

168 

108..581236 

90.460215 

107 

69.155906 

67.614542 

169 

109.227,553 

90.99.8669 

108 

69.802223 

58.152995 

170 

109 87:}870 

91. , 5 : 37 122 

109 

70.418540 

58 691449 

171 

110..520186 

92 07.5576 

110 

71.094857 

59.229903 

172 

11 1.166.50.3 

92 6140:50 

111 

71.741174 

59.768.3.56 

17.1 

111.812820 

9.5 1.52483 

112 

72.387491 

60.306810 

174 

112.4,59 1.17 

9.5 6909:37 

113 

73.03.1807 

60.84.5264 

17.5 

113.10.54,54 

94.229391 

114 

73.680124 

61.;i8:$717 

176 

li;{.751771 

94 7(>7844 

115 

74.326411 

61.922171 

177 

114.:598088 

9.5.306298 

116 

74 972758 

62.1(;0625 

178 

115 04440.5 

9.5,844751 

117 

75.619075 

62.999078 

179 

11.5.690722 

9(5 :583205 

118 

76.265392 

63.5375:12 

180 

ii6.:;.37u:;h 

96.9216.59 

119 

76 911709 

64.075986 

181 

116 96:3.3.55 

97 460112 

120 

77.558026 

64.614439 

182 

117.629672 

97 998.566 

121 

78 204342 

65.1.5289;; 

183 

118 275989 

98 . 5:57020 

122 

78.^50659 

65.691.347 

184 

118.922:306 

99.07.5473 

123 

79.496976 

66,229800 

185 

119 568(523 

1 99 61:5927 

124 

80.143293 

66 768254 

186 

120 214940 

100.1.52:381 

125 

80.789610 

67 .306708 

187 

120.8612.57 

100.690834 

126 

81 4:1.5927 

67.845161 

188 

121..507.573 

101 229288 

127 

82.082244 

6H.38:»6I5 

189 

122.1.53890 

101.767742 

128 

82.728.561 

68.922068 

190 

122.800207 

102 :3()(5195 

129 

83.374878 

09 4()().522 

191 

123.446.524 

102.844(549 

130 

84.021194 

69.998976 

192 

124.092841 

103.:383103 

131 ! 

84.667511 

70.537429 

193 

124.7:391,58 

10:5 921.556 

132 

85.313828 

71 075883 

194 i 

125..iH.547.5 

104 460010 

133 

85 960145 

71.614.3:57 

195 

126.031792 

10.5.098464 

134 

86.606462 

72 1.52790 

196 

126.(578108 

105..5.36917 

135 

87 252779 

72 691244 

197 

127.:52442.5 

106 075.371 

136 

87.899096 

73.229698 

198 

127.970742 

106.61:5825 

137 

88.54.5413 

73.768151 

199 

128,6170,59 

107 1.52278 

138 

89.191729 

74.306605 

200 

129 26:1.376 

107. (>90732 

139 

89.838046 ' 

74 845059 

201 

129.90969:; 

108.229186 

140 

90.484363 

75.383512 

202 

]:;o.,55(iO]0 

108.7676:59 

141 

91.130680 

75 921966 

203 

131 202327 

109 306093 

142 

91.776997 

76.460420 

204 i 

131 848644 

109.844,547 

143 

92.423314 

76.998873 

2a5 

1:;2.494960 

llo:3.83000 

144 

93 069631 

77..537;127 

206 

13:3.141277 

110.9214,54 

145 

! 93.71.5948 

1 78.07.5781 

207 

i:;:; 787.594 

111.4,59908 

146 

94.362264 

78 6142:«4 

208 

134.4:5391 1 

111.998:561 

147 

95 008,581 

79.1.52688 

209 

Ki5.080228 

112..53(;815 

148 

95.654898 

■ 79.691142 

210 

1:;.5.7-26.545 

113 075209 

149 

96.301215 

80.229595 

211 

i:36.:372862 

11 : 5 . 61:5722 

150 

96.947532 

80.768049 

212 

i:}7.019179 

114,1.52176 

161 

97.-593849 

81.30r),5o:i 

213 

137.66.5495 

114 690630 

162 

98.240166 

81.8449.56 

214 

1.38 311812 

11.5.229083 

153 

98.886483 

82,38:3410 

215 

138.9.58129 

115.767.5,37 

154 

99.532800 

82.921864 

216 

1:39.604446 

116.30,5991 

155 

100.179116 

83.460317 

217 

140.2,50763 

116.844444 

156 

100.825433 

8:1998771 

218 

140.897080 

117.382898 

157 

101.4717.50 

84..537225 

219 

141. ,54.3397 ' 

117.921352 

158 

102.118067 

85.075678 

220 

142.189714 

118.4.59805 

159 

102.764384 

8.5.614132 

221 

142.8:3()0.30 

118.998259 

160 

103.410701 

86.1.52586 

222 

143.482:547 

119., 536718 

161 

104 0.57018 

86.691039 

223 

144.128664 

120.075166 

162 

104.70.13.35 

87.229493 

224 

144.774981 

120 61:5620 

163 

105 :{49651 

87.767947 

225 

145.421296 

121.1.52074 

164 

10.5 90.5968 

88.:iO6400 

226 

•146.067615 

121.690.527 

165 

106.642285 

88.844854 

227 

146.713932 

122.228981 

166 

107.288602 

89.383308 

228 

147.360249 

122.767434 
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TABLE OF DISFHAROES (Continued). 


Cub. ft 
per sec. 

Millions of 

U. S. gallons 
per 24 hours. 

Milhous of 
Imperial gallons 
per 24 hours 

Cub. tt. 
per sec. 

Millions of 

U. S gallons 
per 24 hours. 

Millions of 
Imperial gallons 
per 24 hours. 

229 

148 006.566 

123.30.5888 

240 

1.5.5.116051 

129 228878 

230 

1 18 6.52882 

123.844342 

241 

1.55.762368 

129.767332 

231 

149.299199 | 

124.382795 

242 

1.56.408685 

130.305786 

232 1 

149 91.5.516 

124.921249 

243 

157.0.55002 

130.8442.39 

233 

1.50 .591833 

125.459703 

244 

157.701319 

131.382693 

234 

• 1.51 2381.50 

125.9981.56 

245 

1,58 347636 

131.921147 

235 

1.51 884467 

126.536610 

246 

1.58 993952 

132 4.59600 

236 

1.52..5:}0784 

127 075064 

247 

159 640209 

132.998054 

237 . 

1.53.177101 

127.6i:t5l7 

248 

160.286586 

133.63™ 

23.S 

1.53 82.3417 

128 151971 

249 

1(U).932903 

134 074961 

239 

1.54.469734 

128 690425 

250 

161 579220 

134.613415 


TIME. 


60 8ec(>lids,’«-|- marked s, - 1 minute 
60 minutes, t “ m, 1 hour -= H600 seconds 

24 hours, “ h, — 1 day = 1440 minutes — 8G400 seconds 

7 days, “ d, — 1 week == 108 hours 10080 minutes 


Akc Timk 
1“ - 4 minutes 
r -- 4 seconds 
1'' - o.tUiO . second 


Timk Arc 
24 hours = 300° 

1 hour - 16° 

1 minute = 0° l.V 

1 second -= 0° 0' 15" 


Methods of roc'koiiini;' t line. Astronomers distinguisli between mean 
solar time, true or apparent solar time, and sidereal time. 

At a standard meridian ^seepage 267) mean Molar time is the same as 
ordinary clock time. .M any point not on a standard meridian, stavdani time 
is the local mean solar time of the meridian adopted as standard for such point ; 
and /ecu/ time is - time at a standard meridian ph/.s correction for longitude 
from that mendiati if the place is t'a.st of the meridian, and rnr. retsn. For the 
amount of such correction, see second tulilc above. A true or npparent 
NOlar day is the interval of time between two successive cuiininatioiiB of 
the sun, f.e., hetwoen two successive transits or passages of the sun across the 
mendian of the same point on the earth ; but, since these intervals are uneqiial, 
they do not correspond with the uniiorm movement of clock lime, A fictitious 
or iniaginiiry sun, called the “ mean sun,’ is therefore supposed to move along 
(he equator in such a way that the interval Indweeu its culminations is con- 
stant This interval i.s called a day. or mean solar day, and is the average of the 
lengths ol all the apjtau'ut solar dajs in a year. Anparent and mean time 
agree at four points in the >ear, vu, about the middle ot .\pnl and of June, 
N'pteinher 1 and December 24. The sun is sometimes behind and sonietimeB 
in advance of the mean sun. and is called “slow ” or “ fast ’’ accordingly. The 
sun i.s "slow ” in winter, the maximum l>eiiigabout l-ehruary 11, when it passes 
any .siandaid meridian, or “souths’’ (making ap}utrent noon'), about 14m, 288, 
‘fftcr noon by a correct clock. The sun is “ last,’’ or in advance of the clock, in 
.May and In the fall, with a maximum, about November 2, of about 16m, 20s. 

'I he ditlcrencc bet ween aiqiareut and mean time is called the equation of 
It can he obtained from the Nautical Almanac, or, approximately, by 
taking the mean i/elweeu the times of .sunrise and sunset, us given in ordinary 
Hlmanacs. 

As solar time is measured by the apparent daily motion of the .wn, so siiiereal 
tune is measured by tliat of the fixed slan, or, more strictly speaking, by the 
luoiioii of tlic vernal equinox which is the point where the sun crosses the 
equator in the spring. 


* The second w as formerly divided into GO equal parts called thirds (marked 
hut it is now divided decimally. 

t The old and confusing practice of designating minutes, seconds and thirds 
f'f time (see footnote ♦) as " and is no longer in vogue. Days, hours, min- 
utes and second-s are now designated by d, h, m, and s, respectively, thus: 2d, 
'iOh, 48m, 5').4;1 8.. and the symbols ' and " designate minutes and seconds of arc. 
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TIME. 


A sidereal day is the interval of time between two successive passages of 
the vernal equinox (or, practically, of any star) past the meridian of a given 
point on the earth It is, practically, the time requiied for one complete revo- 
lution of the earth on its axis, relatively to the stars 

The length nf the siderai day is 23 h, 56 m, 4 uy s, of mean solar time or 3 m, 
55 91 s of mean solar time less than the mean solar day of 24 bouis. In other 
words, a star will, on any night, appear to s. t .t m, 55 91 s earlier by a correct 
clock than it did on the preceding n.ght Hence, substantially, tiic number of 
sidereal days in a j ear is greater by I than the iinmber ol solar days. 

The shlereal day, like the solar day, is divided into 24 hours These hours 
are. of course, shorter than those of the solai day in the same jiroportion as ihe 
8idere.il <lay is shorter th.in the solar day 'I hey are counted trom o to 24, com- 
mencing With sidereal noon, or the instant v^hen the 'venial equinox passes the 
ujmer iiiendiau 

TIk* civil day (-- 24 hours of clock oi mean solar time > comnience.sat mid- 
night; and the astronomical Molar day a noun on tiie c.mi dav ol the 
same date. Thus, on a standard meridian. Thu rsdav , Mav 9, J \ m. civil time, 
is Wednesday, May H, 14 h, a.stionumical tunc, hut Ihnrsda}, .Mav 9, 2 e M, 
civil lime is 1 hursday, May 9, 2 li. a.stronomical time. 

The civil month is’thc ordiuarv a d ailulrarv month of the calendar, 
varying in length from 2^ to .tl mean solai dajs 

A sidereal month is tlie tune required lor the moon tojierform an entire 
revolution with reference to the stars Its mean length, in mean solar time, is 
about 27 d, 7 h, 43 m, 12 s 

A lunation, or Hynodic month istbe tune from new moon new 
moon. Its mean leugtli is about 29 d, 12 h, 44 m. 3 s 

The tropical or natural year is the time dining which the earth 
describes the circuit from either eqqinox to the .same again Its nu au li ngth, 
in mean solar tune, is now about 3(i5 d, 5 h, 4S m 49 s 

The sidereal year is the time during which the caith ih scrihes itv orbit 
with reference to the stars Us mean length, in mean solai tinu-, is about 36.5 
d, 6 h, 9 m, lU 3 

The civil year is that arbitrary or convei tiorial and variable div isioii of 
time comprised between the Istof .laiiuary and (he .-list of the loilowing Ueeem- 
ber, both inclusive It contains ordinarily 36.5 mean solar dav s of 21 hours, but 
each ve ir whose nuniher is divisible by 4 contains 36(» days, tiiid is called a leap 
year, except that those years whose" mimhers end in (hi and are not multiples 
of 400 are not leap years. 

To res:iilat:e a watch by the atara. The autlior. after ha\ iug regu- 
lated his chronometer for a year by this method only dillered hut a few seconds 
from the actual time as dtsluced from carelul solar observations Select a 
window lacing west if possible, aiidcomiiiandiiiga view of a roof-cresi or other 
fix'd horizontal line, preferably about 40° above the horizon, in order to avoid 
disturbance due io refraction, and distant say 50 feet or more ’si>lc the 
time when any biwgbt fixed star (not a platmt) passes the range formed between 
the roof, etc., and any fixed horizontal line aiiout the window frame as a )iin 
fixed in either janili The sight in the window, and ihe watch, must he illumi- 
nated The star will jias.s the range 3 m 55.91 s earlier on each succeeding 
evening I'hose s ars which are nearest the equator apiiear to move the fastest, 
and are thereiore best suited to the purpose. If the first oiiservalion of a given 
star ' e nuide as late as midnight, that .same star will answer for about three 
months until at last it will begin to pass t' e range in dayliglit Before this 
hapyiens. transfer the time to anotiier star w hich sets later Ity thus tabulating, 
throughout the year, about half a dozen stars which follow each other at 
nearly equal inteivals of time, we may provide a slandard by means of which 
correct cl ck time may be ascertained on any clear night Kxperimenting in 
this way with two ol the best chronoineicrn. the author found that their 
ralex varied, at times, as much as from tliree to eiglit seconds per day. 

An average man takes two fttepM (one right, one left) per Meeond. 
Hence, march music usually takes one second per measure for “ bar ”) Modern 
walehOH usually tick five times, and cIockm either one, two, or hmr times, 
per second. 
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STANDARD TIME ZONES 
of the United States 

as establlsht by the Interstate Commerce Commission In 1918, and as 
publisht In Circular C406 of the National Bureau of Standards in 1956; 
reckond from 75th, 90th, 105th and 120th meridians West of Greenwich, 
The following table gives the times for each of 12 hoars in the sev- 
eral zones of the U S, and in a number of cities of the world as com- 
pared with 12 noon. Eastern Standard Time: — Light-face, a.m., includ- 
ing 12 noon; bold-face, p.m. hours, including 12 midnight. 

Eastern Standard Time, 12123456789 10 11 
Central Standard Time, 11 12 1 2 34 5 0 7 89 10 

Montaln Standard Time, 101112 1 2 3 4 5 6 7 8 9 

I’aciflo Standard Time, 9 10 11 12 1 2 345678 

Berlin, Germany, 6789 10 11 12 1 2 3 4 5 

Brussels, Belgium, 5 6 7 8 9 10 11 12 1 2 3 4 

Cape Town. So Africa, 789 10 11 12 1 2 3 4 6 6 

Geneva, Switzerland, 6 7 8 9 10 11 12 1 2 3 '4 5 

Halifax, Nova Scotia, 1 2 3 4 5 6 7 8 9 10 11 12 

Havana, Cuba, 12 123456789 10 11 

Hong Kong, China, 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11* 12* 

London, Engiana, 5 6 7 8 9 10 11 12 1 2 3 4 

Manila, P I, 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11* 12* 

Paris, France, 56789 10 11 12 1 2 3 4 

Rome, Italy, 6789 10 11 12 12345 

Tokyo, Japan, 2* 3* 4* 5* fi* 7* 8* 9*10*11*12* 1* 

Vancouver, Brit Col, 9 10 11 12 1 2 8 45 6 7 8 


Selected RADIO TIME SIGNALS, (Oct 1934). 



Call 

Frequency 

Time of Transmission at the 

Station 

Letters 

Kilocycles 

Standard Time of the Station 

Arlington, Va, 

NAA 

113 

Each hr, except 9 & 11, a m & p m 



9,060 

3, 4, 7, 10. 



16,820 

12. 

Darien, C Z, 

NBA 

46 

3. 12, 10. 

San Francisco, 

NPQ 

42.8 

9, 7, 12. 


108 

9. 7, 12. 



12,855 

9, 7. 


Next day. 
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DIALLING. 


To make a liorizoiilal Sun-dial, 

Draw a lino a b ; and at right uTiglos to it, diaw (5G. From any conveniont iioint, a« c, 
iua b, draw the porp c o. Make tlio angle c ao equal to the hit ol tlie place ; alHo 
the angle c o f> ei|nal to the same ; join o f. Make e n equal to o e; and from n as 8 
center, with the rad e w, describe a quadrant e s ; and dii^ it into 6 equal parts. Draw < 
V, parallel to 0, 6; and 

from «, througli the 6 DIAL 

points on the quadrant, 
draw lines n t, n i, Ac, 
terminating in ey. From 
a draw lines a 5, a 4, Ac, 
passing through t, t, Ac. 

From any convenient 
point, as c, describe an 
arcr mA, asakindoffiri- 
ish or border to half the 5 
dial. All the lim's may 
now be effaced, except 
the hour hues a 6, a 5, 
a 4, Ac, to a 12, or a h ; 
unless, as is generally 
the case, the dial is to 
be divided to (|uarterB 
of an hour at least. In 
this case each of the 
'ivisious on tlie quad- 
rant « . 1 , must lie subdivided into 4 equal parts: and lines drawn fiurn w, througl 
the points of suMivisiou, terminating in e v. The quarter-boiir lines must be drawi 
from a, as were the hour lines. Subdivisions of 0 min ma> be made in tlie sami 
way, but these, as well us single nun, may usually be laid oil around tlie border, bj 
eye. About 8 or 10 times the size of our Fig will he a convenient one for an ordi 
nary dial. To draw tlie other half of tlie Fig, make u d equal to the iiitendi'd thick 
ness of the gnomon, or style, ol the dial ; and diawd 12, parallel, and equal to a 12 ; am 
draw the arc t/j w, precisely similar to the arcr /« A. lletweeti x and wj, on the arc ui 
space off divisions equal to those on the arc rmh ; and iiiimbei them for the hours 
as in the I'ig. The style F. of metal or stone, (wood is too liable to warp,) will Im 
triangular; its thickness must throughout bn equal to ad or Am; its base musi 
cover the space adkw; its point will be at « d; and its perp height A «, over Aw 
must be such that lines »(/, mo, drawn from its top. down to a and d, will make th( 
angles u a It, vd w. eacli equal to tlie lat of tlie place Its thickness, if of metal, maj 
conveniently be from to inch; or if of stone, an iiieli or two, or more, accordiiifi 
to the size of tlie dial. Usmuly, tor neatness of api»narance, the batk A m ?> w of thi 
style is hollowiMl inward. The upper edges, ua, vd, which cast the sliadows, miisi 
be sharp and straight. The dial must be fixed m place hor, or perfectly level ; a I 
iiid d to must be placed truly north and soutli ; ad being south, and It w nortli. Tlu 
dial gives only sun or solar lime ; but clock time can Im' loiind by nieaiis of the “ fasi 
sr slow of the sun,” as given by all ulnianacs. If by the almanac the sun is ft min 
Ac, fast, the dial will lie the same ; and tlie clock or watch, to be correct, must be I 
min slower than it ; and vice versa. 

To make a Tertieal Kiin-Dial. 

Proceed as directed above, except that the angles cao and eoe on the drawing, 
and the angle uah or udw of the style, tnusl be equal to the co latitude (= dif- 
ference between the latitude and 90®) of the place, and the hours must be num- 
bered the opposite way from those in the above figure ; i e. from A to y number 
12, 11, 10, 9, 8, 7 ; and from w to y number 12, 1. 2, 8, 4, 5. The dial plate must be 
placed vertically, in the position shown in the figure, facing exactly south, and 
with ah and dw vertical. 
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BOAED MEASUEE. 


Remark on following; table. Tlio table extonds to 12 ins by 24 ins, but 
It U eaHy to find for greater eizes ; thus, for example, tbe board measure lu a pieoe of lU uy 2‘i, trill 
be twice that of a piece of 19 by 11, or 17 4‘i x 2 = S4 94 ft board meaa , or that of 19)4 by 22, will be 
that of 10>^ by Ti added to that of 9 by 92, or 18.70 + l^&O = 35.29. A foot of board moas is equal to 
I foot square and 1 inch thick, or to 144 oub in#, Bence 1 onb ft = 12 ft board meas. 


p) . 

le 
rt u 

■a o 

P 

Feet of Board Measure contained in on 
of different dimeusious. 
1000 ft board measure = 

e runninj 
. (Ongit 
-83Honl 

INCH] 

3K 1 

g foot of Scantlings 
lal.) 

>rt. 

Width In 
Inches. 

1 

IK 

TH 

IK 

ICKNESS IN 
i« 1 I 1 

BS. 

3K 

2K 

3 


PUJdM 

ft lid M 

Ft lidM 

h BdM 

Ft UdM 

Ft BdM 

Ft lid M 

Ft Bd M. 

Ft lid M 


H 

.0208 

.0260 

.0313 

.0365 

.0417 

.0469 

.0521 

.0573 

.6625 



.0417 

.0,521 

.0625 

.0729 

.0833 

.0938 

.1042 

.1146 

.1250 


h 

.0625 

.0781 

.0938 

.1094 

.1250 

.1406 

.15»W 

.1719 

.1875 


1. 

.08.1.1 

.1042 

.1250 

.14.58 

.1667 

.1875 

.208:i 

2292 

.2500 

1. 


.lm2 

1 ,402 

.1563 

.1823 

.2i)H3 

2344 

.2604 

.2865 

.3125 



.1.5(i3 

.1875 

.2188 

.2.500 

.2813 

.3125 

.3438 

.3750 

2 

h 

.14.-.8 

.1823 

.2187 

.2552 

.2917 

.3281 

.:i646 

.4010 

.4375 

a 


1667 

.2083 

.2500 

.2917 

.:«:i3 

.:i7.)0 

.4166 

.4583 

.5000 



.1875 

2344 

.2813 

.3281 

.3750 

.4219 

.4688 

.5156 

.5625 

% 


.2083 

.2ii04 

.3125 

.3646 

.4167 

.4688 

.3208 

.5729 

.6250 


h 

.2292 

.2865 

.3438 

.4010 

.4583 

.51.56 

.5729 

.6:102 

.6875 

H 

3. 

.2:)00 

.3125 

.3750 

.4375 

..5000 

..5625 

.6250 

.6875 

.7.500 



.2708 

.3385 

.4063 

.4739 

.5416 

.6094 

.6771 

.7448 

.81 ‘25 


H 

.2917 

3ti46 

.4375 

.5104 

.5833 

.6563 

.7292 

.8021 

.8750 


H 

.8125 

.3'M85 

.4689 

.5469 

.6250 

.7031 

.7813 

.8594 

.9375 


4. 

.3333 

.4167 

.5000 

.5ai3 

.6667 

.7500 

.83.33 

.9167 

1 000 


K 

.3542 

.4427 

.5312 

.6198 

.7083 

.7969 

.8854 

.9740 

1.06:1 


W 

.3750 

.4088 

.5625 

.6.563 

.7500 

.8438 

.9.375 

1 031 

1 1‘25 

K 

>* 

.8958 

.4948 

.5938 

.6927 

.7917 

.8906 

.9896 

1.086 

1 188 

H 

5. 

.4167 

.5208 

.6250 

.7292 

.8:133 

.9375 

1.042 

1 146 

1 250 

5. 

14 

.4375 

> .5469 

.6.5(>3 

.7656 

1 8750 

.9844 

1.094 

1 203 

1 313 


H 

.4583 

.6729 

.6875 

.8020 

1 9167 

1 io:u 

1 146 

1 •260 

1.375 

a 

h 

.4792 

1 .5990 

.7188 

.8:185 

9583 

I 1 078 

1 198 

1 318 

1.4:$8 


6. 

..5000 

1 .6250 

.7500 

.8750 

I <NI0 

1 125 

1.250 

1 375 

1..500 

6. 

H 

.5208 

.6510 

.7813 

.9115 

1 043 

1 172 

l.:402 

1.482 

1.56:1 


14 

.5117 

.6771 

.8125 

.9479 

1 083 

1 219 1 

1.354 

1.490 

1.625 

H 

h 

.5625 

.7031 

.8438 

.9844 

1 125 

1.266 

1 406 

1 547 1 

1.688 

H 

1. 

.5833 

.T2»I2 

.8750 

1.021 

1 167 

1.312 ! 

1 458 

1 604 

1.71)0 

7. 

14 

.6042 

.7552 

.9063 

1.057 

I 208 

1.359 

1510 ! 

1 661 1 

1.813 


H 

.62.50 

.7813 

.9375 

1 094 

1 ^50 

1 406 

1 563 

1.719 

1 875 


H 

.6458 

.8073 

.9688 

1 i:io 

1 292 

1.453 

1 616 

1.77G 

1.938 

H 

8. 

.6667 

.8;i:i3 

1 000 

1.167 

1 333 

1.500 

1.667 

1 833 

2000 

8. 

H ! 

.6875 1 

.8.594 

1.031 

1 203 

1 375 

1 547 

1.719 

1 891 

2 063 

K 

H 

.708.3 

.8854 

1 063 

1 240 

1.417 

1 594 

1.771 

1.948 

2 125 

K 

h 

.7292 ' 

.91 14 1 

1.094 

1.276 

1 4.58 

I 641 

1 823 

2 005 

2 188 

H 

9. 

.7500 

.9376 1 

1.125 

1 .313 

1.500 

1 688 

1.875 

2.062 

2 250 

9. 

Y* 

.7708 

.96.35 1 

1 156 

1 349 

1 542 

1 7:i4 

1 927 

2 V20 

2 313 

H 


.7917 

.9895 1 

1.188 

1.385 

1.5H3 

1.781 

1.979 

2.177 

2 375 

K 

H 

.8125 

1.016 

1.219 

1.422 

1.625 

1 828 

2 0,31 

2 234 

2 438 

H 

10. j 

8333 

1 042 

1.250 

1 458 

1.667 

1 875 

2 083 

2 292 

2 500 

10. 

y* 

8542 

1 068 

1.281 

1.495 

1 708 

1.922 

2 135 

2.349 

21)63 

H 

H 

8750 

1 094 

1.313 

1 531 

1.750 

l.9(>9 

2 188 

2.406 

2 h‘25 

K 

h 

.89.58 

1.120 

1 344 

1 568 

1.792 

2.016 

2.240 

2,46.3 

2 688 

H 

11. 

.9167 

1 146 

1.375 

I 604 

1.8.33 

2.063 

2.292 

2,521 

2 750 

11. 

yi 

.9375 

1 172 

1.406 

1.641 

1.875 

2 109 

2 344 

2 578 

2.813 

K 


.9583 

1 198 

1 438 

1.677 

1917 

2.156 

2.396 

2b:i5 

2 875 

H 

H 

.9792 

1 224 

1 469 

1.714 

1 958 

2 203 

2.448 

2 693 

2 938 

H 

12. 

1 000 

1 250 

1.500 

1 750 

2 000 

2 2.50 

2r)00 

2.750 

3 000 

12. 

14 

1 042 

1 302 

1 .563 

1 82.3 

2 08.3 

2 ;M4 

2 604 

2 865 

3.1 ‘26 

K 

13. 

1 083 

1.354 

1 625 

1 896 

2.167 

2.4:i8 

2 708 

2 979 

3.260 

18. 

H 

1 125 

1 406 

1 688 

1 969 

2 250 

2.531 

2.813 

3 094 

3.375 

H 

14. 

1.167 

I 458 

1.750 

2 042 

2 3.33 

2 625 

2.917 

3 208 

8.500 

14. 

H 

1 208 

1.510 

1.813 

2 115 

2 417 

2 719 

3 021 

■A :i‘22 

3.626 

H 

15. 

1.2.50 

1.563 

1.875 

2.188 

2 500 

2 81.3 

3 125 

3 4.38 

8.750 

15. 

yi 

1 292 

1.615 

1 938 

2.260 

2 .583 

2 906 

3.229 

3 552 

3 876 

H 

16. 

1..333 

1 667 

2.000 

2.333 

2.667 

3 000 

3.338 

3 667 

4 000 

16. 

« 

* MT5 

1 719 

2.063 

2 406 

2 750 

3 091 

3.4.38 

3 781 

4 1-25 

H 

17. 

1 417 

1 771 

2 125 

2 479 

2.8.33 

3 188 

3 542 

3.896 

4. ‘250 

17. 

14 

1.458 

1.823 

2 187 

2.652 

2 917 

3.281 

3 646' 

4.010 

4 375 

H 

18. 

1 500 

1.876 

2.250 

2.625 

8.000 

3 375 

3 750 

4.V26 

4 500 

18. 

19. 

1.583 

1.979 

2 37S 

2.771 

3.167 

3 563 

3 958 

4 354 

4 750 

19. 

20. 

1 tl67 

2.083 

2.500 

2917 

.3.3.^3 

3 750 

4.167 

4.583 

5.000 

20. 

21. 

1.750 

2.188 

2 625 

8.063 

3.500 

3.938 

4.375 

4 812 

5250 

21. 

22. 

1.833 

2.292 

2.750 

3 208 

3 667 

4123 

4.583 

5.042 

5.500 

22. 

Zi. 

1.917 

2.396 

2 875 

3.354 

3.8.33 

4.313 

4.792 

5.270 

5.750 

23. 

24. 

2 000 

2.500 

1 3.000 

3.500 

4.000 

4 500 

5.000 

5.500 

6.000 

24. 
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Table of Board Measure— (Continued.) 


0 . 
il 


Feet or Board Measure contained in one running foot of Scantlings 

Width in 
Inches. 




Of dtnereBt dimeusions. (OrigiuaL) 



IS 




THICKiTESS IN INCHES. 




3K 

1 

3« 

4 

4^ 

4*4 

4?^ 

5 



FtBdM 

Ft ItdM 

FLltd.M 

Ft.Bd.H. 

FtBdM 

Ft.Bd M. 

Ft lid M 

Ft Bd M 

FtUd M 



‘ 0677 

0729 

0(81 

.0833 

.0.SH5 

.09:48 

.0990 

.1042 

.1094 


hi 

' 1354 

.1457 

1562 

.1667 

1770 

.1875 

1979 

.2083 

.2188 

.‘i( 

M 

20.51 

2187 

.‘2.344 

.2500 

.‘2656 

.‘2813 

.‘2969 

..31 ‘25 

.3’281 


1. 

27()H 

.2917 

.3125 

.3333 

:1542 

3750 

.■Susa 

4167 

4 (7.5 

1 

hi 

.5:180 

:i646 

:i906 

.4167 

4427 

.4688 

4948 

.5-20H 

5469 


a 

406:1 

.4375 

.4688 

5000 

.5413 

.56*2.5 

.5938 

6'2.’>0 

.656:4 


h 

+740 

51(H 

5469 

.581.1 

.6198 

.6563 

.6927 

.7‘29‘2 

76.56 

4a 

a 

5117 

,58.13 

.6‘2.>0 

6667 

.7083 

.75(N) 

7917 

8.43:1 

.8750 

•1 

a 

6094 

6561 

.7041 

7.500 

.7969 

8438 

.8906 

.9:175 

98.14 



1 .6771 

7292 

.7813 

8.1.13 

.8.854 

9375 

.9896 

1 04-2 

1.094 


H 

j 7448 

.8021 

.8594 

9167 

.9740 

1 ail 

1 .089 

1 146 

1 ‘20.4 

»4 

3. 

1 8125 

87,50 

9:17.5 

1 UOO 

1.062 

1 1-25 

1 188 

1 2.50 

1 813 

3, 


1 8802 

9479 

1.016 

1 083 

1 151 

1 219 

1 ‘286 

I 354 

1 422 

>4 


9479 

1.021 

1 094 

1 167 

I.‘210 

i.3i:i 

I 385 

1 4.58 

1 531 



1 016 

1.094 

1 172 

1 250 

1 327 

1 406 

1 484 

1 .564 

I 641 


4. 

1 083 

1.167 

1 -2.50 

1 :i3:i 

1 416 

1 500 

1 583 

1 6(.7 

1 750 

+ 

H 

1 161 

1 240 

1 .128 

1 417 

1 504 

1 .594 

1 682 

1 771 

1 859 


Mi 

1 219 

1 313 

1 406 

1..500 

1 59.1 

1 688 

1 781 


1 («i9 



1 286 

1 .184 

] 484 

1 58.1 

1 681 

1 781 

1 880 

1 979 

2 078 


5. 

I .’554 

1 4.57 

1 ,56(. 

I 666 

1 770 

1 875 

1 979 

2 08,4 

2 188 

5 


1 1 422 

1 .530 

1 644 

1 7.50 

1 858 

1 969 

•2 078 

2 188 

2 ‘297 


H 

! 1 4'« 

1.00.1 

1 7‘22 

1 8,11 

1 947 

2 061 

2 177 

2 292 

2 406 

s 

a 

1 557 

1 (.76 

1 MX! 

1 917 

2 045 

•2 156 

2 -276 

2 ’196 

2 516 



I 625 

1 750 

1 87.) 

2 000 

2 1’2) 

2 250 

2 -175 

2 .500 

2 625 

6 

a 

1 691 

1 823 

1 95 1 

2 083 

•2-214 

•2 144 

•2 474 

2 604 

2 ill 


hi 

1 780 

1.896 

2 0.U 

2 167 

•2 40-2 

2 4 48 


•2 708 

2 813 

i 

H 

1 H28 

1 969 

2 109 

2 250 

•2 191 

2 5 41 

2 672 

2 81 4 

2 953 

7 

I 8 IMI 

2 042 

2 1H« 

2 11:1 

•2 479 

2 ()25 

2 771 

2 917 

:t (H.i 

7 

H 

I 984 

2 1 15 

2 2(»6 

2 110 

2 5(58 

2 719 

2 870 

•4 (121 

3 172 


h 

‘2 0 51 

2 187 

2 144 

2 '810 

2 6.56 

i Hl.t 

2 ‘M.9 

3 12,5 

,4 '281 

t, 

H 

‘2 O'W 

2 2(8) 

2 422 


2 745 

2 INN) 



4 491 

\ 

H 

2 187 

2. in 

2 500 

2 667 

2 8r4 

.4 (HWI 

1 167 

1 ((( 

.4 5(N) 

H 

Vi 

2 Z14 

2 406 

2 .578 

2 750 

‘2 922 

:i 091 

3 2(*15 

1 4 18 

.4 609 


« 

2 502 

2 479 

2 656 

2 81.1 

•4 010 

;4 188 

•4 •165 

3 ,512 

4 718 

H 


■ 2 570 

: 2 5.52 

•2 7 44 

2 916 

:t099 

.4 ‘TSl 

; 461 

.1 1.16 

828 

H 

9 '* 

■2 liM 

2 625 1 

2 811 

.4 000 

3 1H7 

3 475 

.3 563 

3 "50 

:i 94H 

9 

H 

■2 .505 

1 2 898 

2 891 

3 08:4 1 

.4 276 , 

:4 469 1 

4 661 

3 854 

4 047 

Va 

,4 

‘2 .57.5 

2 771 

2 969 

•1 167 


:i 5(14 

:4 760 

•1 958 

4 156 

H 

^4 

'2 811 ; 

2 844 

:i 017 

3 250 1 

4 4)1 1 

.4 6)*) 

.3 h i9 

1 (16 1 

4 '64. 


10 

•2 708 

2 917 ' 

3 I‘2.5 

:i 3 43 

.3 542 1 

.3 750 


4 167 

4 .175 

10 

Ml 

2 776 1 

•2 990 

,4 -203 

.4 116 ' 

.3 640 1 

3 814 

4 0.7 

4 '271 

4 184 



2 844 

;i065 

•1 281 

.4 51K) 

3 719 1 

! 918 

4 1.56 

4 •175 

4 .594 

'4 

Mi- 

2 911 ! 

,5 1 1.5 

:4 .159 

4 583 1 

:j K07 ' 

4 041 


1 179 

4 703 

•4 

ll 

2 979 

:i 208 ' 

.1 ns 

4 6(>6 

1 8% ' 

4 125 

4 454 

4 .81 

4 813 

n 

>4 

‘5 047 

3 281 

1 .4 516 

3 750 

44 984 , 

4 219 

4 4 .3 

4 (188 

4 92‘2 

1., 

>< 

:5 115 

1 3 .l.-)4 

1 594 

3 ^ 43 

4 073 

4 413 

4 552 ' 

4 79‘2 

5 0 11 

u 

H 

.5 182 

I .1427 

3 672 

1 916 

4 161 

4 KHi 

1 651 , 

4 89(. 

5 141 


12. 

9 250 i 

1 .'1500 

3 750 

4 OOO , 

4 ^.V) 

4 .5(N) 

4 ■»() 

5(NN) 

5 ’2")0 

I" 

Mi 

1 ,5,185 1 

:i646 

:i '4146 

4 167 , 

4 1’27 , 

4 688 

4 918 

5 •208 

5 4(i9 , 


13 

5 521 

3 792 

4 01. 1 

4 344 

4 (M)4 1 

4 875 

5 146 , 

5 117 

5 688 i 

1.1 ■ 


,1 656 

3 938 

4 219 

4 .5(MI 

4 781 

5 (N5.4 

.5.441 


5 4«K) 1 

Mi 

U. 

,1.792 

4,083 

4 37.5 

4 667 

4 958 i 

5 250 

5 5V2 

5 844 

()1'25 ! 

U 


.5 927 

4 2244 

4 .5 31 , 

4 8:4:4 

5 ri5 • 

5 4.48 , 

.5 7 40 


6 114 I 


15. 

4 144^3 

4 37.5 

4 688 

.5 (8)0 , 

.5 41.3 

5 62 ) 

5 938 


l> 5ai ' 

15 

Mi 

4 198 

4 521 

4 844 

5 lt)6 

5 490 

5 81 4 

6 1:15 j 

1. 4 .8 

(. 781 

h 

16 

4 ;s 4:4 

4 (H17 

5 (H)0 

5 33:4 , 

5 W7 1 

6(NN) 

6 1 : 4.1 1 



16 

a 

4 469 

4 813 

5 156 1 

5 500 

5 844 1 

6 188 

6 531 

6 87.5 

7 219 

H 

IT 

4 f!04 

4 9.58 

5 .31.3 j 

5 667 i 

6 021 1 

6 375 , 

6 729 1 

7 081 

7 4 18 


H 

4 740 

.5 104 

5 469 , 

5 8:43 ! 

6 198 ' 

6 .')63 

6 9'27 ! 

7 292 

7 656 


18. 

4 875 

.5 2,50 

5 6‘2.5 

6 INN) 

6 :i75 1 

6 7.50 

7 l•25 1 

7 .".OO 

7 875 

18 

19 

, 5 1 46 

5 .542 

5 9:iK 

6 . 4 . 1:1 , 

6 7-29 

7 l•25 

7 521 ' 

7 917 

8.4i:i 

19 

20. 

1 6417 

r. 83.3 

6 2.50 ' 

6 667 

7 (iW I 

7 .5(N) 

7 917 ' 


8 750 

‘20 

21. 

1 ,5 688 

6 1’25 

6 56.3 

7.000 ' 

7 438 ) 

7 875 

8:41.3 I 

8 7,51) 

9 188 

21. 

22. I 

t ,5 958 

6 417 

6 875 , 

7..333 , 

7 792 

K.2.50 

8 708 i 

9 167 i 

9 6'>6 

22 

23. 

6.2’29 

6 708 

7.188 

7 667 I 

8 145 

8 6‘25 ; 

9 104 1 

9..58.3 : 

10.06 

•a 

24. 

1 6.500 

7.000 

7 500 , 

8.000 

8.500 

9(400 1 

9.500 j 10 00 1 

10.50 

24. 
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Table of Board Measnre— (Continued.) 


Widtli in 
Incbes. 

Fwt of Board Measure ooiitalned in one runntnfi; foot of Scantlings | 

of different dimensions. (Original.) i 

Width in 
Inches. 


6H 1 

THICKNESS IN 

6 1 614 1 6U 1 

INCHES. 

oH 1 7 1 

7’ 4 

1 

j 


Kt Hd M 

ft 181 lil 

Ft H(1.M 

Ft BdM 

Ft.lW M 

Ft.LdM ILIldM, 

t lid M 

Ht ltd M ' 


14 

.1140 

.1198 

.1250 

.1:102 

.1:1.54 

.1406 

.14.58 

.1510 

r)63 1 

H 


.2202 

.2396 

.2500 

.2604 

2708 

.2813 

.2917 

.3U2I 

312.7 


H 


3594 

.37.50 

.:i906 

.4063 

.4219 

.4.175 

.45:il 

.46HH ! 

h 

1 

458.1 

.4792 

.5000 

.5208 

.5417 

.5625 

.58.i:i 

.(UH2 

1)2 iO : 

1. 

H 

.572<) 1 

.5990 

.B2.i0 

.6510 

.6771 

.70:11 

.7292 

.75..2 

.781.t 1 

H 


.(W75 1 

.7188 1 

.7500 

.7812 

.8125 

.81.18 

8750 

.9062 

.9.;7.-> 1 

h 


HOil 1 

8, ■185 1 

87,50 

.9115 

.9479 

.9844 

1 020 

1 057 

1 091 


2 

»!(!7 

9583 ! 

1 000 

1.012 

1 083 

1.125 

1.167 

1 208 

1 2.4) 

2. 

n 

1.0.41 

1 078 

1 125 

1 172 

1 219 

1.266 

1 .113 

1 359 

I 406 


14 

l.Ufi 1 

1 198 i 

1 250 

1 :i02 

1 354 

1 406 

1 458 

1 510 

1 5(,.l 



1 260 ' 

1 318 1 

! 175 

1 432 

1 190 

1 517 

1.604 

1 661 

1 719 

H 

S 

1..175 : 

1 4.18 1 

1 .5(K) 

1 5l>2 

1 625 

1 688 

1 7.50 

1 813 

1 875 

3. 

14 

1 190 ' 

1 557 1 

1 «>25 

1 (i93 

1 713) 

1 828 

1 89<( 

1 'Hi4 

2 031 

H 

H 

1 604 ' 

1 677 

1 7.50 

1 82;i 

1 896 

1 'HiO 

2 042 

2 115 

2 188 


H 

1.71'> , 

1 797 

1 875 

1 %3 

2 031 

2.109 

2.188 

2 2()6 

2 :j4+ 

H 

4. 

1 8,11 

1 917 

2 000 

2 083 

2 167 

2 250 

2 :i33 

2 417 

2 500 

4. 


1 948 

2 036 

2 125 

2 214 

2 .302 

2 391 

2 479 

2 568 

2 «>.')(. 


H 

2 06.5 : 

2 l.‘>6 

2 250 

2 144 

2 438 

2 531 

2 625 

2 71!) 

2 813 

H 

a 

2 177 i 

2 276 

2 :i75 

2 474 

2 573 

2 672 

2 771 

2 870 

2.!M.9 

H 

6. 

2 292 ; 

2 396 

2 .500 

2 601 

2 708 

2 813 

2 917 

3.021 

3.125 

5. 


2 406 

2.516 

2 625 

2 731 

2 844 

2 9.5.1 

3 OtW 

:i 172 

3.281 

H 


2 521 

2 635 

2 750 

2 865 

2 979 

3 094 

3 208 

3 323 

:i 438 

» 

H 

2.635 1 

2 755 

2 875 

2 995 

3 115 

3 2.34 

3 :i54 

3 474 

3 594 

H 

6 

2 7.‘>« 1 

2 875 

3 000 

3 125 

:i 2.50 

3 375 

8 500 

3 625 

3 7.)0 

6. 

)4 

2 865 , 

2 995 

3 125 

3 255 

3 383 

3 516 

3 646 

3 776 

3')0(> 

H 


2 979 ; 

3 115 

3 2.50 

3 ;iH5 

3 521 

3 656 

8 792 

3 927 

4.0)i3 

H 

H 

.S 0<14 , 

3 2.14 

3 375 

3 .516 

.3 6.56 

8 797 

3 938 

4 078 

4 219 

H 

T. 

3 208 1 

3 154 

3.500 

3 616 

3.792 

3 938 

4 083 

4.229 

4 :i75 

7. 


:i 32:1 1 

.1 474 

3 625 

3 776 

3 927 

4 078 

4 229 

4 380 

4 531 

H 

V' 

3 438 ' 

3 :.94 

3 750 

3 9(H. 

4 wa 

4 219 

4 375 

4 531 

4 1(88 

H 


.3 5.-.2 

3 714 

.3 875 

4 036 

4.198 

4.:35» 

4 521 

4 682 

4 844 

H 

8 

3 667 1 

•1 8.33 

4 000 

4 167 

4 3:« 

4 500 

4 667 

4 833 

5 000 

8. 


,5 781 1 

3 953 

4 125 

4 297 

4 469 

4 641 

4 813 

4.984 

5 l.% 

H 

H 

3.8'»6 , 

4 07.3 

4.250 

4 427 

4 604 

4 781 

4 957 

5.135 

5 313 

« 

H 

4 010 

4 19.3 

4:175 

4 557 

4 740 

4 922 

5 103 

5.286 

6 469 

H 

9 

4.125 1 

4 313 

4 500 

4 687 

4 875 

5 (Hkl 

5 249 

5 438 

5 625 

9. 

% 

4 240 1 

4 432 

4 625 

4 818 

5 010 

5 203 

5 .195 

5.589 

5 781 

H 

H 

4 .554 ! 

4 552 

4.750 

4 948 

5 146 

5 344 

6 541 

5 740 

5 !I38 

h 

h 

4 469 1 

4 672 

4 875 

5 078 

5 281 

5484 

5.687 

5 891 

6 1)04 

H 

10. 

4 .583 1 

4 792 

5 tKHI 

5 208 

5 417 

5.625 

6 K3:i 

6.042 

6 250 

10. 

H 

4 698 

4 911 

5 125 ' 

5 :i!t9 

5 552 

6 766 

5 979 

6 193 

6.406 


H 

4 813 ; 

5 031 

5 2.50 

5 469 

5 688 

5.906 

6 125 

6 :i44 

6 Mil 


H 

4 927 ! 

5 151 

5 375 

5 599 

5.823 

6 047 

6 271 

1 6 495 

6 719 

H 

11. 

H 

5 012 1 

5.271 

5 500 

5 729 

6.9.58 

6 188 

6 417 

6 046 

6.8T6 

11. 

5 156 ' 

5.391 

5 625 

5 859 

6 094 

6 :i28 

6 5»i.3 

6 797 

7 031 

H 


5 271 

.5.510 

5 7.50 

5 990 

6 229 

6 469 

6 708 

1 6 948 

7 188 

H 


5 385 1 

5 630 

5 875 

6 120 

6.:165 

6.609 

6 854 

1 7.099 

7 .144 

H 

11 

5 .5(Ht ' 

5 7.50 

6 000 

6 2.50 

6 .500 

6 7.50 

7.000 

7 250 

7 .500 

12. 


lfe729 j 

5 990 

6 250 

(i5IO 

6.771 

7 0:11 

7 292 

7 552 

7 813 

« 

13/ 

5 958 1 

6 229 

6 r>18t 

6.771 

7.042 

7 313 

7 5Kl 

7 854 

8 125 

13. 

M 

6.188 

> 6.469 

6 7.50 

7 0:11 

7 31:1 

7 .594 

7 815 

8 156 

8.4:(8 


14. 

6 417 

' 6 708 

7 000 

7 292 

7 68.3 

7 875 

8 167 

8 458 

8 750 

14. 


6 646 

i 6 948 

7 2.50 

7 552 

7 854 

e 1.56 

8 4.58 

8.760 

9 063 


15. 

6 8(5 

! 1 188 

7. .500 

7.812 

8.125 

8 4::h 

8 750 

9 06! 

9 375 

15. 

H 

7 104 

! 7 427 

7 750 

8 073 

8.3% 

8 719 

9 042 

9.:h>5 

9 688 

h 

If. 

7 333 

i 7.667 

8.000 

8 .3.%3 

8 667 

9 00(1 

9 :i:i3 

, 9 667 

10 00 

16. 

H 

7 563 

; 7.906 

8 250 

8 594 

8 9:18 

9 28l 

9 625 

9 969 

10 .11 


17 

7 792 

1 8,146 

8.500 

8 8.54 

9 208 

9.56:1 

9.917 

|l0 27 

10 63 

17. 


8.021 

8.5 1.5 

8 750 

9.115 

9.479 

9 844 

10.21 

10 57 

10.94 

K 

IH 

8 250 

8.625 

9 000 

9375 

9.750 

10 13 

10 50 

,10 88 

111 25 

18 

1» 

8 708 

8 104 

9 500 

9 896 

1 10.29 

10 69 

11.08 

111 48 

11 88 

19. 

20. 

9 107 

9 58:1 

10 00 

10.42 

i 10 83 

11 25 

11 67 

12 08 

12 50 

20. 

21 

9 625 

10 06 

10 .50 

10 94 

'11.38 

II HI 

12.25 

I 12.(W 

13.13 

21. 

22. 

10 08 

10 54 

II 00 

11 46 

11 92 

12,38 

12.83 

! 13 29 

13 75 

22. 

2,H. 

10 54 

11 02 

11 50 

11 98 

, 12.46 

; 12 94 

13 42 

1 1.3.90 

14.:i8 

23. 

34. 

11.00 

11 60 

12 00 

12.50 

|13.tK) 

11:1 50 

14 Ot. 

|14 50 

15.00 

24. 


11 
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Table <»f Board Measure — (Contiuued.) 


Si 

1 ^ 

Feet of Huaid Mcaaurc contained in o 
of dittereut dimenaiuiM 

1 THICKNESS IN 

1 IH j ^ >*li 1 8V4 j 8»i 

lie runuli 
tUrigi 

INCH 

9 

jg font of SoaiitliligM 
inal.} 

ES. 

1 «>4 9k 

Width in 
Inobea. 


FtBd.M 

1 4 : Lil .M 

KtUd M 

IrtiM M 

IrtlidH. 

Ft »d M 

Ft IM H 

Fl lid M 

Ft Bd M 


'A 

.It, 15 

j l()(>7 

.171»i 1771 

; .1823 

.187.5 

,1927 

.1979 

! .2031 

k 



..3 !.{.! 

' .:J4,1«| 3.542 

' 3646 

.37.50 

.13854 

.3958 

.418)11 

k 


.4844 


' .51.56 

1 .5:11.1 

.5467 

.5625 

^5781 

.5938 

, 6091 

\ 

.(14,»x 

1 (,>i67 

, .687.)] 70M 

.7292 

.7500 

.7708 

.7917 

8125 

1. 

yi 

.807.! 

I H«J*W 

1 .8.594 ! 8854 

.9115 

.9375 

.9(h35 

9H9<> 

1 OK, 


h 


. 1 0«M) 

1 031 

. 1 06.1 

1 094 

) 125 

1 1.56 

1 188 

1 1 219 

k 

H 

1.130 

1 1 167 

’ 1 20.1 

1 1 210 

1 276 

1 313 

1 349 

1 385 

! 1 122 

H 

2. 

1 2t»‘2 

1 

: 1 37:> 

1 1.417 

1.4.58 

1 500 

1 .542 

1 5K1 

1 625 

2. 

a 

1 l.Ki 

1 500 

1 1 547 

1 I .594 

1 641 

1 688 

1 7134 

1 781 

1 828 

yi 

« 

1 515 

1 (>67 

: 1 719 

; 1 771 

1 822 

1 875 

1 927 

1 979 

1 2 031 


H 

1 776 

1 Kit 

1 891 

1 948 

2 005 

2 (M.3 

2 120 

2 177 

1 2 234 

H 

3. 

1.4;i8 

2 O'Ki 

2 06.1 

1 2 125 

2 188 

2 2.50 

2 31.3 

2 37.5 

] 2 4.38 

s. 

H 

2 (>99 

2 167 

2 234 

! 2 302 

2 370 

2 138 

2 .505 

2 573 

2 611 

yi 

H 

2 230 

y:i).'i 

1 2 406 

' 2 479 

2 552 

2 625 

2 698 

2 771 

2 844 

h 

H 

2.422 

2 .500 

' 2 .578 

2 656 

2 734 

2 81.3 

2 891 

2 969 

! .3 047 

h 

i. 

2 583 

2 667 

2 7.50 

2 833 

2 917 

3 000 

3 083 

3 167 

.3 2.50 

4 

yi 

2.745 

2 8,U 

' 2 922 

3 010 

3 099 

3 188 

11 276 

.3 .365 

' .Hi.Vl 

yi 


2.906 

3.000 

i .3 (191 

.3 188 

3 28 1 

3.375 

3 169 

3 563 

1 .3 6.56 

k 

% 

3.068 

8 167 

J a 2(4, 

3 :i65 

3 464 

3.5a3 

3 661 

.1 7(>() 

1 3 8,59 

H 

6. 

H.229 

3 3:w 

, 3 438 

3 542 

3 646 

8 750 

3K54 

3 9 >8 

1 4 (MhS 

5. 

yi 

8..<91 

3.500 

, 3 609 

3 719 

3 828 

8 9.38 

4 047 

4 1.>I> 

, 4 2(9) 

y* 

yi 

8.562 

3 667 

i 3 781 

3 896 

4 010 

4 125 

4 240 

4 .3.54 

1 4 469 

M 

9i 

8.714 

8 avi 

' 3 95.1 

4 073 

4 193 

4 .31.3 

4 432 

4. .552 

1 4 672 

h 

1. 

8 875 

4.000 

; 4 125 

4.2.50 

4 375 

4 500 

4 625 

4 750 

i 4 875 

6 

yt 

4 03S 

4 167 

! 4 297 

4 427 

4 557 

4 688 

4 818 

4 948 

[ 5 078 

H 

S 

4.198 

4 .133 

4 469 

4 604 

4 740 

4 875 

5 010 

5 146 

5 281 

H 

H 

4 359 

4 500 

! 4 641 

4.781 

4 922 

5 06:3 

.5.203 

5 844 j 

5 484 


T. 

4.521 

4.667 

1 4 813 

4 958 

5 104 

6 2.50 

5 360 

6.542 

5 (,88 

7 

yi 

4.682 

4 833 

1 4 984 

5 i:a5 

5 286 

5 438 

5 590 

6 740 

5 891 

« 

bi 

4 844 

5 000 

1 ,5 1.56 

5 .31.3 

5 469 

6 625 

5.782 ! 

5 9.38 ! 

1 6 094 

H 

H 

5 006 

5167 

,5 328 

5 490 

5 6.51 

5 813 

5 975 

6 13.') ' 

6 297 

% 


5.167 

6 333 

' 5 500 

5 667 

5 H.a'! 

6(XK> 

C 167 

», 3.33 

6.500 

8 

yi 

6..328 

. 5.500 

5 672 

5 844 

6 016 

6 188 

6 359 

6 531 

6 703 

w 


5.490 

i 6 667 

5 844 

6 021 

6 198 

6 375 

6 552 

(, 729 

6 906 

H 

fi 

5 661 

i 5W3 

6 016 

6 198 

6.380 

6.563 

6 745 

6 927 

7 m 

H 

9. 

5.813 

t 6 000 

6 188 

6.375 1 

6 563 

6 7.50 

6 9.38 

7 125 

7 31.3 

9. 


6 974 

1 6.167 

6 3,59 

6 552 j 

6 745 

6 9.38 

7 130 

7 823 

7 516 

yi 


6 1.36 

1 6 333 

6.531 

6.729 i 

6 927 

7 125 

7 323 

7 .521 

7719 

k 


6.297 

6..500 , 

6 7(W 

6.90^ 

7.109 

! 7 31.3 

7 .516 

7 719 

7 922 


10. 

6.458 

1 6 667 

6 875 

7.083 1 

I 7.292 

7 500 

7 708 

7 917 

H 125 

10. 


6 620 

e.aw 

7 047 

7 260 1 

7.474 

7 688 

7.901 

8 115 

8 .328 

yi 

4 

6 781 

7.000 1 

7.219 

7 4,38 1 

7.656 

7 875 

8094 

8.31.3 

8 5.31 

yi 

H 

6.943 

7 167 

7 .391 

7.615 

7 8139 

8 063 

8 286 

8 510 1 

8 734 

H 

11. 

7.104 

7..3.33 

7.563 

7.792 

8.021 

8 250 

8.479 

8.708 1 

8.938 

11. 

h; 

7 266 

7 500 

7 7.35 

7 969 

8 203 

8 4138 

8 672 

8.906 

9.141 



7.427 

7.667 

7 906 

8.146 

8.386 

H 62.5 

H 865 

9.104 

9 344 

» 


7.689 

7 833 

8 078 

8 323 1 

8.568 1 

8 813 

9 057 

9.802 

9 547 

K 

12. 

7.7.50 

8 000 

8 250 

8.500 

8 7.50 1 

9 000 

9.250 

9 500 

9.750 

12. 


8 073 

8.333 

8,594 

8 854 

9 115 

9 375 

9.63.5 

9 896 

10 16 " 

K 

13. 

8 396 

8.666 

8.938 

9.208 

9 479 

9 750 

10 02 

10 29 

10.56 

18 


8,719 

9.000 

9.981 

9.56.3 

9 844 

10 111 

10 41 

10 69 

10 97 


U. 

9 042 

9 .333 

9 625 

9.917 

10 21 

10.50 

10 79 

11.08 

11.88 

14 


9.365 

9.666 

9.969 

10.27 

10 57 

10 88 

11 18 

11 48 

11.78 

w 

15 

9 688 

10.000 

10.31 

10 63 

10.94 

II '& 

11 56 

11 88 

12 19 

15 

H 

10.01 

10.33 

10 66 

10.98 

11.30 

11 63 

11 95 

12 27 

12 59 

H 

IS. 

10.33 

10 67 

11 00 

n 33 

1167 

12 00 

12 33 

12 67 

18.00 

16. 


10.66 

11 00 

11. .34 

11.69 

12 at 

12 38 

12 72 

13 06 

13.41 


17. 

10.98 

11.33 

11.69 

12.(H 

12 40 

12.75 

13.10 

13 46 

18 81 

17. 


11.30 

11 66 

12 03 

1240 

12 76 

18.13 

13 49 

13.85 

14.22 

H 

18. 

11.63 

12.00 

12.38 

12 75 

13 IS 

13.50 

13 88 

14 25 

14.6S 

18, 

19. 

12.27 

12 67 

13 06 

13.46 

1.3 85 

14 25 

14 65 

15 04 

15 44 

19. 

20. 

12.92 ' 

13. as 

13 75 

14.17 

I4..58 

15.00 

15.42 

15 88 

16 25 

90. 

21. 

13.56 

14 (X) 

14 44 

14.88 

1.5 31 

15 75 

16.19 

16 63 

17.06 

31. 

22. 

14,21 

1466 

15 13 

15 58 

16 04 

16.50 

16 96 j 

17.42 

17.88 

n. 

23 

14.85 , 

15.33 , 

15 81 

16.29 

16.77 

17.25 

17.78 

18.21 

18.60 

a. 

24 

15 50 

16 00 i 

1650 

17.00 

17.50 

18.00 

18.60 

19.00 

19.60 

24. 
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Table or Board Measure— (Ooutiuued.) 


Width m 
Inches. 

Feet of Board Measure conuined in one running foot of BoauDlugs 
of different dimcnsiuQs. (Original.) 

a . 

al 

10 

lOli 

TB 

1 m 

tICK.N] 

lOli 

BSB in 

11 

INCHES. 

1 1 ii« 

j 

12 


Ft BdM 

Ft lid M 

Ft IkI.M. 

Ft lid M 

Ft BdM 

Ft.lld.M 

jFtlldM 'Ft BdM 

Ft lid M 



.3oa;i 

2135 

.2188 

.2240 

.2292 

.2.144 

.2;i96 

• .‘2U8 

.•250() 


« 

41tiT 

.4271 

.4.17.5 

.4479 

.4583 

.4688! 

.4792 

.4896 

5000 


H 

tiirio 

.6106 

.6563 

.6719 

.6875 

7o:ii 

.7188 

.7.444 

.7500 


1. 

M 1 1 

8542 

87,50 

.8.958 

.9167 

.9375 

9583 

.9792 

1 000 

i. 

% 

1 iM3 

1 068 

1 094 

1 120 

1.146 

1 172 

1 198 

1.2‘24 

1 250 



1 iiO 

1 821 

l.3i:i 

1.344 

1.375 

1 406 

1.438 

1.469 

1 500 


H 

1 15H 

1 495 

1.531 

1 568 

1.604 

1 641 

1.677 

1.714 

1.7.50 

h 

'i. I 

l.«67 

1 708 

1.750 

1.792 

1.833 

1 875 

1.917 

1.958 

2 (XH) 



1 H7 j 

1.922 

1.969 

1 2 016 

2.063 

2 109 

2.156 

2.203 

2 ‘250 


a 

3.0H.J 

2.13.5 

2.188 

1 2.240 

2.292 

2311 

2.396 

‘2.448 

2.500 



2 393 

2 .149 

2 406 

2.464 

2.521 

2.578 

2.635 

2 693 

2 750 

K 

3. 

3 oOO 

2 .561 

2.625 

2688 

2 750 

2.813 

2 875 

2.938 

3.000 

8, 

}i 

3.7')H 

2.776 

2 H44 

2 911 

2 979 

3 047 

3 115 

3.182 

3.250 



2 917 

2990 

3 063 

3 i:i5 

3 208 

3.281 

3 354 

3.427 

3 500 

H 

K 

3 ]2o 

3.203 

3 281 

3.959 

3 4,38 

.9.516 

3 594 

8.672 

3.750 


4. 

3.:i.w 

3 417 

1 3 500 

8 583 

3 667 

3 750 

3 8,9;i 

3.917 

4 000 

4. 


3 342 

3 630 

3.719 

3.807 

3.896 

8.984 

4.073 

4.161 

4250 



3 750 

3 84-4 

3 9.38 

4.031 

4 125 

4 219 

4 313 

4 406 

4.500 


H 

3 4.)« 

4 057 

4 136 

4 255 

4 354 

4.453 

4 552 

4 651 

4.750 


&. 

4 167 

4.271 

4 375 

4 479 

4 583 

4,688 

4.791 

4 896 

5 000 

5. 

a 

4 .175 

4 484 

4 .594 

4 70:i 

4.HI3 

4 922 

5.031 

5 141 

5 250 

a 


4 .58.1 

4 698 

4 813 

4.927 

5 042 

5 156 

6.270 

5.:i85 

5 500 

H 

H 

4.792 

4911 

5.031 

: 5.151 

5 271 

5 391 

6.510 

5 6.30 

i 5 750 

H 

«. 

5 000 

5.125 

5 250 

5.375 

5.500 

5.625 

1 5 750 

5.875 

6 OOO 

6. 


1 6 208 

5.339 

5 469 

6 599 

5 729 

5.859 

6 990 

61‘20 

6 ‘250 



, 5 417 

5.552 

5 688 

5 823 

5.958 

6.094 

6 2‘29 

6 365 

6500 



1 5.625 

5 766 

5.906 

6.047 

6.188 

6 328 

6.469 

6.609 

6 750 


1 

5.833 

5.979 

6 125 

6.271 

6.417 

6.563 

6.708 

6 854 

7,000 

7. 

H ' 

3 043 

6.193 

6.344 

6.495 

6646 

6.797 

6.948 

7 099 

7 250 

a 

H 

6.250 

6.406 

6 56.3 

6 719 

6.875 

1 7.031 

7.188 

7.344 

7 500 


94 

3.458 

6 6‘20 

6 781 

6.943 

7.104 

7.266 

7 4-27 

7.589 

7.750 

H 

B. 

6 667 

6.83.3 

7.000 

7.167 

7 3;i3 

7 500 

7.667 

7.8.33 

8 000 

8. 


6.875 

7.047 

7 219 

7.391 

7.563 

7 734 

7.906 

8.078 

8 250 


M 

7 083 

7.260 

7.4.18 

7 615 

7.792 

7 969 

6146 

R3‘23 

8.500 


9k 

7 292 

7.474 

7.656 

7 ai9 

8.021 

8 203 

8 385 

8568 

8.7.50 


9. 

7.500 

7JS88 

7 876 

8.063 

9.250 

8 4.98 

8.6'25 

8 813 

9.000 

9 ; 

H 

7 708 

7 901 

8094 

8 286 

6 479 

8.673 

8.H(» 

9 057 

9.250 

\i 

H 

7.917 

6.115 

8 .313 

8.510 

8 709 

9906 

9104 

9.302 

9.500 

H 

H 

8.125 

8 328 

8 531 

8.7:i4 

8 939 

9141 

9.344 

9.547 

9.750 

K 

10. 

8. 233 

8 542 

8 7.50 

8 958 

9 167 ! 

9.975 

9.583 

9 792 

10 00 

10/ 


8 542 

8 755 

8.969 . 

9.182 

9.396 

9.609 

9 823 

10 04 

10 '25 


14 

0 780 

8 969 

9 188 

9.106 

9 625 

9844 

10.06 

10.‘28 

10 50 


H 

8 9,58 

9 182 

9.406 

9.690 

93454 

10.08 

10 30 

10 53 

10.75 


11. 

9,167 

9.396 

9 625 

9.854 

10.08 

10 31 

10 5* 

10.77 

11.00 

11 . 


9 375 

9.609 

9 844 

10 08 

10.91 

1 10 55 

10.78 

11 02 

11 25 


H 

9.583 

9 82:1 

10 06 

10.90 

10.64 

10.78 

11.02 

1I.’26 

11 50 1 

H 

H 

9 792 

10.04 

10 28 

10.53 

10 77 

11.02 

11. ‘26 

11 51 

11 75 

H 

13. I 

10 00 

10.25 

10.50 

10.75 

1100 

11. ‘25 

11. .50 

n 75 

12 00 

12 . 


10 42 

10 68 

10 94 

11.20 

11.46 

11.72 

11.98 

12 ‘24 

12 .50 

H 

18. 1 

10.8:1 

11.10 

11 38 

11.65 

11.92 

12.19 

12 46 

12.73 

13 00 

13. 

H 

11.2.1 

11.63 

H.81 

12 09 

12 .98 

12.66 

12.94 

13 ‘22 

13 50 

H 

14. 

11.67 

11.96 

12 25 

12.54 

12.83 

1313 

13.42 

13 71 

14 00 

14. 


12 08 

12 39 

12 69 

12 99 

1.9.29 

13 59 

13.90 

14 ‘20 

14m50 


15. 

12 .50 

12 81 

13 13 

13 44 

13.75 

14 (Mi 

14 .38 

14.69 

15.00 

15. 


12 92 

13 24 

13,56 

13 89 

14 21 

14 .)3 

14 85 

1.5.18 

15.50 


16 

i;i .i:i 

1.167 

14 (H) 

14:13 

14 67 

15 00 

15:i3 

15 67 

16 00 

16. 


i:i 73 

14 09 

14 44 

14 78 

15 1.9 

15 47 

15 81 

1616 

16 50 

H 

IT. 

14 IT 

14 52 i 

14.88 

15 23 

15.58 

15.94 

16 ‘29 

16.65 

17.00 

17. 


14 58 

1495 

15 31 

15 77 

16 04 

16 41 

16 77 

17 14 

17.50 

H 

n. 

1,5 00 

15 38 

15 75 

16.13 

16 50 

16 88 

17 '25 

IT 63 

1800 

18. 

19. 

1. ) 83 

16.23 

16 6.3 

17 02 

17 42 

17 81 

18 21 

1860 

19 00 

19. 

30. 

16 67 

17.08 

17.50 

17 92 

18 :i3 

18 75 

19.17 

19 58 

'20 00 

26. 

31. 

17 50 

17 94 

18 38 

18 81 

19 25 

19 69 

20 i:i 

‘.D 56 

21 00 

21 . 

23. 

18. '13 

18 79 

19 25 

19 71 

20.17 

2(»6;i 

21 08 

21 54 

‘22.00 

22. 

33. 

19.17 

19 65 

20.1.9 

20 60 

21 08 

21.56 

•22 (i^ 

22 52 

23 00 

2\ 

34. 

30.00 

30.50 

21.00 

21 50 

22.00 

22 50 

•2:i.(*o 

•23.50 

24.00 

V't’ 
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In surveying a tract of ground, the sides which compose Its outline are deslg* 
Dated by numbers in the order in which they occur. That end of each side which 
first presents itself in tlie course of the survey, may be called itsncrt7'eud; and the 
Other end. The number of each side is placed at its iar end Tlui.s, in Fig. 1, 
the survey being supposed to commence at the corner G, and to fidlow tlie direc- 
tion of the arrows, the first side is 6, 1 , and its number is placed at its far end at 1; 
and so of the rest. Let N S be a meridian line, that is, a norlli and south linej 
and EW an east and west line. Then in any side which runs northwardly 



whether norllieast, as side 2; or northwest, as sides 5 and 1 ; or due north; the 
distance in a due nortii direction between its near end and its Iar end, is called 
its northing; thus, a 1 is the northing of side 1; 1 ft the northing of side 2; 4 c 
of side 5. In like manner, if any side runs in a southwardly direction, whether 
southeasiwardly, a.s side 3; or south west wardly, as sides 4 and G; or due south ; 
the corresiiondtng distance m a due south direction between its near end and its 
far end, is called its southing; thus, </3 w the southing of side 3; He of side 4; 
/6of bide 6. Both northings and southings are included in the general term 
Difference of Latitude of a side; or, more ccmimonly hut erroneously, it.*} lalihak. 
The distance duo east, or due west, between the near and the far end of any side, 
is in like manner called the easting, or westing, of that side, as the ease may fie; 
thus, G a is the westing of side I ; 5/ of side 6; efi of side 6; e4 of side 4; and 
ft 2 is the easting of side 2; 2d of side 3 Both eastings and westings are included 
in the general term Departure oX aside; implying that the side de/iarts so far 
from a north or south direction. We may say that a side norths, wests, southeasts, 
Ac. We shall call the northings, southings, Ac. the Ns, Hs, Es, and Ws ; the lati- 
tudes, lats; and the departures, deps. 

Perfect accuracy is unattainable in any operation involving the measure- 
ments of angles and distances * That work is aeeurate I'nougti, wliicli cannot 
be made more so without an expenditure more than commensurate with the 
object to be gained. There is no great difficulty in coiifiiuiig tlie uncertainty 
within about one-half per cent, of the content, and this probably never ])re- 
vents a transfer in farm trausactioii.s But errors alw ays beconie apparent when 
we come to work out the field notes; and since the mai) or plot of tlie survey, and 
the calculations for ascertaining the content, should be consistent within them* 
selves, we do what is usually called corr«rtmgr the errors, hut what in fact is simply 
humoring themin, no matter how scientific the nrocess may appear. We distrili- 
ute them all around the survey. Two methods are used for tliis purpose, both 
based upon precisely the same principle; one by means of drawing; the other, 
more exact hut much more troublesome, by calculation. The graphic method, in 
the hands of a correct draftsman, is sufficiently exact fur all ordinary purposes. 
Add all the sides iu feet together; and divide Uie sum by their number, for the 
average length. Divide this average by 8; the quotient will be the proper scale 
in fleet per inch. In other words, take about 8 ins. to represent an average side. 
Wesball take it for granted that an engineer does not consider it accurate work to 


* A 100 ft. chain may vary its length 5 feet per mile, between winter and summer, by mere 
change of temn'ii ature ; and ihla alone will make a difference of about I acre in 533. The atu« 
dent Ibould praotlie plotting from perfeclbi accurate data ; aa from the example tu table, p. 3S1, ot 
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BMWurf hia anglea to the neareat quarter of a degree, vbleh la the nanal practice among land'aurre? 
ora. They can, by luuauaof the cugineer’a trauaii, nowin univeraul uae on our public worka, be readily 
meaaured withiu a niiniiic or two, and beltig thun much more accurate than the conipaaa couraoa, 
(which cuiimit bo read oft so closely, and which are moreover subject to many aourccs of error,) they 
serve to correct the latter in the office. The noting of the courses, however, should not be confined M 
the nearest quarters of a degree, but shonld be read as closely as the observer can guess at tlie minutes. 
The back courses also should be taken at every corner, as an additional check, and for the detection 
of local attraction It la 
well In taking the com- 
pass bearings, ic adopt 
as a rule, alwu}8 to point 
the north of the cutiipass- 
box toward the object 
whose bearing is to be 
taken, and to read off 
from the noitli end of the 
needle. A pet son who 
uses indiirercntlv the N 
and the S of tin hox, and 
of the needle, will he very 
liable to make mistakes 
It is best to measure the 
IroHt angle (shown by 
dotted arcs, Klg 2,) at the 
corners; whether It be 
exterior, as tbat atenriier 
6; or interior, as all the 
others; b 'cause It is al- 
ways le.ss than IHO'’, so 
that there Is less d.uigcr 
of reading it oil incor- 
rectly, than If Itexceeded 
isd'^ taking it for grant- 
ed that the transit instrument la graduated from the tame lero to 180° each way ; If it is graduated 
from xero to 3t>u° the precaution is useleas. When the amall angle is exterior, subtract it from 360* 
for the Ulterior one 

Supposing the field work to bo finished, and that we require a plot from which the contents may 
lie obtained mechanically, by dividing it into triangles, (the bases and heights of which may be 
raea8ur»»d by scale, and their areas calculated one by one,) a protniction of It may be made at once 
from the field notes, either by using the anqlet, or by first correcting the bearings by means of the 
angles, and then using them The last Is the best, because in tbe first tlie protractor must be moved 
to each angle , whereas in the last it will remain stationary while all the bearings are being pricked 
off. Every moienient of it increases the liability to errors'. The manner of correcting the bearingi 
is explained on the next page, 

in either ease the protracted plot will certainly not close precisely ; not only Inconsequenceof errors In 
the field work, but also In the protracting usetf Thus the last side, N'o6, Klg 2, instead of closing in at 
corner (i, will end somewhere else, say, for iiiHtaiice, at f ; the dist 1 6 lielng the rlosing error, which, 
however, as represeiiied in Fig 2, is more than ten times as great, proportionally to the size of the 
survey, as would lie allowable in practice. Now to bumor-in this error, rule through every cornei 
a short line pariillcl to f 6, and, la all cases, in the direction from t (wherever i» mav be) to tba 
starting point 6 Add all the sides together , and measure 1 6 by tbe scale of the plot. Then beglD- 
ning at corner 1 , at the far end of side 1, say, as the 



Sum of all . Total closing 
the sides • error f 6 


Sidel 


Error 
for side 1. 


Lay off this error from 1 to a. Then at corner 2, say , as the 

•Sum of all . Total closing . , Sum of . Error 
the sides • error f 6 • • sides 1 aud 2 • for side 2. 


Which error lav off from 2 to b ; and so at each of the coruers ; always using, as the third term, the 
sum of the sides iK-twecn the starting pulatC.a(l tbe given corner. Finally, Join the points a, h, e, 
if, «, 6; and the plot is finished. 

The correijtioi' has evidently changed the length of everv side; lengthening some and shortening 
others It has also ehanjed the angles. The new lengtlm and angles may with tolerable aoouracj 
tiu touud by means of the scale and protractor; and be marked on the plot 'iu.stead of the old ones. 


•'roin those to be found in hooks on snrveving. This is the only way In which he can learn what U 
meant hv accurate work His sein)ciicul.ir ivolraotor should be about 9 to 12 ins iu diam and gradu- 
ated to 10 inln. His straight edge aud triangle should lie of metal; we prefer Rerinau silver, wbloll 
does not rust as steel does ; and tbev should he made with smipulona orcwracy by a skilful tnstm- 
inent maker. A veri flue needle, with a sealing-wax head, should be used for pricking off dlsts and 
angles ; U must be held vertically ; and, the eye of the draftsman must be directly over It. The lead 
pencil should be hard (Faber’s No. 4 is gooil for protracting), and must be kept to a sharp point by 
rubbing on a fine file, after using a knife for romotdng tbe wood. The scale should be at least as lon| 
as the longest side of the plot, and slioiiUd he made at the edge of a strip of the same paper as the plot 
Is drawn on. This will obviate to a oonsidernble extent, errors arising from controcUoti and expan^ 
sion. Unfortunately, a sheet of paper does not oontract and expan(\ in the same proportion length' 
wise and ornsawlsc, thus preventing the pajier scale from being a perteoi corrective. In plots of com 
■non farm surveys, Ac, however, the errors from this source may be neglected. For such plots as mat 
« protracted, divided, and computed within a time too short to admit of appreciable change, thMrtl 
larv scales of wood, ivory or metal mtij bo used; but satlsfactorv aceuraev cannot he obtalnea will 
'.hem on plots requiring several days. If the air be meanwhile alternately moist aud dry, or suhiect h 
considerable variations in tenifKjraturc. What is called parchment jiaper Is worse in this respect that 
good ordinary drawing paper. 

With the foregoing precautions we may work (k^om a drawlnCt with as much accuracy as Is uoall] 
attained in the field work. 
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When the plot bee many sidea, this oaloulatiug the error for each ui them becomes tedious ; aoc 


join a c , and liraw 1 1 ' , i. 2 , Ac, a liu.h a ill give the error at each corner. 

When the plot is ^iLus eomplsted, it moi he divided by fine pencil lines into triangles, ahow 
bast"! anil lieight-< may he inou-iired bj the scale, in order to compute the oontenw. W itli care li 
both the survey and the ilraa mg, the error should not exetrd ulwlit ^ ^ part ot the true area. Ai 
least two distinct sets of triangles ..hould lie draaii and computed as a giiatd iigaiust mistakes ; and i 
the two seta differ m calculated contents more than aliout ^ J part, they lime not been as caiefullj 
prepared as they should have been The closing error due to imperfect held work, may be accuracch 
calculated, as «e shall show and laid doau on the jiaper before beginning ihe plot, tbii- furiiishinj 
a perfect test of the accuraev of the protruelion work, which, if correctly done, will not close at tbi 
pointof lieginning, but at the point nliicb indicates tbeerror. But this calculation of the error, b; 
a little additional trouble, furnishes data also for dividing it by caleulatinn among the dilf sides 
heaidei the means of drawing the plot co.rrctly el once, without the use of a protractor thus ena 
bling us to make the subsequent measurenieuts and computatious of the triangles with more oer 
Uinty 

We shall now describe this prnress, out would recommend that even when It is employed, am 
eapeolally In complicated surveys, a rough plot should tirsi he made and correrted, by (hi flrsi ofth 
two mechanical methods already alluued to It will prove to l>e of great service in using the metboi 
by oaloalation, iuasmach as it fumiNhcs an cvecheek to vexatious mistaken which are otherwise ap 
to occur; for, although the principles involved are extremely simple, and easily reiiiemlaTed whei 
once understood, yet the continual changes in the directions of the sides will, wiiliout great care 
cause us to use Ns instead of Ss , Es iiiHiead of Ws, Ac 

We suppose, then, that such a rough plot has been prepared, and that the aug’es, bearings, an 
disunces, as taken from the field book, are ttgured upon it in lead pencil 

Add together the interior angles formed at all the cornera call their sum a. Mult the number o 
sides by 180^ , from the prod subtract . if the remainder is equal to the sum a, it is a proof ths 
the auglet have been correctly measured * This, however, will rarely if ever occur, there wll 
always be some discrepancy , but if the Held work has been performed with moderate care, this wi! 
not exceed about two nilu for each angle. In this casediv it in equal parte among all the anglei 
adding or subtracting, as the case may lie, unless It aiuounts to less than a min to each angle, who 
it may be entirely disregarded in common farm surveys The corrected angles may then be niarke 
on the plot in ink, and the pencilled figures erased. M'e will suppose the corrected ones to be a 
«bowD in Pig 3. 

Next, by means of thes 
corrected angles, oorrret th 
bearings alsu, llius. Fig 3 
Select some side (the Innge 
the better) from the two end 
of which the bearing and th 
reverse hearing agreed ; tbu 
showing that that licarin 
was prohubly not influence 
by local attraction I.et aid 
'I be the one so selected : a< 
suroeita bearing. N 75^^ 32' 1 
as taken on the ground, to b 
correct; through either en 
of It, as at its far end ‘I, dra' 
the short meridian line; pai 
allel to which draw otliei 
through every corner. Nov 
having the iK'iintig of side : 
N T.^'’ 'M' E. and requlrin 
that of side 3, it !•< plain thi 
the reverse hcsniig fromcoi 
ner 2 is H V5^> H2 W ; an 
that therefore the angle 1. : 
m, 18 . Therefore, If w 
take 75° 32 from the entii 
corrected angle 1.2 8, or l+f 
67’, the rem 69° 2.5' will I 
the angle m 23 ; onnsequentl 
the Itcaringof side 8 must t 
e W> 2.5' E. For finding the bearing of side 4, wo now have the angle «1 a of the reverse bearing o 
tide 8, also equal to 69° 25' ; and if we add this to the entire oorreousd angle 234, or to 69° 82 . we hav 
the angle a 84 = 69° 25' 4- 69° .32 =1.18° 67'; which Ukon from 180°, leaves the angle 6 84 -41° 8 
Bonsoquently the bearing of side 4 must be S 41° 3' W. For the bearing of side 6 wo now hare ti 
anglOM c~410 3<^ which taken from the corrected angle 345, or 120° 43', leaves the angle c tt = 7l 
40' ; oonsequenlly the bearing of side 5 must be N 79° 40' W. At corner 5, for the bearing of sidei 
we have the angle 4.5 d - 79° 40'. wbleb taken from 13.3° 10', leaves the angle d 56 - 6.1° 80' ; oonw 
qnenUy the bearing of sldefi miest lie 8 6.3° .30' W. And so with each of the sides, nothing hi 

• Bwause in every straight-lined flgiire the sum of all Its Interior angles is eoual to twloe as man 

light angles aa the figure has sides, minux 4 right angles, or 360°. 



nuce, in a well-performed survey and protracuuu, the entire error will Ik- but a very small quantity 
It should not exceed abuut partof the periphery,) «t may usually be divided aiming the sides b] 
merely placing about <4, and H it at Corners about yi, 34, and ^4 way around the plot , and al 
,, , intcrnicdiaic coiuers proper 

I* 2^ ** 


,, , intcrnicdiaic coiuers proper 

«> — — 1“ lion It by eye Or calciilatioi 

j ' 1 may be av oidcd entirely by 

! ! 1 dra'wiug a line a b of a lengtt 

3 4-5 6 equal to the united lengthi 

ol all the sides ; dividing ii 
iiii.il to the respective sides. Make b c equal to the entire clusiug ei rur 
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nrefol ob«ervatloo Is uecessary to s«e how the several angles arc to be etiiployed at each oora«>. 
ftules are sumetinies given fur this purpose, but unices fmiucntly used, they are soon forgotten 
The plot niechaiiiually prepared uUviaies the necessity fur such rules, iuasiuueh as the piiiiciple of 
liroceediug ttiereliy becuiues merely a mutter of sight, and tends greatly In pi event error I rum DsSug 
Lhe wrong bearings; while the protractor will at once detect any serious iiiislukes as to the •'nglBs, 
tud thus prevent their being carried farther uloiig After having ohtaineil all the corrected lieurlags, 
diev may be tlgnreil on the plot Instead of those taken in the field. Thej will, however, require a 
mil further correction afterawhile, since they will heaflccted b> the adjustment of the closing error. 

We now proceed to oaloiilate the olusing error <6 of Vig 2 , which is done on the principle that in a 
lorreot survey the northings will lie equal to the southings, and the eastings to the westings, Pre- 
iiareu table of 7 colutnns, as below, and in thefirsi.'ieols place the numtiers of the sides, and their '’or. 
■ected courses; also thedists or lengths of the xidcs, as measured on the rough pint. If such a one 
las been prepared ; but if not, theu as measured on the ground. Let them be as follows : 



1 

1 1 

LatitiuloM. 

Popart iiri-R. 


Bfiiiring. 







1 Citit. Ft. ' 

N. 

8. ; H. 1 

W. 

1 

1 N IfjO 4(K W 

lOfiO 

1015 5 



304 

2 

N 7f.° S2' K 

1202 

1 300.3 

390.2 ! 

1 nfi;i9 


8 

8 fill° 25' H 

1110 



1 10.19.2 


4 

8 41° ;i' W 

850 


641. 1 

I 

658.2 

6 

N 7y° A(y w 

S02 

143.9 


1 

789. 


8 6.*^ 30' W 

706 


419.3 

1 

506.7 




1459.7 

1450.5 

1 2203.1 

2.iI7.9 




1450 5 


1 

2203.1 

j 



9.*2 

Error in 

Error lu 

14.8 





Lat. 

]>op. 


Now. by 

means of tnc Table of Sines, etc . 

, find the N, 

S. K, W, of the sev era’ sides, and idsee 

them in the corresponding four columns Thus, for side 1, which is lOhO feet long, 

with bearing 


N 160 40' W ; cos 1(|0 40' = 0 It.'iHO , sin lb” 40' = 0.2hf.8. 

Here N = 1060 X 0 0500 = 1015 5; and W = 1060 x 0 2868 = .104. Proceed 
thus with all Add up the four ooli; find the dlff lietween the K and S cols; and also between 
the E and W ones. In this instance we find that the Ns arc It 2 feet greater than the Ss ; and that 
the Wa are 14 h it greater than the Ksj In other words, there is a closing error which would cause a 
correef protraction of onr first three cols, to terminate 9 2 feel too far north of the starting point , and 
)4.8 feet too far wi st of it 8 o that by placing this error upon the paper before beginning to protract, 
we should hav e h test for the accuracy of the protraeting work . hut os bt'forc remarked, a little more 
•rouble r;ill iimi cniihleiiH todiv the error priiportionulU among all the Ns, Ss, Rs, and Ws, and thereby 
give as data lor <1riwtiiK the plot eorreeilv atonoe. without using a protraolorat all 

To divide picpare a table precisely the same as the foregoing, except that the hor spaces 

are farther iitia-t , and timt the .Kidings-up of the old N, 8, E, W ootumna are omitutd. The additions 
here uottcid are ninde snhspquent'v. 

The new Ubie is on the next page. 


Rem AUK, The bearliiKT and the reverse bearing: from the two ends 
of ii liue will not retid jiivfihti.tr the a.mie at^nlo; uud tin* dittVieiife v.inea with the 
latitude and with the leii^tth of the line, hut not in the wiiut* iirojiurtion with either. 
It 18 , however, goncnillv too einaU to he detei ted h\ the luvilJe, being, ticcording *o 
Gummere, only ihieo (juarlors of a minute in a lino one mile Ituig in hit 40°. In 
higher lat>r it is miJio,anil m lower oiiea lose. It ih caused by the tact that meridians 
Hr north and couth hues are not truly parallel to each other ; but would if extended 
ueet at tlie poles. 

Hence the only bcarlnyc that can be rnn In a Htralf^ht lin^ 

with strict accuracy, is u ii ne N nn.i S one, except on the very equator, where atone a doe K and W 

one will also he htraiL'lit Hut a true curved E ainl H line may bo found 

anywhere with sufficient uccui ai'j for the surveyor’s purposes thus Hav mg first by means ol the N 
stM p 284. or otherwise go' a true N and 8 bearing at the suiting point, lav off from it 90", for a true 
K and W bearing at that point '1 his K and W bearing will be ungeui u> the ti ue E and W our«. 
Hun tills Ungentcaielully . and at intervals (say at the end of each mile) lay off from it (towaMs 
the N If in N lat. or vice ver^a) an offset whose length in /««t is equal to the proper one from the 
following table, multiplied by the sijnare ol the distance in mi/ss from the sPi'-'iug point Ibete 
offseu will mark points ij the true K and W curve. 


l.iitHnde N or N. 

h ' Ifio 150 20" 25" :i0" 85" 40" 45" 50" 55" 60" 65 “ 

Oflfkets ill ft one mile from MtartiiiK point. 

058 .118 .179 .243 .311 . 88.1 .467 .559 .667 .795 .952 1 15 1.43 

Or, Any oflbet in ft = .<i6GG X Total Ihst in iniU*s‘‘* X Nat Tang of Lat. 

A rbnmb line is any one that cro.vio.s a lufiidian obliquely, that is, is 

• Uher dot M and 8, nor E and W. 

2 ? 
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1 


DepartureB. 

Side. Beiiving. 1 Dist. Ft. 



1 

N 1 S. 

E, W. 

1 N 40' W lOfiO 

Jttl.'j.n 

304.0 

i 

__ _ L_ 

~301.3^ 

2 N 75° 32' E 1202 

3(H) 

1163.9 

1 

1.9 . 

31 


293.4 

... 1 167 .0 

3 S 60° 25' E 1110 

390.2 i 

1039.2 


1.8 i 

2 9 


392 . 1 

... 1042.1 

4 S 41° 3' W H.'.0 

641.0 

5.5R.2 


1.3 I 



012.3“ 


6 N 79° 40' W R02 

143 9 

789 0 


13 

21 


142.6 

~7S6.9 

6 1 S 53° 30' W T05 

419.3 

566 7 


11 1 

1 S 


420 1“' 

564 ir* 

5729 j 

! 1454.8 14t'4.7 ] 

2200 1 2209 1 

Sum of 
Siilos. 

Coi'd N.S Cor’d S» ! 

Cur'd Es iCoi'inVH. 

Now we ha\o alrcad) found by the old table 

1 that the Ns aud the M’s 

arc too long; conse<iucntlj 

they must bo shortened ; while the Rs, and Es, 

, must be lengthened , all in 

the liilliiwiQg proportions; 


A« the 

Rum of all . Anyitlveo ,, Total err of , Erroflai ordep, 

the bides • side •• latordep • of gi^en side. 

Thua, oommenoing with the lat of side 1, we have, as 

Sum of all the sides. . Side 1. .. Total 1st err. . Lot err of side 1. 

.'i729 * 1000 • • 9 2 • 17 

Now as the lat of side 1 is north, It must ho shortened ; hence It becomes =rl 01 ’> 5 — 1.7=^1015 8, u 
Hgured out In the new table. Again we have for the departure of side 1, 

Sum of all the sides. . Sldel. Total dep err. . Pep err of side 1. 

6729 • 1060 •• li8 • 2 7 
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lats ana deps alone. The principal ig aelf-ewlent, explaining itself. First draw a meridian line 
N S, Fig. 4 ; and upon it (lx on a point 1, to rLpreneut the extreme tottt* comer of the survey. 

Then from the point I, prick off by eoale, tioithwani, the dist 1, 2':^thp corrected northing 298.4 
of side 2, taken from the hint laiile; from 2* ‘unithward prick off the dist 2^, .3', the correcU'd south* 
ing .‘592 of side 3 , from -V southward prick off .F, V , =soiiihing M'l 3 of side 4 ; from 4' northward 
prick otl 4', .V- northing 142.6 of side 5, fioni S' prick off southward o', 6'— southing of side 6i. 
Then from the points 2', S', 4', S', &, draw indefinite lines due easiwaid, or at right angles to the 
meridian line. Make by scale, 2', 2=rcorrected departure of side 2j and join 1, 2. Make S', 3“ dep 
of side 2-|-dcp of side S ; and join 2, 3; make 4 , 4=3', 3 — dep of side 4, and, join 3, 4; make S', 6 
=4', 4 — depof sidcS; audjolu4,5; make 6'. B = .S'. 5 — depof sided; andjoiu5,(il Finally join 
5. 1 ; and the plot is complete If scrupulous accui.ici U u<tt required, the contents may bo found by 
the mechanical method of triangles; the bearings, bv the protractor; aud the lengths of the sides, 
i>y the scale ; all nith an appmximatlon sulhcient for ordinary purposes; and perhaps quite as close 
as by the method hj calcuUtlou, when, as is customary, the bearings are taken only to the nearest 

quarter of a degree. We have already said that with a scale of feet per lnch = 
the error of area need not excfed the ^ pffth part. 

Ilut if It is required to calculate the area of the corrected survey with rigorous exactness, it may 
■je done on the following 
,)iiiiciple, (see Fig .'> ) If a 
iDcnillan lino N S be sup- ™ 

))oscd to be drawn through 
'.be extreme west corucr 1 of 
g survey , and hues (called 
middle dietaiues) drawn (as 
Hie dotted ones in the Fig) 
it right angles to said me- 
ridian, from the ernter of 1 
tacb side of the survey ; ' 

'.hen if each of tlie middle 
lists of such sides as have 
aorthiiigs, be niiilt by the 
jorrected northing of Us cor- 
responding side , and if each 
if the middle dists of such 
ddcs as have southings, be 
mult by thd corrected soutli- 
mg of Us corresponding 
vide : if we add all the north 
prods into one sum; and ail 
the south prods into another 
Kim ; and subtract the least 
of those suras from the great- 
est, the rem will be the urea 



• The extreme east comer would answer as well, with a slight change in the subsequent oper- 
ations, as Will become evident. 

t Instead of pricking off these northings and southings in succession, /Von» each other, It will bs 
more correct in practice to prepare first a tutile sliowlng how fur each of the points 2', 3', &c, is north 
or south from 1. This being done, the points can bo pricked off north or south from 1, without tnov‘ 
ino the leale each t»ms ; aud of course with greater accuracy. Such a table is readily formed. Rult 
n as below , aud in the ttrsi three ooluuius place the numliers of the sides (starting with side 2 from 
l»>iut 1 ,) aud their respective corrected northings and southings The formation of the 4th aud 6th 
coll by means of the 3d and 4tb ones, explains Itself, lu accuracy is proved by the final result 
being 0. 


r 

Bide. 

N. lat. 

S. lat. 

Dial V or S from Point 1. 
N. 1 B. 

2 



29H4 1 

1 

3 

298.4 j 

392. 


93.6 

4 


6(2 3 


735.9 

5 

142.6 



593.3 

« 


420.4 


1013.7 

1 

1013 8 


000 0 

000 0 


I A similar table should be prepared beforehand for the dists of the points 2, S, 4, fte, east from tba 
meridian line. It is done in the same manner, but requires one ool less, as idl the diets are on tht 
same aide of the mer line. Tlius, starting from point 1, with side 2 . 


Bide. 

E dep. 

W. dep. 

Plst east from 
meridian line. 

2 

1167.0 


1167.0 

3 

1042.1 


2209.1 

4 1 


656.0 

1653.1 

& 


786.9 

666.2 

* 


664.9 

801.8 



801.3 

000.0 


this w«rk UkevUe proves itself by the final reaalt being 0. 
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ot ths aarvej.* The oorreeted northinKa and aouthinRa we have atrea<iv found ; as also the easiingl 
and weailngs. The niuldle distH are fiiund by lueaus uf the lattei , by employ iiig their halves ; addiui; 
half eaetiuga. aud subirautiug half weatingsi. Thuw it la evnluut that the middle dint 2' of aide 2, In 
iM]ual to half the eaHting of aide 2. To this add the other half easiiiig uf side 2, and a half easting 
of Hides, and the sum is plainly ei|ual to the middle distS of sided. To this add the other half 
easting of Hide d, and subtract a half westing of side 4. for the middle did 4 of side 4. From thi* 
subtraot the other li.ilf westing of side 1, and a half westing of side 5, for the middle diet 5' of sidf 
U, and so on. The autual calculutiou may bo made thus. 

11C7 

Half easimg of side 2 — ~ .^iKl r> K = mid disl of side 2. 

2 ;»h! o K 

H)«2 1 lldTO K 

Half easting of side .! = = fi21 0 E 

1GH8 0 E =: mid dist of sided. 

621 0 £ 

5.-.6 22np 0 K 

Half westing of side i— — = 27» 0 W 

19110 K — mid distofside4 

27» 0 W 

7Nfi 9 IfiT)'! 0 K 
Half westing of side 5 = — - = 39.i 5 W' 

12.VJ 5 F. = mid dist of side 6 

393 j W 

&o4 9 Kl.li 0 R 

Half westing of side 6 = = 2«2 I W 

583 fi K = mid dist of side ft. 

2.S.* I W 

301.3 301 2 Fi 

Half westing of side 1 = = 15ii (I V 

150.6 E = mid dist of side 1. 

The work alwars proves itself bv the last two results being equal. 

Next make a table like the follnwiug, iii the first 4 cols of which place the numbers of the sides, 
the middle diets, the uorthuig<<. aud Miuthiugs. Mult eauh nilddiu dint by its coi rcspouding northing 
or southing, and place the products in their proper col. Add up each col , subtract the least from the 


Side. 1 Middle dist. 

NorthinR. 

Soiitliing. 

North prod. 

South prod. ! 


1 

150.6 

1013.8 


152678 



2 ! 

583.6 

298.4 ; 


174116 



S ! 

1688 1 

1 

392 


661696 


4 ; 

1931 


642.3 


1240281 


5 

125H.5 

142.6 


179605 j 



6 

5S3 6 


420.4 


245345 






506399 , 

2147322 







506391) 







43.5( 

RO)lf)4iK»2;5r37 

67 Acres. 


* iVoo/, To illustrate the principle upon which this 
mle is based, let ab, be, and ca, Fig 6, represent in 
order the .3 sides of the triangular plot of a survey, with 
a meridian line <1/ drawn through the extreme westoor- 
Her, a. Let lines b d and c/ be drawn from each ooroer, 
perp to the meridian line ; also from the middle of each 
aide draw lines w e, m n, s o, also perp to meridian ; and 
npresenting the middle dists of the sides. Then slnoe 
the sides are regarded in the order a 6, be, c a, it is 
plain that ad represents the northing of the side ab; 

6 1 the northing ot ca; and d/ the southing of be. 

DW if we mnit the nttrcbing ad of the side a 6, by its 
mid dist ew, the prod is the area of the triangle abd. 
!n like manner the nortMng fa of the side ca, mult by 
its mid dist s o, gives the area of the triangle a c/. Again, 
the tonthing d/of the side b c, mult by its mid dist win, 
l^ves the area of the entire fig d bc/d. If from this 
■rea we subtract the areas of the two triangles abd, 
mi a ef, the rem U evidently the area of the plot a be. 
8e srith any other plott however oompUoated. 




LAND SURVEYING. 


28 ) 


jpreatcst. The rem ill be th»3 area of the 8ur\ev in nq ft ; which, div by 4:15(50, (the number of eq t| 
Ui nil acre,) will be the aiea lu acien, iii this iiistuiiie, JT 67 ue. 

It now reiiiuiiiH mil) ii> t lIi ii1.ili iiiecuiiii ii-l In-ariiii;-- ll■ll,^lh't cf ihe eidea nf the Kurvey, all 
of winch liiu iiecuaaiirilv eiiuiigi i| liv iiie ll■l•■|>lll>ll nf liie enriii'leii Ut '• iiiiil depa. To tluit the lieariug 
ot uuy Hide, dlv lie depariuie il. ui VI ) by ii-> lai m S, . iii iiii i-ibli ol nut tang, llud the quot; 

the angle oppoHlte It ill the reqd angle of bearing. Tliua, for the ooiiise of side 1, we have ' 

II 

~ .2972— nat tang , oppoaite which lu the table ia the reqd angle, 16" ICl' ; the bearing, therefore, u 
N IhJ 3;$ W. 

Again ; for the dhl or length of anr Hide, from the table of iiat cosines take the eos opposite to 
.he angle ol the collected heating , divide the corrected hit (N oi S> of the side by the uos. Tnua 
"or the diet ot .side 1, we lind opposite 16*^ 3d , the cos .9536 And 
Lat. Cos. 

1013 B -i- »5H6». 1057 6 the reqd dlst. 

The following table oontumB all the corrections of the fnregotug survey ; oousequeutly, if the bear* 


Side. 

Bearing. 

Dist. Ft. 

1 

N B 

1057.6 

2 

N 75° 39' K 

1204.0 

8 

S «yO 23' E 

) 1113.3 

4 

8 40° 53' W 

849.6 

5 

N 79044 'W 

I 8110.1 

6 

8 5-5° 21' \V 

, 7(14.3 


inga and dists are correctly plotted they will close iverfectly. The young aaslstant ia advised M 
practise doing this, us wi li as dividing the plot into triaiiglcH, and computing the content. In this 
manner he will soon learn what degree of care is necessary to insure accurate resuliM 
iuo to.iowii.s hints may often oe of service, 
ist. Avoid taking bearings and 
diHts along a circuitous bound- 
ary line like a b c, Kig 7 , but run 
the straight line a c; and at 
right angles to it, measure off- 
sets to the crooked line. Hd. 

Vrishing to survey a straight 
line from a to c, but belug una- 
ble to direct the instrumeut 
precisely toward c, on account 
of intervening woods, or other 
obstacles ; lirst run a trial line, 
as a m, as neariv in the proper 
direction as can lie guessed at 
Measure m and say, as a m is to m r, so Is 100 ft to 7 Lay off o o equal to 100 ft, and o • •OW 
ti 7 ; and ru.n the flnal line o s c. Or. if m c is quite amall, calculate oft«eu like o s foivevery 100 ft 
along a m. and thus avoid the necessltv for running a second line. 8d. When i is visible f^ro o, but 
the intervenii'g ground dlfliciili to measure along, on acoouni of marshes, &c. extend tbe 9 • 
to good ground at t : then making the angle ytd equal to v a r, run the line t ti to that point o U 
which the angle n d c is found by trial to 1m- equal to the angle o ( <1. it will rarely be ne^atry to 
make more than one trial for this jMvint d , for, siippoxe it to be made at x, see where it atnkea a c at 
I , measure i c, and cnriliinie from x, niuklng ar if = » c. 4lh. In case of a very irregular pl^ of 
land, or a lake, Fig H, anrrouiid it by straight lines. Bnrvev these, and at right angloa to tbem. 
measure offsets to the crooked boundary 




Fig. 9. 

5th. Fiir 9 Survey Inir a stralffht line from w toward y, an obatMle, o. la met To imM 
it. lav off a riirlit amrii* «’ f « , iiieaBiire anv t u make « w o - 90*' , measure « » ; make 
H V I = 00° miike i’ i — < « , make i’ » y 00°. Then iB f t = u v , and t y is in the BlTaigrht 
line. Or. w iLli les« trouble, at tf make fffn~ 60° . meaaui e any g a ; make o a # = (10° ; 
and as = ga, make uni ~ (10°. Then is v « .y u or o a ; and i «. continued toward y, 
is In the straijrht lino, eth Fiir 10. Ileing iietwi'en two ohjw'ts. w and n. and wiBhlM: 
to place tin Mcif in ramre with tlieiii. I lay a stralirht rod c b on the ground, and iwlnt it 
to one of the objects »» ; tlien going Ut the end c, 1 (Iml that it does not point to the 
other object. ». By sueeessive trials, I iliid the position f d in which it points to both 
objeets. and conseauently is in lange with them. 
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Chains. Engineers have abandoned tbe Clutter’s chain of 66 ft, divided 
Into 100 links of 7.92 ins each. They now use a chain of 100 ft, with 100 links 
of 1 ft each, and calculate areas in sq ft, the number ot which, divided by 
43,560, reduces to aetes and decimals, instead of to acu's, rixids, and perches. 
Gunter’s chain is used on If. S. Government land surveys. 

Chains are commonly made of iron or steel wire. Each link is lient at each 
of its ends, to form an eye, by which it is connected with the ailjacent links, 
either directly, as in the Grumman nalent cliaiii, or, more commoniy, by from 
1 to 3 small wire links. The wcarof these links isafruitful souice of tnaccuiacy, 
inasmuch as even a very slight wear of each link considerably increases the 
leueth of the chain, lienee, chains should be comiiuKcd w ith some .standard, 
such as a target rod, every few days w'lule in use. For transporlal ion, the 
lengths are folded on each other, making a compact and shcaf-like bundle. 

Tape.s. With improved facilities for tbe manufacture of steel tape, theebain 
is going out of use. The tape, being much lighter, lequires much les.s pull, and, 
as there are no links to wear, iis length is much moie neaily consiant than that 
of th** chaiu. It is replacing, to smuo extent, the base-iueaNiinng rod for 
accurate geodetic work. Steel tapes are made in continuous lengths up to 500, 
600, and even 1000 ft, but those of 100 ft are the most commonly used. Very 
long tapes are liable to breakage in handling. Even UicsluMter lengths, unless 
handled carefully, are apt to kink and break. Breaks arc dilticult to mend, and 
the repaired joint is seldom satistactory ; whereas a kiuk in a wire cliaiu .seldom 
involves more than a temi>orary ciiunge of length. Being run over by a car or 
wagon will often kink steel tapes veiy badly, if it does not break I hem'.* How- 
ever, the lightness, neatness, and rel'ialnlity of the tape otlset these disadvan- 
tages, which, indeed, the surveyor soon iearus to overcome. 

Tapes for general held work are usually narrow (from 0.10 to 0 25 in) and 
thick (from 0.013 to 0.025 iu),t and arc graduated by means of small brass 
and copiier rivets, spaced, in general, 5 ft ajmit, 1 ft apart in the 10 ft at each 
end, aim 0.1 ft apart in the ft at each end. They are usually mounted on reels. 

Tapes for city work are wider (from 0.25 toO 5 in) and ihinner (troin 0.007 to 
0.010 in)t iit>d are graduated (usually to 0 01 ft) throughout their length by 
means of hues and numerals etched on tbe steel. 

PinN are ordinarily of wire, pointed at the lower end, and bent to a ring at 
the upper end. They can )ie forced into almost auy ground that is not exceed- 
ingly stony. A steel ring, like a large key ring, is often iiskI for carrying the 
pins. Each pin should have a slnpof hiighl red tl.innel tied to its top, in order 
that it may be readily found, among tbe giass, etc., by the lear chainiuan, 

C/OrrectiouH for Nai; and Strelrh. The. following duigiamj: (seep. 
283) gives the correctioi. .or a steel tape w-eighing 0.75 lb iier 100 ft.t 


♦The Nichols Engineering & Contracting Co., Chicago, guarantees that its 
tapes will not be injured by being run over by wagons. 

yThe sizes of tapes, as made by dillcient manufacturers, vary greatly. Tn 
applying the corrections, therefore, the width and thickness of the tape to lie 
used should be carefully measured, and Its weight per ft computed. 

t Deduced from diagrams constructed liy Mr. ,T. O. Clarke, FriK-eedings Engi- 
neers’ Club of Philadelphia, April, 1901, Vol. XV'^lii, No. 2. from the formula: 

Stretch, in feet 

KA 

where 

P = pull oil tape, in lbs. 

S = span of tajie, in feet. 

E — modulus of elasticity for steel - 27,500,000 lbs per sq in. 

A — area of cros.s-.section of tape weighing 0.^5 lb jier 100 ft. 

-= 0 0022 square ins, 

and from tbe equation of the parabola, according to wliich 

WS! 

shortening by sag, in feet = ^41^ 

where W weight of tape, in pounds per foot. 

Except for very light pulls, this last formula gives jiractically the same results 
as the equation of the catenary, which is absolutely correct, but much more 
cumbersome. 
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The diagram shows that a span of 100 ft of tape weighing 0 75 fl> per 100 ft, 
requ ires a pull <»t' 1 1 2 lbs to reduce the correction to zero ; a span of 50 ft, 7.3 lbs, 
etc. At these tension.s (which are called uonnal pulls), the opposite etfects of 
Bag and of stretch are equal. At higher tensions, the lengthening due to stretch 
exceeds the shortening due to sag, and vice versa. 

Tapes of other wei{t:hts require pulls proportional to their weights or 
to their areas of cross-section. Thus, a tape, of any length, weighing J lb 

per 100 ft, would require, for any given correction, a pull of a; = y = 

where y = the pull for the same correction on the standard tape, weighing 0.75 
lb per iOO ft. . . . 

( 'onverscly ; given a pull of 10 ibs on a 50 ft span of a tape weighing 0 6 lb per 
100 ft; required the correction. To produce the sauu’cii or iii the lajie weighing 

0.75 Ib per 100 ft would require a pull of y = 10 X 12-5 t^’S. Referring to 

the diagram at 12.5 lbs on the curve for a 50 ft span, w<* find correction =» — 0.16. 
This is the proper correction for either the heavier tape with 12.5 lbs or for the 
lighter tape witu 10 Itis jtull. 

C'orroctioiis for temperature. Tapes are usually graduatinl so as to 
be of standard length at 02^' Fahr. For onlinary steel tape, the correction for 
teniperature is alKuit 0.0000065 ft per ft per degree Falir. 

(Vtrrectioiis for temperature are uncertain, since the temperature of the tape 
cannot be deterruiiied with any accuracy. Measureineuts requiring great 
accuracy should therefore he made in cloudy weather, or at night, and the tape 
and the thermometer should be kept <iir the ground. , , i • 

When measuring over Mlopiii{sr ifround. in ordinary work, the chain or 
tape should lie held as nearly horizontal as possible, transferring the position oi 
the rai.sed end to the ground by means of a plumh line. Where the ground is 
stt*ep, It hecoinos uecessary to use a short length of tape, as the down-hill chain- 
man could not otherwise hold his end high enough; or the tape may M neld 
parallel with the slope, and the distance corrected by the following formulas: 

^ -= cos A ; 11 = S. cos A ; S =» = H. sec A f 

^ = tan A ; R = H. tan A ; 

^ «■ sin A ; R =» S. sin A. 
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LOCATION OF THE MERlUlAN. 

By means of circumpolar stars. 

Seen from a p<.>int o (FiRs. 1 and ‘2) on the earth, a circum|tohir.-)t:ii ■ 
(star near the pole P) appears to describe daily* and counterclockwise a 
small circle, e u w I, about the pole. The angle P 0 c, P O a, cK;., subtended 
by the radius IV, P a, etc., of this circle, or the apparent distance of the 
star from the pole, is called its polar Oislaticc. The ]>olar distances of 
stars vary slightly from year to year. See Tabic :i They var> slightly also 
durixq each year. In the case of Polaris this latter vahatuni amounts to 
about 50 seconds of arc. 

(2 1 The altitiKle of the pole is the angle N O Dof the pole’s clevHtion 
above the horizon N E S W, and is the latit ihIc of the point of obser- 




ration. Becitiiation -- angular distance north orsonlh (roiii tlie celestial 
equator. Thus, declination of pole -= 90". Declination of any star - 90"— its 
polar distance. 

( 5 ) Let Z e n he an arc of a vertical circlet i>assiiig through a circiiiiipolar 
star, and let H bo the point where this arc meets the horizon N K R \V. 
Then the angle N Z H at the zenith Z, or N 0 11 at the point 0 of observa- 
tion, between the plane N Z O <»f the meridian and the plane H Z O of the 
star's vertical circle (or the arc N ID, Is called the aziniiiUil of the star. 
If this angle N i> H be laid ofl'from H, on the ground, the line 0 N will tie 
in the plane of the inerDlinn N ZS, or will bo a north-niicl-Montli 
llno.tl 

( 4 ) When a star is on the meridian Z N of the observer, above or below 
the pole P, as at u or I, it is said to be at its upper or lower euliiiina> 
lion, res^ieetively. Its azimuth is then = 0, the line O II coinciding with 
the meridian line 0 N. 

(5) When the star has reached its greatest distance, cast ig west from the 
pole, as at e or w, it is said to he at its eastern or western elontra- 
tlon.g 


* In 23 h. ofi 1 m. 

t A great circle is that section of the surface of a sphere which i^ formed 
by a plane passing through the center of the sphere A vertii-al circle is a 
great circle passing tlirough the zenith Z. 

J Astronomers usually reckon azimuth from the south pidiit around 
through the west, north, and east points, to south again : Imt for our pur- 
pose it Is evidently much more convenient to reckon it from the north 
point, and either to the. east or to the west, as the ease may he. 

!l The noinl N.on the horizon, is called the north point, and must not 
be confounded with the north pole P. 
g As seen from the equator, a star, at either elongation, is, like the pole 
on the horizon; and the two lines Ve.Viv, joining 'twitli the rxile, 
form a single straight line perpendicular to the meridian, apd lying in the 
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(6) The hour ausple of any star, at any given moment, is the time 
which has elapsed since it was in upper culmination.* 

(7) Evidently the azimuth of a star is continually changing In cir- 
cumpolar stars it varies Iroiu 0° to inaximum (at elongation, and back to 

twice daily, as the star appears to revolve about the pole ; but when the 
star is near either elongation the change in azimuth takes place so slowly 
that, for some minutes, it is scarcely perceptible, the star appearing to 
travel vertically. 

(H) For any star, whose declination ( -= 90“ — its polar distance) exceeds 
tlie latitude of the point of obHer\ation, we have ; t 

Sine of azimuth of star | . sin e of pol ar distance of star 

at elongation / cosine of latitude of point of observation 
or >ee til) and Table 3. When lat > deci, sine az 1. Hence this foi- 
inula does not then apply. 

(9) The following circumpolar stars are of service in connection with 
obBervation.s for determining the meridian. See Fig. 3. 


(’oiistellation 

Letter 

Called 

Trsa minor (Little bear) 

tt (alpha) 

Polaris 

1 rsa major (<ireat bear) 

•' “ ( " “ ) 

* (epsilon) 

Alioth 

i (zeta) 

Mizar 

Cassiopeia 

a (delta) 

Delta J 



(19) Polarl«,orthe north wtar, is fortunately placed for tlu dclcnni 
nation of the meridian, its polar distonce being only about 1 °. See Tabi« 
3 Fig. 3 shows the circumpolar stars as they appear about midnight iu 
July: inverted, as in January; with the left side uppermost, as in April: 
and, with the right side uppermost, a.s in Octobcr.li 


horizon The aziiiiuih of the star is then - its polar distance. But in 
other latitudes I'c and Pw form acute angles with the meridian, as shown, 
and these angles decrease, and the azimuth of the star at elongation in- 
crea‘;i‘s. as the latitude increases. 

* In lat. 10^^ N., the hour angle, ZIV ZPn-, of Polaris, at elongation, is 
.. h Tm m. of solar time. I’aulloii. It will be noticed that, except for 
.in oli<»crver at the equator, the elongations do not occur at ‘*9'^ from tha 
meridian. 

1 In the spherical triangle Z P c, we have : 

sin e Z P _ sin P r 
sin Z c P ” sin P Z 


But, since Zc P -iM)o sinZrP 
eZP azimuth of c. 

lienee, sin azimuth of e 


- 1. Also, sin P Z - COB (90 PZ),and 

sin Pc si njmlar distance r O r 
sin P Z cos latitude 


t a Cnssioiieia is herecalleil Della, for brevity. 

I PolariH iH oaHlly foiiiKl by means of the two well-kiiow'n stari 
called the - pointers” in " the dipper,” Fig. 3, which forms the hinder 
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(11) Table 3 gives the mean polar dists of Polaris and their log 
sines for .Tan 1st in each second year from 1936 to 1966 incl, the log 
cosines of each fifth degree of lat from 25® to 50®, and the correspond- 
ing azimuths of Polaris at elongation. Intermediate values may be 
taken by interpolation. 

(12) By Observation of Polaris at Elongation. This method has 
the convenience, that at and near elongation the star appears to travel 
vert’y for some minutes, its azimuth, during that time, remaining 
practically constant; but during certain parts of the year (see Table 
1), the elongations of Polaris take place in daylight; so that this 
method cannot then bo used (See note p. 290). See (18), (19), (22). 
Nor can it be used at any time in places soilth of about 4® N lat, 
because there Polaris is not visible. 

(13) The approx times of elongation of Polaris for the first of each 
month in 1937 are given in Table 1, with instructions for finding the 
times for other dates. Or, watch Polaris in connection with any of 
those stars which are nearly in line with it and the pole, as Delta, 
Mizar, and Alioth. See Fig 3. The lime of elongation is approxi- 
mated, with sufficient closeness for the determination of the azimuth, 
by the cessation of apparent hor motion during the observation. 

(14) From 15 to 30 minutes before the time of elongation, have 
the transit, see (21), set up and carefully centered over a stake previ- 
ously driven and marked with a center point. The transit must be in 
adjustment, e.spec’y in regard to the second adjustment, p 294, or that 
of the hor axis, by which the line of collimatlon is made to describe a 
vert plane when the transit is leveled and the telescope is swung 
upward or downward. 

(16) Means must be provided for making the stake and cross-hairs 
of the transit visible. This may be done quite satisfactorily by holding 
a sheet of paper behind the stake, and then illuminating the paper 
by a light held either behind the paper or in front of it, but not so 
that the light is in the field of the instrument. In this w-ay, the stake 
and pencil point or knife-blade held on it, or the nail or tack in its top, 
and also the cross-hairs, are all seen in silhouet against the Illuminated 
paper. Care should be taken, however, not to use the w-rong cross-hair. 

(16) Bring the vert hair to coincide with Polaris, and, by means of 
the tangent screw, follow the star as it appears to move, to the n^ht 
if approaching eastern elongation, or vice versa, keeping the hair upon the 
star, as nearly as may be. As elongation Is approacht, the star will 
appear to move more and more slowly In azimuth. When it appears to 
travel vert’y along the hair, It has reacht elongation, and the vert 
plane of the transit la in the plane of the star’s vert circle at elonga- 
tion. Depress the telescope, and fix a point in the line of sight, prefer- 
ably 300' or more distant from the transit. Immediately reverse the 
tfanslt, (swinging It hor’y thru an arc of 180®), sight the star again, 
again depress, and, if the line of sight then coincides perfectly with the 
mark first set, both are In the plane of the star’s vert circle. If not, 
note where the line of sight does strike, and make a third mark mid- 
way betw the two. The line of sight, when directed to this third mark, 
is in the req’d plane, from which the azimuth, found as in (8), has yet 
to be laid off to the meridian, to the left from eastern elongation, and 
vice versa. 


portion of the “great bear” (Ursa major), a line drawn through these 
two stars passing near Polaris. As the stars in the handle of the dipper 
form the tail of the great bear, as shown on celestial maps, so Polaris 
and the stars near it form the tall of the little bear (Ursa minor.) 
Polaris is also nearly midway and in line between Delta and Mizar. 
Polaris forms, with three other and less brilliant stars, a quite symmet- 
rical cross, with Polaris at the end of the right arm. In Fig. 3 this cross 
is Inverted. Its height is about 6®, or=:the distance between the pointers. 
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(17) To avoid driving the distant stake and marking it during the 
night, a flxt target at any convenient point may be used, and the hor 
angle formed betw the line of sight to the star and that to the target 
merely noted, for use In ascertaining and laying off the azimuth of the 
target. 

(18) By observations of rolaris at Culmination. Fig 3. See parag 
9. The times of Polaris at culmination may be determined by the table 
below* in which aie given the number of minutes (and tenths) to the 
culmination of Polaris after its being in the same vert plane with Delta 
Cassiopeiae or Mizart. 



.Til 1 Fb 1 Mr 1 Ap 1 My 1 Jn 1 J1 1 Ag 1 

Ag 1 Sp 1 Oc 1 Nv 1 DC 1 Jn 1 

Lat 

40° 

1937 

1942 

Delta below pole; L C of Polaris; 

Time Interval In mins 

20.6 20.0 19.5 19.3 19.3 19.7 20.3 20.9 
23.3 22.7 22.2 22 0 22 0 22.4 23 0 23.6 

Mizar bel pole; U C of 
Polaris; 

Time interval in mins 

19.5 20.0 20.4 20.5 20.3 19.9 
22 2 22 7 23 1 23.2 23.0 22.6 

Lat 

30° 

1937 

1942 

Mizar above pole; L C of Polaris 

Time interval In mins 

19.7 19.1 18.6 18.3 18.4 18.8 19.3 20.0 
22.5 21.9 21 4 21.1 21 2 21.6 22 1 22.8 

Delta abv pole; U C of 
Polaris; 

Time Interval in mins 

20.4 20.9 21.3 21.4 21.2 20.8 
23.1 23.6 24 0 24 1 23.9 23.6 


In lat 50®, the time interval is 0.1 min greater than in lat 40®. 

in lat 15°, the time Interval is 0.1 minute less than in lat 30®. 

Tlie mean annual increase after 1942 is 33 secs, or 0.65 minute. 

(10) By obsert'ation of Polaris at any point in its path. Table 1 
gives the mean solar times of upper culmination of Polaris on the Ist 
of each month in 1937, and directions for ascertaining the times on 
other dales; and Table 2 gives the azimuths of Polaris corresponding 
to different values of its hour angle in civil or mean solar time, for 
illfferent latitudes from 30° to 50°, and for Jan 1, 1938 and 1948. For 
hour angles, latitudes and dates intermediate of those In the table, the 
azimuths may be taken by interpolation. See caution and formula, 
P 290. 

(20) The localt time of observation must be accurately known, and 
the time of the nearest upper culmination subtracted from It. The 
difference Is the hour angle to be used in Table 2; the resulting azimuth 
is to the west of north If the hour angle is positive, and to the east of 
north if negative. Find the time of the nearest upper culmination 
from Table 1. For the month.s where only low'er culminations are 
given, add or subtract 11 hours, 58 minutes. 

(21) ‘Where great accuracy is not req’d, Polaris may be observed by 

means of a plumb-line and sight. A brick, stone or other heavy object 
will answer perfectly as a plumb-bob. It should hang In a pail of 
water. A compass sight, or any other device with an accurate straight 
silt about wide may be used. The sight must always remain per- 
fectly vert, but must be adjustable hor’y fur a few feet east and west. 
The plumb-line and sight should be at least 15 feet apart, and so placed 
that the star and plumb-line can be seen together thiu the sight, thru- 
out the observation. The plumb-line must be Illuminated. It Is well 
to arrange these matters on an evening preceding that of the observa- 
tion. When the star reaches elongation, the sight must be fastened in 
fange with the pluml)-line and star. From the line so obtained, lay oft 
the azim uth ; to the west for east elongation, and vice versa. 

• Taken from p 767 of the American EphemerU and Nautical Alma- 
nac of 1937, by Interpolation. 

t Mizar may be recognlzeii by the small star Alcor close to It. 

t Local time agrees with standard time (p 267) on the standard 
meridians only. For other points add to standard time 4 minutes for 
each degree of longitude east of a standard meridian, and vice versa. 
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(22) By any star at equal altitudes. This method, applicable to 
south as well as to north lats, consists In observing a star when it is at 
any of two equal altitudes, E and W of the meridian, thus locating, on 
the horizon, two points of equal and opposite azimuth. The meridian 
is midway between them. 

(28) By equal shadows from the sun. Approximate. Hang a plum- 
bob, as from a tripod, in the cord of which a knot has been tied, over a 
convenient spot on a level surface, whore the sun will shine on it for 
several hours before and after noon. Or a card or metal plate with a 
hole in it may be suspended in place of the knot. The resulting shadow 
of the knot or image of the sun will trace a flat curve on the level 
surface. Prom the spot under the plum-bob, dfaw on the level surface 
one or more circles with a radius of a few feet. As the shadow of the 
knot or the Image of the sun travels over the surf, note where it Inter- 
sects the circle or circles. A point midway between the extreme inter- 
sections of each circle will be due north of the point under the plum- 
bob at the solstices (about June 21 and Dec 21). At the vernal equinox 
(Mar. 21) the line thus located will then be west, and at the autumnal 
equinox (Sep. 21) east, of the meridian, by less than 2^ minutes of 
arc. For intermediate dates the error is nearly proportional to the 
time elapst. 


Table 1 

Approx local times of elongation and culmination of Polaris in lat 40** 
N, long 90“ W from Greenwich, on first of each month 1937. 

‘ P. M. times (from noon until midnight) are printed in bold-face. 

Elongations. (E, eastern; W, western). 1987. 


Jan 1, W 

Feb. I, W 

Mar 1, W 

Apr 1, W 

May 1, B 

Jun 1, E 

12:66 a.m. 

10:60 p.m. 

8:59 p.m. 

6:67 p.m. 

5:08 a.m. 

3:06 a.m. 

Jul 1, E 

Aug 1, E 

Sep 1, E 

Oct 1. E 

Nov 1, W 

Dec 1, W 

1:09 a.m. 

11:04 p.m. 

9:02 p.m. 

7 :05 p.m. 

4:58 a.m. 

3:00 a.m. 


Culminations. (U, upper; L, lower). 1937. 


Jan 1, U 

Feb 1, L 

Mar 1, L 

Apr 1, L 

May 1, L 

Jun 1, L 

8:S6 p.m. 

4:56 a.m. 

3:05 a.m. 

1:03 a.m. 

11:01 p.m. 

9:00 p.m. 

Jul 1, L 

Aug 1, U 

Sep 1, U 

Oct 1, U 

Nov 1, U 

Dec 1, U 

7:02 pju. 

5:03 a.m. 

3:02 a.m. 

1:04 a.m. 

10:69 p.m. 

9:00 p.m. 


This table serves, with Table 3, for observations of Polaris at elonga- 
tion (parag 16) ; and with Table 2 for any point in its path (parag 19). 

In lat 26 W elongations occur later and E earlier by IVi mins. 

In lat 50 “, W elongations occur earlier and E later by 1 mins. 

In long 60“, elong’ns and culm’ns occur later by ^ minute. 

In long 120*, elong’ns and culm’ns occur earlier by minute. 

For other days of the month, deduct 3.94 mins for each succeeding 
day, or add 3.94 mins for each earlier day. 

Each Feb 29 makes each succeeding date occur one day later than it 
otherwise would, for which day 3.94 mins must be deducted. 

'Wherefore, for later years, add 1.6 min each year, and deduct 3.94 
min for each Feb 29, when it occurs. More exactly, for 1941, four yeans 
later, Including a Feb 29, the correction to add is 2.37 mins; for 1946, 
4.82 mins; for 1949, 7.37 mins, etc. The corrections to be added are as 
follows, to the nearest minute: — 

Year 1938 ’39 1940 1941 '42 ’43 1944 1945 ’46 ’47 

Jn-Fb Mr-Dc Jn-Fb Mr-Dc 

Mina 235124673568 

At culmination, where azimuth change is most rapid, a time error 
of 1 min In observing Polaris involves an azimuth error of 0.3' in lat 
25“ to 0.4' in lat 50". 
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At elonga’n, a time error of 20 10 B 1 mins, 

causes an azimuth error of 16 to 21 4 to 6 1 0.4 secs. 

In all latitudes, each lower culmination follows an upper culmination 
and precedes the next one by 11 hrs 58 mins, mean solar time. Each E 
elongation precedes, and each W elongation follows, the corresponding 
upper culmination by from 5 hrs 57 mins in lat 25° to 5 hrs 54 mins in 
lat 50°. 

Table 3. See parag (11), p 28C. 


POLAR DISTANCES, AND AZIMUTHS AT ELONGATION. 


■ 

Mean 

Polar 

Log sin 
polar 
dist. 

Azimuth at Elongation, in T.atitnde 

i 

Polaris 
Jan. 1 

25° 

30° 

35° 

40° 

45° 

60° 

1936 

1 2 28 

8.25937 

1 8 56 

0 # // 

1 12 8 

1 16 16 

1 21 83 

1 28 21 

0 # // 

1 37 12 

1938 

1 1 52 

8,2.5514 

1 8 16 

1 11 26 

1 15 32 

1 20 46 

1 27 30 

1 36 15 

1940 

1 1 16 

8.25088 

1 7 36 

1 10 44 

1 14 47 

1 19 58 

1 26 38 

1 35 19 

1942 

1 0 39 

8.24659 

1 6 56 

1 10 3 

1 14 3 

1 19 11 

1 25 47 

1 34 22 

1944 

1 0 3 

8.24226 

1 6 16 

1 9 21 

1 13 19 

1 18 24 

1 24 66 

1 33 26 

1946 

0 59 27 

8.23790 

1 5 36 

1 8 39 

1 12 3r. 

1 17 37 

1 24 5 

1 32 30 

1948 

0 68 51 

8.23350 

1 4 56 

1 7 58 

1 11 51 

1 16 50 

1 23 14 

1 31 34 

1950 

0 58 16 

8.22906 

1 4 17 

1 7 16 

1 11 7 

1 16 3 

1 22 23 

1 30 38 

1952 

0 57 40 

8.22459 

1 3 37 

1 6 35 

1 10 24 

1 15 16 

1 21 33 

1 29 43 

1954 

0 57 4 

8.22008 

1 2 58 

1 5 54 

1 9 40 

1 14 30 

1 20 42 

1 28 47 

1956 

0 56 28 

8.21654 

1 2 19 

1 5 13 

1 8 56 

1 13 43 

1 19 52 

1 27 52 

1 Log cos latitude. . . . 

9.95728 

9.93763 

9.91336 

9.88425 

9.84949 

9.80807 


Owing to variations in the place of Polaris during the year, the 
azimuths given In table 3 above may be In error by as much as half a 
minute in Lat 40°, and more for higher latitudes. 

Corrections;— The azimuths given in the table are correct for April 
and October For January, add 24" in Lat 2.5°, 30" m Lat 40°, and 36" 
In Lat 50°; for July, subtract the same amounts; obtaining the correc- 
tion for any Intervening month by interpolation. 

Having the north polar distance p of Polaris, and the latitude L of 
the point of observation, the azimuth ^ of I’olarls, corresponding to any 
Siderlal-time hour angle, //, may be found by the following formulas; — 

* * zr .u , z P ■ Sin // 

tan m ~ tan p, cos //, then tan A = ; * 

^ COB (L -f- m) 

Sidereal hour angles = 3G6/355 of the mean-time hour angles of 
Table 2. 

For greater accuracy, instead of Tables 2 or 3, use the above formu- 
las, taking the declination of Polaris (complement of its i)olar dis- 
tance) from the American Ephemerls and Nautical Almanac, which 
gives them to a fraction of a second for each day of the year. 

Caution. For greater assurance against error, where great accuracy 
Is desired. It Is well to use more than one metJuxl and compare the 
results. For example, observe Polaris both E and W of the meridian, 
and a star at equal altitudes south of the zenith. 

Note, — If Polaris be found during twilight, in the morning or eve- 
ning, observations of it may be made without artillcial illumination of 
the cross-hairs. For times of elongation, see Table 1. 

Conversion of Longitude Arc into Time, and vice versa. 

Arc Time Time Arc 

1° = 4 minutes 24 hours r= 360° 

1'= 4 seconds 1 hour — 15* 

I" — 0.066. . second lminute= 0° IB' 

1 second 0° 0' 15" 

For relation between time error and corresponding azimuth error, 
for Polaris, see "At culmination” and “At elongation,” p. 288. 































THE engineer’s TRANSIT. 


291 


THE ENGINEER’S TRANSIT. 



292 


THE ENGINEER'S TRANSIT. 


The details of the transit, like those of the level, are differently arranged by 
diff makers, and to suit paiiiciilar piir{H)ses. Williont the 1on|i; bubble* 
tube F F, Fig 1, under the telescope, and the K;ra(luale<l arc it is the 
plain transit. With these aptieudages, or rather with a graduated d/c/e in 
place of the arc, it becomes virtue^y a Complete Theodolite. 

B D H, Fig 2, is the tripod-head. The sorew-th reads at v receive the screw 
of a wooden tripod-head-cover when the instrument is out of use. S S A is the 
lower parallel plate. After the transit has been set very nearly over the 
center of a stake, the Hhiltin|f-plate. dd cc, enables us, by slightly loosening 
the levelling-screws K, to shift the upper parts horizontally a trifle, and 
thus bring the plumb-^b exactly over the center with less trouble than oy the 
older method of pushing one or two of the legs furthejr into the ground, or spread- 
ing them more or less. The screws, K, are then tightened, thereby pushing up- 
ward the upper parallel plate mmmxx, and with it the h^t-ball 6, thus 
pressing cc tightly up against Rie under side of S. The plumb-line passes 



through the vert hole in 6. Screw-caps, f,g, protect the levelling-screws fron 
du-st &c. The feet, t, of the screws, work in loose socket§,y, made flat at bottom 
to preserve S from being indented. 

To set the upper parts upon the parallel plates. Place the 
lower end of U U in / x, holding the instrument so that the three blocks on m rn 
(of which the one shown at F is movable) may enter the three corresponding 
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recesses in a, thus allowing a to bear fully on in, upon which the upper parts 
then rest. (The inner end of the spriug-cateh, /, in the ineaiitime enters a groove 
around IJ, just below «, and prevents the upper parts from falling oti; if the in- 
strument is now carried over the shoulder.) Revolve tl»e upper parts liorizuntally 
a trifle, in either direction, until they are stop]x?d by the striking of a small lug 
on a against one of the blocks F. The recesses in a are now clear of the blocks. 
Tiirhten o, thereby pushing inward the uu>vable block F, which clamps the 
bevelliHl nange a between it and the two fixi'd blocks on nt »/, and coniines the 
spindle U to the fixed parallel plates. It remains so elami)ed while the instrument 
IS being used. 

To remove the upper partft from the parallel platea. Loosen 
7 , bring the recesses in a opposite the idocks F. Hold back I, and lift the uiiper 
parts, which are then held together by the broiul head of the screw insertni tutc 
the foot of the spimile w. 

T T is the outer revolvinfr apindle. cast in one with the Niijpport- 
iiiff-plute Z Z, to vk Inch is fastened the (graduated limb O O. The Mini) 
extends lievond the eompivss-box, and thus adnut.s of larger graduations than 
would otherwLse be obtainable, te is the Inner revolving spindle. At 
its top It has a broad flange, to which is fastened the vernier plate P. To the 
latter arc fa^temsl the compass-box (\ the two bubble-tubes M M, the standards 
\' V. supi»ortnig the tclcscu|»e. A.(‘. Fuch bubble-lube is supported and adjusted 
by four capsian head nuts, two at each end 'I'hc bent strip, curving over th( 
lube, piotects the glass tiom aeeideiitul blows in swinging the telescope. 

i'ontroi of motions of {pradnatrd limb 0 0 and verniet 
plair I*— The langcnt-screw G and a spiral spring (not shown) opposite to it 
are fixed to the graduated limb OO, and hold between them a projection y from 
the loose collar /. which is thus confined to the limb and made to travel with It. 
The clump-M'iew il jiasses tlirough tiie collar t ami presse.s against the small hig 
-.iiown a’ Its inner end When H is tightened, this lug is pressed against the 
fixed spindle U r, to which the graduated limb is thus made fast. A .slow mo- 
tion niav, however, still be given to the limb by means ol the tangent-screw G 
The nioiion of the vernier plate Povei; the graduated limb O O i- similarly 
governed by the tungent-sciew h ami its .spiral spring (not shown), fixed to tlie 
vernier plate P, and tiie clamp-screw e, which passes tlirough the collar z, and 
jireascs against the small lug shown at its inner end. 

There are tw o verniers One is shown at ji. Fig 1. Both may be read, and 
their mean taken, when great accuracy is requireti. Ivory reflectors, c, facilitate 
tlieir reading. Ilefore the instrument is moved from one pliu‘e to another, the 
oompa**^-no«‘€lle,*, Fig2,should always lie pressed up against the glass cover 
tjf the corapa.ss-box by means of the upiiglit milled-head screw seen on the ver- 
nier-plate in Fig 1, just to the right of the nearest standard. The pivot-point is 
thus protected from injury. 

R, i’'ig 1, is a ring with a clamp (the latter not shown) fur holding the telescope 
HI any required position. It is iK*st to let the eye-end, E, of the tclescoi>e revolve 
flovrnwnrd, a.s otherwise the shade on ( ), if in use, may fall otf. _ The taugen^crew, 
d moves a vert arm attached to K, and is thus used for slightly changing the 
elevation of the telescope. In the arm is a slit like that seen in tlie vernier-arm 
/ By means of the screw D, the movable vernier-arm Y may be clamped at 
liny desired point on the vertical limb ;j When 0 ° of the vernier is placed at 
10 ° on the arc < 7 , and the index of the opposite arm U placed over a small notch 
on the lionzontal brace (not seen in our figs) of the stai^ards, the two silts wiL 
be opposite each other, and may be useti for laying oil offsets, Ac, at right-angles 

to the line of sight. wj u - 

One end, R, of the telescoiie axis rests in a movable box, under which is a screw 
l?v means of tlie screw, the box may be raised or lowere^ and the axis Uius ad' 
justed for very slight derangements of the standards. For E, B, O, ana A, see 
/.n<el, i> 306. a is a dust-guard for the object-slide. -nt 1 ‘ ^ ^ 

Sl.atlia llairts. Immedlatelv behind the cupstan-screw.p, Hg 1, is seen a 
Mualler one. This and a similar one on the opposite side of the telewope, work 
111 a ring inside tlie telescope, and hold the ring in position. Across the ring are 
stretched two additional horizontal hairs, called stadia hairs, placed at such a 
.liHtance apart, vertically, that they will subtend divisions of a graduated t^ 

placed too ft from the lustrumeut. 16 divisions at 160 ft, Ac. They are thus used toi 
measuring hor and sloping distances. .v . . 

The lone bnbble-lube, F F, Pig 1, enables ns to use the transit as a level 
♦Uhough it is not so well adanted as the Utter to this purpose- 

2 -*^ 
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To adjnst a plain Transit* 

When either a level or a tmiisit is ijurchased, it is a pood precaution ^hut one 
which the writer has never seen alluded to) to first screw tlie object-glass -lUily home 
to its place ; and then make n short continuous scratch upon the ring of the glass, and 
upon its slide; so as to bo able to see at any tiiuo when at work, that tho glass is 
always in the same position with regard to the slide, ftir if, after all the adjustments 
are completed, tho pusitiou of tho glass sliould hecomo changed, (as it is apt to be if 
iiuscrewed, and altorward not screweil uii to the saino precise spot,) the udjustments 
may thereby become materially deranginl; especially if tho object-glass is ecceiitiic, 
or not truly gioiirnl, winch is often the case Such scratches should be prepared bj' 
the maker. In making adjustments, as well as when using a transit or level, be 
careful that the (‘je-glass and obiett-glass are so driA\n ont that there shall be nu 
parallax. The eye-glass must fiist be drawn out so as to oblaiii perlect distinctness 
of tho cross-hairs : it must not bo distuibed altorward; but the object-glass must 
be moved for different distances. 

First, to aNcertnln that the babbie-tubes, M IW, are placed 
parallel to the vernier-plate, «w<Z /Au/ ^/le/vybre fc/iew W/< ore /» 
Vie cerVem of t/ifu tubes the nxis of the iiisl is veil Hy means nl the lout levelling- 
screws, K, itriiig both l>ubbli*s to the centers of their tubes in one position of th« 
Inst ; then turn the upper parts of the iiist halj'-mn/ round. If the imbbles do not 
remain in the center, correct half the error by means of t ie two capstan-nuts 
rr; and the other halt by the linelling-screws K. Repeat the trial until both 
bubbles remain in the center while the .nst is being turneil entuely arouud on 
its spindle. 

Second, to Hoe that the ««lnndardN have NiiflTcred no derail ppe- 
meiil: that is, that they are of cguul height and perpetidieular to the vernier- 
plate, as they always are when tiny leave the maker’.s liand'-. Level the mst 
perfectly ; then direct the intersection of the hnir-s to some jiuint of a liigh oliject 
(as the top of a steeple) near by; clamp the in.st by means ol screws H and e, 
and lower the telescope until tlie inlersi'Ction strikes some point of a low object. 
(If there is none sueli diive a stake or ehair.-pin, Ac, in the line.) Tlieii un- 
clamp either H or e, and turn the upper parts of the inst half-way round ; fix the 
intersection again upon the high point; clamp; lower the telescope to the low 
point. If the intersection still strikes the low point, the standards are in order. 
If not, correct ove-/«((f of the ditfereucc by means of the udjiisting-bloek and 
screw at the end, ,R, of the telescope axis, Fig. 1, and repeat the tiial Vr novo, 
resetting the stake or i hain-pin at each trial If the in^t Ims no adjusting bloek 
for the axis, it should be returned to the maker for eoiieetion ot 'any derange- 
ment of the standards. 

A transit may be used for running straight linejt, even it the standards become 
slightly bent, by the process described at the end of the fourth ailjiistmcnt. 

Third, to thnf tho croMM-hain* nro truly vorl and hor 
when the in»t is level. When the telescope inverh, the cross-hairs are 
nearer the eye-end tlian when it show.s objects eri'Ct. The maker takes care to place 
the cross-hairs at right-angles to each othe.r in their riiig.onliaphragiu ; and gene- 
rally he 80 places the ring in the teleseof>e, that when levelled, thev shall be vert 
and hor. fometimes, however, thi.-< is neglect<>(l ; or the ring nmy fiy accident l>e- 
come turned a little. To be certain tliatoiie liuii is vert, iin which ca.se the otlici 
must, by construction, lie hor,) alter having adjusted the bul»ble-tubes, level the im 
strument carefully, aud take sight with the telescope at a pluinb-liiie, or other vert 
straigiit edge. If the vert hair coincides with this oiijert, 
it is, sofar,ui adjustment ; tint it not, then loosen sliglilli 
only two ailjacent screws ol the four, pp i t. Fig 1 ; and 
with a kiiite, key, or otlier small instruinent, tap verj 
gently against the screw-heads, so us to turn the ring a 
little in the telescope; persevering until the hair be- 

(P .iiilrti irMltt ii. T comes truly vertical. ‘When this m done, tighten the 

^ 9 screws. In the absence of a plnmh-lliie, or vert stmigUI 

m|lr wise, sight tho cross-hair at a very small distinol 

^ ^ jKiint; and see If the hair still cuts that jHiint, when 

V the bdescope is raised or lowered by revolving it on 

FI„ 3. its axis 

The mode of performing the foregoing will he readily 
understood from this Fig, which represents a section across the top part of the tele' 
scope, and at the cross-hairs. The hair-ring, or diaphragm, a; vert hair, v; tele* 
scope tube, g ; ring outside of telescope tube, d; b is one of the four capstan-headed 
screws which hold the hair-ring, o, in its place, and also serve to adjust it. Tba 
lower ends of these screws work in the thickness of the hair-ring; so that whan 
they are loosened sfimewhat, they do not lose their hold on the ring. Small loot# 
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washers, c, are placed under the heads b of the screws. A space y y is left around 
each screw where it ))asses through the telescope tube, to allow the screws and ring 
together to be moved a little sideways when the screws ft are slightly loosened. 

Fourth, to nee that th« vertical hair is in the line of colll- 
ination. Plant the tripod firmly upon the ground, as at a Level the inst; 
clamp it ; and direct the vert hair by means of tangent-screw G ^figs 1 and 2) 
upon, some eouvcnient object ft . or if there is none such, drive a thin stake, or a 
chiun-]uu. Then revolving the tclescojic vert on its axis, 
observe sonic object, as r, where the \eit hair now strikes, ^ a 

or if there IS none, place a. second pin. IJnclanip the lustru- « - • / *0 

nient by the clamp-screw 11; and turn the whole upper • 

part of it around until the vert hair again strikes ft Piff, 4, 
t'himp again; and again revolve ihe telescope vert on its 
axis. If the \ert hiir now strikes c, .is it did before, it shows that r is really 
at o; and that ft, //, c, aie nt the smtu- itt/anjlit Imf , and therefore this adjustment 
is in order If not, observe where it does strike, say at mi, (thedist a m being 
taueii equal t'» n c,) and place a pm there also Measure m c; and place a pm 
at i\ in the line m /\ making mi v— one-fourth of m e. Also put a pin at o, half- 
way between in and c. or in range with n and ft. By means ol the two hor 
screws that move the ring carrying the cross-hairs, adjust the vert hair until it 
cuts V Now repeat the ei(/<ii< operation , ami persevere until the telescope, after 
Ixiing directed to ft, shall strike the same object o, bolh ivnuis, when revolved on 
its axis See w hot her the movement of the ring in this 4th adjustment has dis- 
turbed the vert icality ol the iiair. If it has, repeat the ltd adjusinient Then re- 
pe tt the 4th, il necesvsarv , and so on until both adjustments are found to be right 
at the same lime I'hus a straight line may he run, even if the hairs are out of 
adjustment ; hut with Mimewhat more trouble Kor at each station, as at «, two 
back-sights, and two fore-sigids, a c and » in, may tie taken, as when making the 
adinstmeiit, and tlic point o, half-wav between cand mi, will he in the straight line. 
Tlie inst may then tie moved to o, and the two back-sights he taken to a ; and so on. 

Aiiqles measund fiy the tran.sit, whether vert or hor, will evidently not be 
aflected by the bans lieing out of adjustment, provided either that the vert 
hair is truly veit, or that we use the int/rseclum of the hairs when measuring. 

The foreffoinKT are all the adjii«itmeitt!4 needed, unless the tran- 
sit is requireu for levelling, In which case the following one must be attended to: 


Fig. 


|i 




llV-— 


[a 


To adjust the Ions hnhblP-tlltie, F F Fig i, we first place the line 
of sight of the telescope hor, and then make the buhhle-tube hor, so that the 
two are parallel I'nve two peg.s, n and ft Fig d, with their tops at precisely 
the same b-vel (see Hem. |i. 29<i) and at least about m ft apart ; HbO or more 
IV ill be better I’lanl tie' inst firmly, in range with them, as at r, making ft c 
an aliquot part of n ft, and as short as will permit focusing on a rod at ft. The 
nist need not he leveled 'Suppose the line of sight to cut e and d. Take the 
readings ft i- and a d. Their niff is b e — ad — n n — n d~dn\ and n ft : n c : ; 
dn:ds) s being the height of the target at a when the readings (a s, b o) on the 

two stakes are equal, aa — ai/-}-rf.v = arf-F -■ If the reading on a 
freeads that on 6 (as when the Hue of sight is vf y) thediff of readings is — a 
bf^a q~a i^gi] a s g — g s^a to bring th« 

bubble to t ho cen of its tube by means of the two small nuts n ii at one end of the 
tube, Fig. 1, and assume that the telescope and tube are parallel* The zeros of 


♦ To correct for earth curvature ami for almosferic refraction (see p 153), make 
s h, ft, =i 0 00(10(10020 5 X (« c, ft)*, and set target at A. (When ac = 1,000 ft, 
s h = 0.0205 ft. ) 
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the vort oirrle, and of its vernier, may now be adjusted, if *^he.v require it, hy 
kKwening the vernier screws and tlien moving the vender until the two coin- 
cide. 

Rem. If no level is at hand for levelling the two i^egs n and b, it may lie done 
by the transit itself, thus. Carefully level the two short biibbli s, Ity means of the 
levelhng-Bcrews K. Drive a peg tw, trom 100 to 30(i feet from the instrument o. 
Then placing a target-rod on m, clamp the target tight at whatever height, as eii, 
the hor hair happens to cut it ; it being of no im- 
portance whuther the telescope is level or not; 
although it might as well be as nearly so as can 
conveniently be guessed at. (’lamp the telescojs* 
in its position by the, chimiMim: JR, Fig. I. He- 
volve the iiist a considerable way n»iind; saj 
nearly or rpiito half way. Place another peti v 
lUpreriHely the snme ili»t from the i istrument tliat m is; and continue to drive it un- 
til the lior hair cuts the target placed on it, and still kept clan»i)ed to the nsl, at tlie 
same height as w lien it was on wt. When this is done, the tops of tlie two pegs are 
on a level with each othei, and are ready to be used as l>efore directed. 

When a transit is intended to he uwhI for sui-veying farms, Ac. or for retiacing 
lines of old surveys, it i.s very useful to set the compass so as to allow tor the “va- 
riation" during the interval between the two surveys For this purpose a 

variation-vernier is added to such trunsiis; and also lo the comiiass 

When the graduations of a transit are figured, or numbered, so as to lead both 

10 0 10 

ways from zero, tlius, illlimli i iiliiiiliin Im iho vernier also is made 
double; that is, it also is graduated and numbered from it.s rero both ways. In 
ihihea.se, if the angle i.s mea.suied from rero toward the right hand, tlie reading 
iiiiist be made from the right hand half of the veiniei , and vice vensa. If the 
tiguiuig is .single, or only in one direction, Iroiii zeio to ilfilP, then only the single 
vernier iv necessary, as the angles are then measuied only in the direction thai 
the figuiing counts. ICngiiieers dilfer in their pi efereiice.s for various matiiieiv 
of figui lug the graduations. The writer prefei-s from zero each w ay to 180°, w ith 
two double verniers. 

To replace crofifi*liairf« In a level, or transit. Take out the tula- 
from the eye end of the telescope. L<H>kiiig in, notice which side of the cross- 
hair diaphragm IS turned toward the eye end. Then loosen the four screws which 
hold the diaphragm, so as to let the latter fall out of the telescojie Fasten on new 
hairs with beeswax, varnish, glue, or gum-arabic water, Ac, This requires car< . 
Then, to return the diaphragm lo its place, pii'ss firmly into one of the screw-hoh s 
oQthocircumf of the diaphnigm itself, the end of a jdece of stick, long enough to 
reach easily into the tolescojie as far as 'to where the diaphragm belongs By this 
stick, as a handle, insert the diaphragm edgewise to its place in the telescope and hold 
it there until two opposite screws are put in place and screwed. Then draw the stick 
out of the hole in the diaphiagm; and with it turn the diaphraum until the same 
side presents itself tow'ard the eye end as befon*; then )nit in the other two screws. 

The so-called cross hairs are actually hjdder-weh, so fine as to be barely visible to 
the naked eye 

To replace a Npirif-level. or bul»blo-irlaf«N. Detach the level from 
the instrument ; draw off its sliding ends; push out the broken glass vial, ami 
the cement which held it ; insert the new one, with the projiei side up (the iippei 
side is always marked with a file by the maker), wrapping some papetr aTOund 
its ends, if it liL^ loosely. Finally, put a little pully, oi melted beeswax over the 
ends of the vial, lo secure it against moving m it-^ tube, 

III purchasing inslrunieuts, Wfiecially when they are to be used far from a 
maker, it is advisable to provide extras of such parts as may be easily broken oi 
lost; such a.s gla-ss eom pass-covers, and needles; adjusting plus; level vials; 
magnifiers, Ac. 

Theodolite adjustments an performe^l like those of the level and transit 

Dt. Tliat of the eross-hairs ; the same as in the level. 

2d. The long hiibhle-tulie of the telvscope ; also as iii the level. 

3d. The two short bubble-tubes ; as in the transit. 

4th. Tlie vernier of the ven limb • as in the transit with a vert circle. 

6lh. To see that the vert hair travels verticjilly ; a.siii the fourth Hiljusinaent 
of the transit In m^ine theodolites, no adjustment is provided for this; but in 
large ones it is provided for by screws under the f«*et of the staudaids. 

Sometimes a second teleseo^ is added ; it is placed below the hor limb, and is 
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brIIwI a waiUn-r. It has its own clami), and tangent-screw. Its use Is to ascertain 
whether tlie zero of Uiat limb has mo\e<l during the measurement of hor angles, 
When, pieviously to bnninning the measurement, the zero and upper telescope are 
directed toward the lii*8t object, point the lower telescojie to any small distant 
object, and then chimp it. During the subse((uent ineasuiement, look through it, 
trom time to time, to be sure that it still strikes that object ; thus proving that QO 
slipping has wcurred. 


THE BOX OR POCKET SEXTANT. 


The portability of the pocket sextant, and the fact that it reads to single minutes, 
eiider it at times very useful to the engineei bv it, angles can he measured while 
m a boat, or on liorseb.u k; and in many siinations which preclude the use of a 
transit. It is usetiil for obtaining latitudes, by aid of an artificial horizon. When 
eloHi'd, It resemhlea a cylimJrical lu-ass hox, about » inches in diameter, and 
Inches deep. Tins box is in two parts* 
by unscrewing which, then inverting 
tme part, and then screwing them to- 
gether again, tlie lower part Imconies a 
handle lor holding the instmment. 
hooking down upon its top when thus 
SI ranged, we see, as in tins figure, a 
movable arm J ('.called the 
which luiiis on a ceulei at C, and car- 
ries till! vci laer V at ilsolher end. (i 
ti IS the giadiiatcd arc or limb. It 
rictually snbb'iids ahout, 73°, hut is di- 
vided into alKiut 146° Its zero is at 
one end. Its gi aduations are not shown 
III the Fig 

Attached to the index is a small mov- 
alile lens, (not show'll in the figure,! 
likewise revolving around 0, for read- 
ing the fine divisions of the limb. When 
measuring an angle, the index is ineved 
i>v turning the miUed-head D of a 
pillion, winch w'oiks in a rack placed within the Ttox. The eye is applied to acir* 
cniar hole at the side of the hox, near A. A small telescope, about 3 iiichos long, 
accompanies the Instrument; but ma.v genenillv he dispensed with When so, the 
eje-hole at A Hhould he partially closed by a slide winch has a very small eye-hole 
m it; and whieli is moved by the pin A, moving in the curved slot. Another slide, 
Ht the side of the hox, carries a dark glass for covering the e>e-holo when observing 
the sun. When the telescope is used, it is fastened on by the niilliMl-head screw T. 
Tile top part shown in our figure, can lie separated from the cylindrical part, by 
removing 3 nr 4 smiiH screws around its edge; and the interior can tlien be exam- 
ined, and cleaned il necessary. Like nautical, and other sextants, this one has 
two principal glasie.s, both of them mirrors. One, the i'^ attached 

lo tlie uiuicrMile of the index, at (’; Us upper edge being indicated by the 
<wo doiicd liih'^ Die oiIkt, ibe horisuii-icliuis, (because, when meus* 
uniig the vert angles of celestial bodies, it is directed toward the horizon,) is also 
within tlie box; the position ol its upper etlge being shown by the dotted lines at 
il. The liorizoii-gliws is silvered only h.ilf-way dow n ; so tiiat one of the observed 
oh)( i tH may bo seen directly tbrougb it.s lower half, while the image of tlie other 
ohject is seen ill tlie Upper half, reflected from the iiide,\-gla8a. That the instrument 
may bo in adjiislimMit, ready tor use, tbe.so two glasses must be at right angles to th« 
plum' of tlie irisliiiment, that is, to the under side of the top of the Ihix, to wluch thej 
'ireattaclied ; and niiist also ho parallel to each other, when the zeros of the vorniol 
mid of tlie limli coincide. The index-glass is already permanently fixed by tbs 
maker, and reipiires no otber ail.iustnient. Hut the horizon-glass has two adjust- 
ments, whieli are made liy a key like lliat of a watch, and having a milled-head K, 
It IS screwed into the top ol the box, so as to be always at liana for use. When 
needed. It is unscrewed. This key fits upon two small square-heads, (like that fot 
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winding a watch ;) one of which is shown at S; while the other is near it, hut on the 
BIDE of tile box. These smiait's are tlio heads of two snmll screws. If tlie 
horizon glass U should, a*' in tliis skctcli, (wliere it is shown endwise,) not be at 
right angles to the top 1] 4J of the box, it is brought right by turning the stiuare- 
bead S of the screw S T; and if, after being so far rectified, it still is mil iiarallel to 
the ]iide\-gbi>>H when the zeros coincide, it is nio\ed 
j- a litilc liackward or forward liy the sijuare head 

U ' 1 fU |W; U at the side. 

i I ^ r~^ To adjust a box sextant., bring the two 

^ r. _ zeros to coincide pretisely ; then look thioiigli the 

I eye-hole, and the lower oi iinsilxeied part ot the 

U jj "T horizon-glass, at sonid distant olijei't. Jftheinstrn- 

' nieiit IS in adjust ineiit, the ohjei t thus seen directly, 

ff| M will coincide piecisely with its reflected image, 

Ij ” Been at the same time, at tlie same spot. Hut it it 

^ is not in adjustment, the two will appear sejiaiated 

either hor or leit, or both, thus, # in which case 
apply the key K to the nqiiare-head S; and by turning it slightly in whn he\er direc- 
tion may bo necessary, itil/ ut thu ohjed ami ?/,s tmagi\ bung the two into a hor 

position, or on a level with each other, thus, * *. Then apply the key to the square- 
head m the Bide of ttie box; and by tnining it slightly, bring the two to coincide 
perfectly The instrument is then adjusted. 

In some instruments, the hor glass has a hinge at v, to allow it play while being 
adjusted by the single screw ST; hut otheis dispense with tins hinge, and use twc 
Bcrews like S on top of the box, in addition to the one in the side. 

11 a sextant is used foi lucasuriiig vert angles by means of an arlillcial 
horixoii. the actual altitude will t>e but oue-h^f ol tliat lead oft on the 
limb; because we then read at once Isilh tlie actual and the reliecleii angle. The 
great objection to the sextant lor engineeiing puiposes, is that it does not measure 
(juglee horizontally, as the transit doeii; unless when the ohservei, and the two ul>- 
^ jerts happen to be in the Mime hor plane, 
w Thus an observer witli a sextHiif at A, if 
measuring the angle siiiitended by the 
iiionntHiii-peaks H and C, must hold the 
grmliiHted plane of the sextant in the 
plane ul ABC; and must aetually uieas- 
ure the angle BAC; whereas wliat he 
wants 18 the hor angle n A ni. This is 
greater than B A C, beeiiiise the dislB An 
and A IN me Blioitei than A B and A C. 
The transit gives tin' hor angle n A m, lie- 
canse Its graduated plane is first fixed hor by the levelling-si lews. and the subse- 
quent measurement of the angle is not affected by Ins directing iin-rely the line of 
sight upward, to any extent, in oriler to fix it upon B and 0. k'ot mi>ie on tins sub- 
ject; and fora method of partially obviating this objection to the hextiiiit, sec the 
note to ifixaraple 2, Case 4, of “ Trigonouietiy.” 

Th® nautical sextant, used on shiiis, is constnirlcd on tlie same jirinriple 
as the box sextant; and its adjustments are very siniilar. In it, also, the mdex- 
glass is permanently fixed by tlie maker: ami the borizoii-glass has the two adjust- 
ments of the box sextant. It also has its dark glassch lor looking at the sun; and 
a small sight-hole, to be used when the telesiope is dispensed witli. 


THE COMPASS. 


To adJiiHt a CompaMN, 

TllC flrat adjustment is that of the bulildes. Plant firmly ; and level the 
Instrument, iti any position ; that is, bring the hubhlcB to the centers ol tlioir tubes. 
Tlien turn tlie in^trnmerit haif-way round Jf the hnlibles tlien remain at the cen- 
ters, they are in adjustment; but if not, correct me-half the difl in each bubble, 
by moans of tlie adjusting-screws of the tubes. Level the instnimeBt again; turn 
It half round; and if the biihhles still do not remain at the center, the afijustiDg- 
screws must be again moved a little, so as to rectify half the remuiniug diff, Genon 
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ally Hovenil trials must be thus made, until the bubbles will remain at the center 
while the conipsiss is being turned entirely around. 

(Second adjuNtmeut. Level the compass, and then see that the needle Is 
hor; and if not, nirike it so by means of the small piece of wire winch is wrapped 
around it ; sliding the wire toward the high end. A needle thus horizontally ad- 
justed at one place, will not reiiiain so il removed tar north or south from that place. 
If carried to the north, the north eml will dip down ; and if to the south, the south 
end will do so. The sliding wue is intended to counteract tins. 

ThirtI adjli$4tllient* This is always fixed right at first by the maker; that 
is, the sights, or slits tor sighting through, are placed at right angles to the compass 
plate ; HD thal when the latter is levelled hy the bubbles, the sights 
are vert To ti'st whether they are so, hang up a pluinbdiiie ; and 
having levelled the compash, lake sight at the line, and see if the 
silts coiricnb' with it. If one or hotli slits sltonld prove to he 
out ol idinuli, as sliown to an exaggerated exteut m this sketch, 
it should be uiiM re wed from the, cotiipas<,, and a portion of its loot 
Dll tlie high sole Ix' hied or ground otf, ns jier the dotted line; or 
as a teiiii>(U.iry expedient, a small wedge may be placed under the 
low Hide, so iih to raise it. 

Fourth a(lf lIMtment, to straighten the needle, if it should hetomo bent 
The compass heiiig levelleil, and the needle hor, and loo.si* on its pivot, see whetliel 
its two ciels continue to point to exactly opposite gradiiatious, (that is, gradiiaiions 
H]iart ,) while the compass is turned completely around. It it does, the needle 
IS straight ; and its pin is in the center of the graduated circle ; but if it does not 
then one or both of these require adjusting. First level the coinjiass. Then turn it 
until some giHiliiation (say '♦(»'->) comes prei isely to the north end ot the needle. If 
the south end does not then point preciM-ly to the opposite division, lilt off the 
needle, and bend the pii'ut-pouit until it does, reiiuoiibeiing that every tune said 
point 18 bent, the loinpass must be tuiiied a balI^breadtb so as to keep the norf/i end 
ot tlie needle at its UO'’ tuaik. Then turn the compass halt-way round, or until the 
opposite yu° mark conies prwisely to the uoilh end of the needle. Make a fine pen- 
111 mark where \\v' south end ot the needle ni'W jaunts. Then take ofl the needle, 
and bend it until its south end jHiints halj’-n'oti between its 9L)° mark and the pencil 
in.ii'k, while its noi th end is kejit at 90° by moving the compass round ahairsbreadtli. 
'J'lio needle will then be straight, and must not be altered in making the following 
adjustment, although it will not .vet cut opposite degrees. 

Fifth a<l ju'4tmciit, of the pivot-pin. After hoing certain that the needle is 
Htiaight, turn' the compass around until a part is ain\ed at where the two ends of the 
needle Imiijien to cut opposite degrees Tlien turn the compass quarter itiny around, 
Ol through 0U\ It thf needle then cuts opposite degrees, the pi\ot-point is already 
111 .idjuslment , but il tlio needle does not so cut, Itend the pivot-poiut until it does, 
liepcat, 1 1 necesMiiy, until the needle (Utsojiposite degiees wbilels'iiig turned entirely 
iuoiiikI 

Care and nicety of observation are necessary in making these adjustments properly ; 
liecaiisi* the entire error to lie rectified is, in itself,a minute qnantitv ; ami tlie novice 
is \ery apt to increase his tiouble by not knowing how to use his iiiH^nilier, 
when looking at the endol the needle and the cox re.spondiiig graduations. The mag- 
nifier must always be bold with renter dtrectlif over the point to i»e examined; anil 
It must lie held parallel to the graduati-d circle. Othei’W'ise annoying errors of 
M’Vfral luiiiuti-s will be made iii a single oliserv.ition ; and tho accumulation of twm 
Ol ihiee Mich errors, aii-ing from a cause unknown to liim, may comptd him to 
uliiuidoii the adjiistiiieiilH in despair This suggcstiou applies also to the reading of 
-Uigle.s taken hy the tiansit, &c; although tlie erroi'i are not then likely to be so 
great as in tin* lase id tlie compa-ss. In purchasing .i magnifier tor a compass, see 
that no part of it. as hinges, or rivets, are made of iron; for such would change the 
direction ot the needle. 

If the sight-slits of a compass are not fixed hy the maker in line with the twa 
opposite z<>ros, the oiigiiieer cannot remedy the defect. This can bo ascertained by 
pasMiig a Jiiece of fine thread through the slits, and observing whether it stAuds 
l>reciHely over the zeros. 
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CONTOUR LINES. 


Electricity, either atmospheric, or excited by rubbing the glass cover of 
the compass box, sometimes gives trouble. It may be removed bj touching the 
glass with the moist tongue or huger. 

DEMAONKTIKATION. 

The needle, if of soft metal, sometimes loses part of its magnetism, iiiul conse- 
quently does not work well. It may be restored by simply drawing the north 
pole of a common magnet (either straight or horseshoe) alxiut a dozen tunes, from 
the center to the end of the south half of the needle; and the soutli pole, in the 
same way, along the north half, pres-sirig the magnetgentl> upon the needle. After 
each stroke, nmiove the magnet several inches from the needle, nhili* bringing it 
back to the center for making another stroke. Each half of the needle in tuiii, 
while being thus operated on, should be held flat upon a smooth hard surface. 
Sluggish action of the needle is, however, moie generally |»roiliieed by the dulling 
or other injurj of the point of the pivot Hemagnetizing will throw the needle 
out of balance, which must bi' counteracted by th<‘ .slKliiig wire 
In order to prevent miHtafceH by readiiii^ sometimes from one 
end, and sometimes from the other end of the needle, it i.s best tilwnya to point 
the N of the compass-box toward the object whose bearing is to be taken; 
and to read off from the north eud^of the needle. This is also moie accurate. 


CONTOUR LINES. 


A CONTOUR UNE is a curv'od hor one, every point in v\ Inch represents the same 
level; thus each of the contour lines HHc, 01c, 04c, Au-, Fig l, imlicates that, every 
point in the ground through which it is traced is at thi* same level, and thit 
that level or height Is everywhere S8, 01, or 94 ft above a certain other level or 
height called dcUum; to which all others are referred. 

Frequently the level of the starting point of a survey is taken as being 0, or 
iero, or datum; and if we are sure of meeting with no points lower than it, this 
answers every purpose. But if there is a probability of many lower points, it is 
better to assume the starting point to Ih* so far above a certain supiiosed datum, 
that none of these lower points shall become numis quantities, or below said bu|)- 
posed datum or zero. The only object in tfus is to avoid the liability to error 
vrhich arises when some of the levels are -f, or plus; and some — , or minus. 
Hence we may assume the level of the starting point to be 10, 100, 1000, &c, ft 
above datum, according to circumstances. 

The vert dista between each two contour lines are supposed to be equal; and 
in railroad surveys through well-known districts, where the engineer knows that 
his actual line of survey will not require to Ixi much changed, the dist may be 1 
or 2 ft only; and the lines need not be laid down for widths greater than 100 or 
200 ft on each side of hi.s center-stakes. But in ri'gions of which the topography 
is comparatively unknown; and where consequently unt'xpr^cted obstacles may 
occur which require the line to be materially changed for a considerable dist 
back, the observations should extend to greater widths; and for expedition the 
vertical dists apart may be increased to 3, f>, or even 10 ft, depending on the 
character of the country, Ac. Also, when a survey is made for a topographical 
map of a State, or of a county, vert dists of .'i or 10 ft will generally suffice. 

Let the line A B, Fig 1, starting from 0, represent three stations (S 1, S 2, 8 3,) 
of the center line of a railroad survey; and let the numbers 100, 103, 101, 104, 
along that line denote the heights at the stakes above datum, as determined by 
levi^ng. Then the use.of the contour lines is to show in the office what would 
he the effect of changing the surveyed center line A B, by moving any part of it 
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^^"f * should be moved 100 ft 



will plaiuly Iw on lower ground. 

The held (.hserv.x oiis for contour lineR are Bom-dimes m.-ide with the spirit-level; 

Instrununt, or clmonieter. \t wicli station ho lays his lod upon the ground as 



Fip. 1. 


uearly at right .iiigK-s to llic oeiiler line A B a« he can judge hy eje; and placing 
die slope lustruniiMit upon il, he takes llie angle id the hlope ot the ground to the 
nearest ot a di-gree. lie also idiseives how hu bevnd the rod tlie slope coutiniiee 
till' same ; and with iho rod he uieasiiies the dist Then lajiiig down the rod at that 
ixnnt also, he takes the next slope, and measures its length ; and so on ns far as may 
Is' lodged necessary, llis notes aro entenHl in his held hook as shown in Fig 2; the 
‘ iiglow of the slopes la'ing written ahovo the lines, and their lengths below; and 
"hould be accompanied hy such remarks as the locality suggests; such as woods 
riH'ks, marsh, amd, field, gaideii, across small run, &c, &c. 


s ta thua aaing the words right und Ich we are auppietod to here onr basks tamed to the aUrtiag 

fxdat of the survey. In a river, the riffht tmnh or shore is that which 
IS on the right hand as wo ileweeiial It, that is, in speaking of its right or 
tauk. we are .minoeed to have our books turnea towards its heao, or origioi ana *0 with a aorr^ 

12 
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84- 70 


It 1 b not absolutely necessary to represent tli<' slopes roughly in the fleld-hook, as 
in Fig for by using the sign + to signify “up;” — “down;” and = “level,” 
the slopes may be writ- 
ten in a straight line, '\//' 

as in Fig 23,4 " 

The notes liin ing been 
taken, the jireparation 
of the contour lines by 
means of them, is ol 
course office-work; and 
is usually done at the 
same time as the draw- 
ing of the inap, Air. The 
field obsei vatious at each 
station are then sepa- 
rately drawn by protrac- 
tor a,nd scale as shown 
in Fig 3 for thn starting 
point 0. Tlie Stull! should not bo less than about y j inch to a ft, if anything like 
accuracy is aimed at. Suppose that at said station the slopes to the rigid, taken in 
their order, are, as in Fig 2, 4°. and and thoM* to the left, 2lF, 10^, and 1(1° ; 

and their lengths as in the same Fig. Draw a bor line /< o, Fig ;'> ; and consider the 
center of it to be the station-stake. From this point as a centei , lay off these angles 
with a protractor, os shown on the aics in Fig it. Tlien beginning say on the right 
hand, with a parallel ruler diaw the first dist ti c, at its piojier slope of 10°; and of 
its proper length, 45 ft, by scale. Then the same w ith c y and y t. l»o the same with 
those on the lett liaud. We tliun have a of the giouud at Fta 0 Then 

on the map, a.s in Fig 1, draw a line a^ m n, or h mj, at right angles to the line of road, 
and passing through th 3 station-stake. On this line lay down the hi>r ilists « t/, d .s, s r, 
« Cl '■.7 , 9 marking them with a small star, as is done and lettered in l-ig 1, at Sta 0. 

hen extreme accuiacy is pretended to, these hor dists must be toiiiid by measure 
on Fig 3; but as a gencial rule it will be neai enough, when the slopes do not ex- 
ceed 10°, to assume them to he the same as the sloping dists nieasuied in the field. 
Next ascertain how high each of the jioints cyllni is above datum Thus, nioasuio 
by scale the voit ilist dc Suppose it is found to be .5 ft ; or in otlier w'onls, that c 
is 6 ft hahw station-stake 0. Then since the level at stake 0 is lon ft above datum, 
that at c must bo 5 ft legs, or 100 — 5 = 05 ft above datum ; winch may he marked in 
light leail-pencil figures on the map, us at rf, Fig 1. Next for tlie point y, supixisu 
we find sy to be 11 ft, or y to be 11 ft below stake 0; then its height above datum 
must bo 100 — 11 = «9; which also wuite in pencil, as at s iMoceed in tho same 
way with i. Next going to the left hand of the station-stake, w'e hnd el to be say 
2ft; but I is above the le\el of the statiou-stake, therefore its height above datum is 



100 -I- 2 = 102 ft, as figured at e on the map. Let n g be 5 tt; (hen is n, 100 f 6 
105 ft above datum, as marked at g ; and so on at each station. \\ hen this has been 
done at several stations, wo may draw in tho contour lines of that portion by hand 
thus; Suppose they are to represent vert hoigiits of 8 tt. Beginning at Station U 
(of which the height alxive datum is 100 ft) to lay dowm a contour lino 103 ft above 
datum, we see at once that the height ol 103 ft must be at /, or at ]A the dist from t 
top. Make a light load-pencil dot at t; and then go to the next Station 1. Here 
we see that the height of 103 ft coincides with the station-stake itself; place a dot 
there, and go to Sta 2. The level at this stake is 101 ; therefore the contour for 10? 
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ft must evidently be 2 ft higher, or at i, % of the dist trom Sta 2 to +104 ; theretdra 
make a dot at t. Then go to 8ta 3. Here the level being 104 above datum, the con* 
tour of 103 muHt bo at y, or ^ of the diet from Sta 3 to +90; put a dot at y. Finely 
iraw by baud a curving line through t, SI, t, and y; and tin* contour lino of 103 ft 
ia done. All the others are prepared in the same Avay, oiio by one. The level of each 
must be figured upon it at short intervals along the map, ns at 103c, 106c, &c. 

Or, lustoiifl ot first placing the + points on the map, to denote the slope dists actu- 
allv measured upon tlio ground, we niayat once, and with less troubb', find and show 
tlniso only wbieli represent the points f, S 1, i, y, &c, of tin* contours themselves. 
Thus, say that at any given station-stake, Fig 4, the level is 104; that the cross-sec- 
tion c s of the ground lias been piepared as before ; and that wo w'aut the hor clists 
U om the stake, to contour hues ior 94, 97, 100 It, Ac, 3 It apart vert. 



Praw a vert line r /, through the station-stake, and on it by scak mark levels 
•f ‘M, 97. 100, Ac. ft. This is readily done, inuMUUch as we have the U vtl 104 of 
tlie slake ahead V L^tveti Phrougb these levels draw the hor lines ff, o, m, n, 
to the giound-blljpes. Then these line-s, measured by the scale, plainly give the 

^’^Wlien the^grouiid i.s very irregular transversely, the 
laketi in tlie field nearer together than 100 ft. ' he 

will be gieatlv facilitated by the use of paper ruled intosmall squares of not less 
tluio about inch to a .side, for drawing the .nan to 

When the ground is very steep, it i.s usual to 
I enresent hill-side. The closer together the contours come, the steeper ol coi^se 
IS the ground lad ween thetn ; and the shading .slioubi be 

at such portions. But for ivorkiny map.s it ts best to vertical 

in surveys of wide districts, the transit instrument wi h “ 

/ircle or arc, g, p 291, is used for measuring the angles of slope, in.tead ol 

the eoinmoii slope-instrument. . T^„r«o«iP of contour 

III many cases, notes similar to the following will serve the purpose ol contour 

hues on railroad surveys. 

StafiO -3 IK 

fit + 2.2R. 3 ^* 

62 = 1.R, -»-4.2L. 

63 .. .< 

W hlch means f hat at station 60, the slope of the *** n tU^terT.VhoJfi I 

eye. or hy his hand-level s about 3 ft ^ Kt- Tni I ft down in 3 chains to the left, 

upward in 1 chain. At 61 , 2 ft up. in 2 oh’'*"" f V left. At 61, the same as at 

v\t 62, level for 1 chain to the richi. and -eotlon like Fia 2: only, instead of the 

62. At sune spots It will bowel « ‘ a hanilevel. By this 

anRles us« ft of rise or fall, h- -^methat In efl^or but these small errors will balanoe 

i;;:'S'r.7.si.r.L".u"ia i. »■>» ■*“ 

rately for payment. 
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THE LEVEL 


AiTRoraH the levels of different makers vary somewhat in their details, still theii 
principal parts ^v ill be iiiulerstuoJ ii oui tin* lollowiii }5 figure. The telescope T T 
rests upon two sujiports YY, calltMl Vs. eat ol which it can ho lifted, first reinoviiig 
the pins s s which confine the semicircular dins e e, and then opening the clips. 
The pins should Ik? tied to the Ys, by pieces or string, to jirevent their beinp lost 
The s/id^ of the object-gfass (>,is moved backward or lorward by a rack and pinion, 
by means of the milled head A. The slide of the eye-gkm E, is moved in the saina 
Way by the nulled head e. A cylindrical tube ot brass, called a tshadc, is usually 
furnished with each level. It is’ intended to be slid on to tlie ohject-end 0 of the 
telescope, to prevent the glare of tlie sun upon the olccct-glass, when tin* sun is 
low. At B is an outer ring encircling the telescope, and l arrynig 1 small capstan- 
headed screws; two of which, pp, are at top and bottom; while the othi'r two, 
of which i is one, are at the sides, and at right angles tup p. Inside of this outer 
ring is another, inside of the telescope, and which has stretched across it two 
spider-webs, usually called the cikiss-iiaiks. These are umeh finer than tliey ap- 
I^ar to be, lieing considerably magnified. Tliey are at right angles to each oilier; 
find, in levelling, one is kept vert, and the other hur. They are liable at times to lie 



thrown out of this position by a partial revolution of tho tolesoopo, when carrying 
the level, or when setting the tripod down snddenlv upon tlie gruuiid; but since, in 
levelling, the tnUrsectim of the hairs is duet ted tj tho target-rod, this derangement 
does not affect the accuracy of tho wurk Still it is well to koop tfiom nearly vert 
and hor, by keeping the BUBULE-TUBt 1> D tw nearly directly over tlie bar V F as can 
be judged by eye. This euahlcs the leveller to see that the rod-man holds his i-od 
nearly vert, which is absolutely essential for correct levelling. It perfect verticality 
w desired, as is sometimes the case, wimii staking out work, it may be obtained (?/ 
tho instrument ix in perfect adjustment^ and lerdled) by sighting at a plumb-line, or 
other vert object, and then turning the telescope a little in its Ys.so as to bring tho 
hair to correspond. V\ hen this is done, a short continuous scratch may be made on 
flie telescope and Y, to save that troablein future. 

Thesmall holes around the heatboi the-* siualt v-upvtan-screwsp, i,just referred Uv 
are for admitting the end of a small steel pin. or lever, for turning them. If first 
the upper screw p be loosened and then the lower one tightened, the interior ring 
will be lowered, and the horizontal hair with it. But on looking through tho tete> 
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scope tliey will appear to be raised. If first the lower one be loosened, and the upper 
one tightened, the hor hair will l)e iictnally raised, but apparently lowered. This is 
becanse the glasses in the eye-piece E reverse the apparent position of objects tnn'de 
cf the telescope; which effect is obviated, as rtjgards exterior objects, by means of 
the obJect-gliVHS 0. This must be remembered when ad.juBting the cross-hairs ; for if a 
hair appears to strike too high, it must be raised still higher; if it uppears to be 
already too far to the right or ]t‘ft, it must be actually moved still more in the same 
iiiection. 

This remark, however, does nut apply to telescopes which make objects appear 
Inverted. 

There is no danger of injuring the hairs by these motions, inasmuch ns the fOnr 
•♦orews act against the ring only, and do not come in contact with the liairs them- 
■^flves 


IJinler the ti-lcHcope is the nilliBliE-TUBK D D One end of this tube can be raised oi 
bjweieil slightly by nieaiis of the two capstan-headed nuts w n, one of wliii h must 
be loosened before the other is tightened. On top of the bubble-tube are scratches 
for flbowing when the bubble Is central in the tube. Frequently these scratches, or 
nnirks, are made on a htiip <tt biush placed abo\e the tnlx', as in om tig There are 
8e\erai of tin-in, to allow lot the lengthening or Hliorteiiing ot the biibbb* by changes 
ol teiiqieriLtiiie. At tIuMithei end ot the bubble-t iiIm- are tw'o small ca})Stun-screwB, 
placed on opposite sides hot i/,ontally The ciiciil.ir head ot one of them is shown 
near t. by ni< aiis of these two screws, that end ot the tube can be slightly moved 
hor, or to right or left IJndei the bubble-tube is the bar V F; at one end of which, 
us at V,aro two large capsiun-nuls w ic, which operate upon a stout interior screw 
which forms a prolongation of the Y. The holes in these nuts are huger than the 
otheis, as they leqinre a larger lever for turning them. If the lower mil is loosened 
and the iqiper one tightened, the Y ahove is raised; and that i-iid of the telescope 
beiomes fiutlier removed troin the bar; and Aiee versa. J^omemakeis place a similar 
s( H‘W' and nuts niuh-r both Ys ; while otheis di'-peiise w itli the nuts entirely, and 
snbstitiitn beneath one end ot the bar .i huge circular milled head, to be turned by 
the fiiigeih Tins, bowovor, is exposed to accidental alteration, which should be 
avoided. 

When the ixirtions above m are put upon «i, and fastened by the screw Y, all 
the upper part may be swung round hor, in either direction, by loosening the 
clainp-iicrcw 11 ; or .such motion may be prevented by tightening that screw. 
It frequently happens, after the telescope has been .sighted very nearly upon an 
object, and then clamped by H, that we wish to bring the cross-hairs to coincide 
more precisely with the object than we can readily do bv turning the telescope 
hand; and in this case we use the CMii«r<^iit-Merevi' h, by means ol which a 
slight but ste?dy motion may bo given after the iustiuraent is clamped. For 
fuller remarks oli the clamp and tangent-screws, see “Transit." 

The uarallel plaU's m and 8 are operated by four levelliiifif-Mcrewa; 
three of which are seen in the figure, at K K. The screws work in sockets R; 
which, as well as the screws, extend above the upper plate. When the instrument 
is placed on the ground for levelling, it is well to set it so that, the lower parallel 
plate S shall be ns nearly horizoiital as can be roughly judged by eye ; in order 
to avoid much turning of the levelling screws K K iii making the upper plate 
HI hor. The lower plate 8, and the bra.ss parts below it, are together called the 
tripod-liead ; and. In eomiection with three woiMten legs Q Q Q, constitute 
the tripod. In the figure are seen the heads of wing-nuts .1 which confine the 
legs to me tripiHl-head. Under the center of the trlpod-head should always be 
placed a small nng, from which a plunil)-bob may tie suspended. This is not 
needed in ordinary levelling, but becomes useful when ranging center-stakes, Ac. 


To adJnAt a Level. 

This is a quite simple operation, tmt requir-s a little patiem e. Be careful to avoid 
ttraining any of the bcrews. The large V nuts w w sometimeH lequirc bome force to 
Sturt them; but it sboiild be npidieil by pressure, and n«»t by blows, before begin- 
ning to adjust, attend to the object-glH.-'‘‘. as directed in the first sonteuce under “To 
aebust a piiiiii transit.” 

Three adjustments are necessary; and must he made in thefoUoumig order: 

Firat. that of the eroNN-haira; to secure that their intersection shall 
continue to strike the same point of a distant object, while the telescope is being 
turned round a conipbde revolution in its Ys.^ Tlii.s is railed ad,justing tbe line 
of eollimatioin. or somotiines, the Inie of sight; but it i.s not strictly the line 
of siglit until all the adjustments arc finished; for until then, the line of collimation 
will not serve tor taking levelling sights. If erOflS*hairS hrealK* see « 296. 

Second, that of the hubhle«tuhe D O, to pla« e it panUlel to the itae 
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•f eolllmation. previondy adytuted : so that whon the bubble wtandu at tbo centre ol 
Its tubo, indicating that it is level, we know that our sight through the telescope ie 
hor. To repliiro broken bubble tube, see p 2% 

Tbird, that of the Ys, by w hich the telescope and bubble-tube are supported; 
BO that tbo bubble-tube, and line of sight, sliall be perp to tbe vert axis of the iiistru- 
ment; so us lo remain htjr while the telescope is pointed to objects in ditt directions, 
as when taking back and fore sights. 

To make the lirst adjuatment, or that of the emss-Iiairs, iilaiit the 
ti 'pod /irm/y upon the ground. In tins adinstiuent it is not nei iSnu v to level the 
lu^tniraent. Open the clips of tl-- Ys; uiulaiup; draw out the eye-glass E. uulil 
tbe cTosH-halrs are stym perji'ury cli’ar ; sight tbe telescope towaiil scuie cleai dis- 
tant point of an oliject; or still better, tow aid some .slfaigbt line, wbeilnT veit oi 
•v)t. Move the object-glass O.by ni'Miisol tbe milled lieud A, so that tli" o'ljei t sliall 
ot' clearly seen, without parallax, that is. witliout anv appm nt danung 
about of the cioss-hairs, li the cyi' is moved a little up or down or sidewajs T(' 
secHit this, the object-glass aloue is moved to suit dilfeieut distances; the eye-glass 
is not to bo changed after it is once prcfperly fixed upon the cross-haiis. The neglect 
of parallax is a source of frequent errors in levelling. Ciamit ; and, by means of tiie 
tangent-screw 6, bring either one ot the cross-hairs to coiucule mrcixfly with Iho 
object. Tlieti gently, and without jarring, revolve the telescope iiall-waj louinl in 
its Ys. When this is done, if the hair si ill -oiiicides precisely wilb the object, it is 
in adjustment; and we proceed to tiy the other hair. Jtut if it does not coincide, 
then by means of the 4 screws p, i, move the ring which canies the hairs, so as to 
rectify, as nearly as can be judged by eye, only me-half oi the error; remembering 
that the ring must be moved m the direction opposite to what appears U) be the 
right one: unless the telescope is an inverting one. Then turn tlio telescope back 
again to its former position; and again by the tangent-screw bring tbe cross-ban to 
coincide with the <5bject. TIkui again tniri tlie telescope half-way round as before. 
The hair will now bo louiid to be more nearly in its rigid plaee, but, in all probiibil- 
ity, not precisely so, inasmiK h as it is diinciilt to eHtimate orie-lialf the error lu cii- 
rately by eye. Therefore a little more alteration of the ring must be made; and it 
may be necessary to repeat the operation several times, before the luijnslmeiit is 
perfect. Afterward treat the other hair injirecisely the same manner. M hen both 
are adjusted, their intersection will strike the same precise spot while the te!c,scojKi 
is being turned entirely nmnd in its Ys. This must Ire tried helore the adjustmeul 
can be pronounced perfect; because at times tbe adjustment of tbo second Iniir 
slightly deranges that of the first one; esjiecially if both were much oat iu the be 
gmniirg. 

To make the second adjustment, or to place the bubble-tube parallel 
to the line of collimatiou. This consists of two dis- 
tinct adjustments, one vert, and one hui The first 
of these is effected by means of tbe two nuts m n on 
the vert screw at one end of the tube ; and tlie second 
by the two hor screws at the othei end, t, ol the tnlie. 

Looking at the bnhble-tube endwise, from I in the 
foregoing Fig, its two hor udjnsting-soiews 1 1 sue 
seen as lu this sketch. The largei cap-. tan-headed 
nut bciour, has uulhnig to do with the ndjustmenls; 
it merely bolds the end of the tube iii us place. 

To make the vertadjusimentof tbe luiblde-tnbe, by meam* of the two nuts nn. Vlace 
the telescope over a diagonal pail ol the h velling-M lews J\ Iv , and Llamii it tbeie. 
Open the clips of the Ys; and by meaiiH ol the le,velling-Htjews Ining tbe biiblde to 
the center of its tube. Litf the telescope gently <iul ol the Ys, tin ii ii end bn end. and 
put it hack again in Its revet sed position. This being done, il the bubble still remains 
at the center of its tube, this adjustment is in order ; but li it moves toward one end, 
that end is too high, atid must be lowered; or else the other end must be raised 
First, correct haJf the error by moans of the levelling-screws K K, and then the re- 
maining jialf by means of the two small cutrstan-headeii nuts u u. To raise the end 
n, first loosen tlie upper nut and then tighten the lower one, to do winch, turn each 
nut BO that the near side moves toward your rnjht To loivei i(, hist loosen the lowei 
nut, then tighten the upper one, moving the near side ol em h nut tow aid your left 
Having thus brought the bubble to the middle again, again hit the tclesi a[K out of 
itsYs; turn it end for end, and replace it The bubble will now settle nearer tbfl 
center than it did before, but will pnrbably leqiiire still furtiier adjustment. If so, 
correct half tbe remaining error by the levelling-screws, and half l»y the nuts, as be- 
fore; and so continue to repeat the operation until the bubble remains at tiie centei 
In both positions. For another method, see “ To adjust the long biibbl(‘-tube,” p 295k 

Horizontal adjustment of bubble tulie; to see that its axis is in tlie same plane 
With that of the telescope, as it usoaily is in new iustrumente, It is not easily de' 
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rangod, except by blows. Have the bubble-tube, as nearly as may be, directly undei 
the telescojKj, or over the center of the bar V F. Bung the telescope over two of the 
levelling-screws K; clamp it there; center the bubble with said screws; turn the 
telescope in its Ys, say about inch, bringing the bubble-tube out from over the 
center of the bar, first on one side, then on the other. If the bubble stays centered 
while so swung out, this adjustment is correct. It it runs toward opponUe ends of its 
tube when swung out on opposite sides of the center, move the end t of the tube by 
the two horizontal screws ti until the bubble stays wnterod when the tube is swung 
out oil either side. If the bubble runs towanl the mme end of its tube ou both ftidex, 
the tube is not truly cylindrical, but slightly conical,* so that if the telescope is 
turned in its Ys the bubble will leave the center, even when the honzontal adjust- 
ment is corre( t. It is know n to be correct, in such tubes, if the bubble runs the mime 
di>st<mve fnini the center when swung out I lie same distance on each suh' 

Having made the horizontal adjustment, turn the telescope baidv in its Ys until the 
bubble-tnbe is o\ei the bar. Repeat the vertical adjustment (p 308), which may have 
become deranged in making this honzontal one. Pereevere until both adjustmeuta 
are found to be coriect at the same time. 

To nifiko the third adJiiNtment, or to adjust the heights of the Ts, ho 

as to make flie line ot cotlimation piii.ilb-1 to tin* bar V F, or p<‘ip to the vert axis 
ot tlio insti iinient Tin- other iwljiistmeiits being made, fasten down the clips of the 
Ys. Make the in.-'trunn'nt nearly leiel by means ol all four ol the levelling-screws 
K Place tlie telescope ovei two oi the levelling-scrcws which stand diagonally, 
and I(‘ave it there uuclaiujK*d. Then bring tlie biiblde to the center ol its tube, by 
tlic two levelliiig-screws. Swing the uppei jiart ol the instrument half-way around, 
so that the telescope shall agaii stand over the same two sciew's; but end for end. 
This (lone, It tlie Itulible leaves the center, bring it hal/~w<iy back by the large cap- 
stan nuts w, w\ and tlu' other half liy the two le\(>lling-screws. Reineiuber that to 
raise the Y, and the end of the bubble over w, to, the lower w must b( loosened ; and 
the upp(*r one tightened; and vice veisa. Now place the telescope o\cr the other 
diagonal jiair of leielling-scri'ws: and repeat the w'hole operation with them Hav- 
ing completed it, again try with the fii-st pair; and so keep on until the bubble re- 
mains at the (!eiiter of its tula*, in ever.\ position of the telescope. 

{'orrect levelling may be pf'rt'oimeil even if all the foregoing adjustments are 
out of order; provided each fore-sight be taken at precimly the same distance from 
Jie lustrwnent as the bar}c-\njht ts. But a good bweller will keep bis instrument always 
in adjustment; and will test the adjiistiiKUits at least once a d.ij when at work. As 
much, however, depi'tids upon tfie rodinan. oi target-niun, as upon the leveller. A rod- 
man who is caieless aliout holding the rod vert, or about reading the sights correctly 
fiiould be discharged without niercv. 

(’lie ievelliiig-screvv> m many instruments become very hard to turn if dirty. Clean 
a itb water and a tootli-bi iisli. Use no oil on field instriuneiits. 

Forms for noto-boolss. When the distance is short, so as not to 

require two sets ot books, the following is perhaps as good as any, 

I SWiol I J;hTs.| “f- I Cut- I M- 1 

But on luifilic w'orks generally the original field-books have only the first fire cols 
After flic grades have been (l<*tcrinined i>y lueausoj the pinfile draw'u from these. 

I tie results nr" placed in another book, which has only the liistcol and the last four. 
In both cases, tin* right-hand page is reserved for nieiuoraiida. The writer considers 
it best, both with the level and witVi the transit, to consider the term “ SxaTiOS ” to 
ipply to the whole (list between two consecutive stakes; and that its number shall 
lie that written on the last stake. Tlius, with the transit. Station fi means the dist 
from stake ft to slake li; that it has a bearing or coni-se of so and so; and its length 
!•' so and so. And vvitli the level. Station <5 also lucunN the d^^f from stake 6 to stake 
f> ; the back-siglit for that (list Iw-iiig talti ii at stake ft, and the fore-Mght on 8tak(‘ 
fj; and that the lev(d, grade, cut, oi fill is that at stake (>. The starting-point of the 
survey, whether a stake, or any thing else, we call and mark simply 0. 


* This defect can be remeditsi only by removing the tube and inserting a correctly- 
shaped one, and tliis is best done by an instrument-maker; but correct work can 
bn doun in Hpit(> ot it, thus: Make all the n(\|<tt>tiiients as nearly correct as possible. 
Levid the iiistiunioiit. By turning the tolescoiie in Its Ys, make the vertical hair 
coincide with a plumb-line or otlier vertical line, and make a short continuous knife- 
scratch on the collar nearest the object-glass, and on the adjoining Y. Lift the tele- 
scope out of its Ys, turn it end for end, leplace it in its Ys; again bring the upright 
hair vertical, and make on the other Y a scratcli coinciding with that on the collar. 
Tlien, In levelling or in adjusting, alw’ays see that the scratch ou the collar cbincidet 
witti ftiat ou the adjoining Y when the bubble-tube is under the telescope. 
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THE HAND-EEVEL. 



This very ns Till little instrumpiit. as arniiiiicd liv Professor Locke, of Cincinnati, IB 
but about five orsix incbcH louf; Sinii>lvlioltIiii}iitinoiielijmd. and lookmp tlirouph 
It in anv direction, we can aseert on at on< < , ajtpioxiiiiately. what ohjecth are at tho 
same level with the eve E i« tlie eve end - atul 0 the object end. 1- is a sninll 
level, pnclos“d in a kind of brass boxitip / n. the l»ottoin of wh'cli is open with acor- 
rcspondtna: openini; under it. thronirli the fop of (he mum tube K 0 Tnitnediately 
at the bottom of the small level L, i' a etos>-wire, stretched acioss sani oiK'iiing, and 
c*rried hv a small plate, whieh. tor ndinsting the wire, can he pnsliecl backward a 
trifle bv tightening the screw /, or pushed forward bva small spring v. ill in the hox- 
ing, near 7 . when the si rew t is loosened At is a small seiiiiciicnlar mirroi a a, 
silvered on the Isick w 'fins ts placed at an angle of find oei ttpies one-half tho 
width of the tuhe EO Thronuh the fnrementioned openitigs, the imagi's f>f tho 
cross-wire and of the level hnhble are r< fleeted down on the niisiheied j.iee a a of 
the mirror, and tlnmee to the eye, as shown by the single dotted lim s c and «•; and 
W'hen the instnmient is adnisted and held level, the wire will ajipear t" he ai tho 
wmter of (lie Imhlde At /<• is one hall of a plano-convex iens, at the iniiei end of a 
short tube wbieh mav moved backward or lorwaid by a pm jiioiecting 
through <1 '•hort slit m tie- mam tiilie Uv tins means (lie image of the cross-wiie is 
rendereii distim t . and the half lens must he moved until, whim Mowing an oh.)eet, 
the wire shall show' no parallax; but appear steady against the object w’hoii the oye 
Is slightly moved nit or down. At each end of the tube E 0 is a circular piece of 
plain glass (or ••xelndmg diist 

To iwljuvtl the liiiiid<le.vel. first lt.\ two precistd.^ level murks, say from 
iio teet to lUO y.irds apart This Iwing done, loht the mstiument against one of tho 
level marks, and take siglit at the other. II, then, the wire does not ajipear to i»o 
precisely at the center ol the biibhle, move it shehtly backward or tot waul, as the 
case may bt), by the screw' t, iintd if does so aiipcar. 
yiie two level marks may be. fixed hj means ol tho 
hand-level itself, even if it is eutir<'i> out «d iMlpist- 

ment, thus. Knst. by flic pin « ai range the hall lena ' 

h, so as to show the wiie distinctly and without paial- 0 "^ ^ 

lax. Then lioldliig tin* level ste.idily, at any selectod 
object, as a, so that the wire appears to cut tile center 

of the bubble, see where it cuts any other convetiieiit object, as h Then go toft 
and from it, in like manner, sight back lowaida. If the iuhtnimoiit is in adjust- 
ment, tlie wire will cut a; but if not, il will strike either above it tir below it, as at c 
In either case, make a mark /a, half-way hetwi-en c ami «. 'fheu ft and to will be the 
two level marks ref]iiired With care, these adju-^tmeuts, when oiiee made, will 
remain in order lor years. The instrumi'iit gennrally 1 ms a sumll ring r, for hanging 
it around the tieek: it is not aiUpted to very ace.iirate work, but admirably so lor 
exploring a route, 'fhe height of a baie lull can bo tound l>y beginning at the foot, 
and sigliiing ahead at any little chaiire oiyeet w'hich the cioss-wiie may strike, as a 
pebble, twig. Ac; then going forwatd, stand at that object, and fix tlie wire on 
another one still farther on, and so to tin* top At cacli observation we )>lainly rise 
a height equal to tiiat of the eye, 8 .iy .'>1^ feet, or whatever it may be. Whetlier 
going up or down it, if tlie hill is covered with grass, bushes, Ac a target rod must 
be used for the fore-sights; and tlie c<iiistaiit height of the eye may be regarded as 
the back-sigiit at ea< li station. An attacliuient may bo maile for screwing tlie level 
to a small ball and socket on top of a earn*, or of a longer stick, for occasional use, 
when rather more nccnrscy is desired. 
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rangod, except by blows. Have the bubble-tube, as nearly as may be, directly undei 
the telescojKj, or over the center of the bar V F. Bung the telescope over two of the 
levelling-screws K; clamp it there; center the bubble with said screws; turn the 
telescope in its Ys, say about inch, bringing the bubble-tube out from over the 
center of the bar, first on one side, then on the other. If the bubble stays centered 
while so swung out, this adjustment is correct. It it runs toward opponUe ends of its 
tube when swung out on opposite sides of the center, move the end t of the tube by 
the two horizontal screws ti until the bubble stays wnterod when the tube is swung 
out oil either side. If the bubble runs towanl the mme end of its tube ou both ftidex, 
the tube is not truly cylindrical, but slightly conical,* so that if the telescope is 
turned in its Ys the bubble will leave the center, even when the honzontal adjust- 
ment is corre( t. It is know n to be correct, in such tubes, if the bubble runs the mime 
di>st<mve fnini the center when swung out I lie same distance on each suh' 

Having made the horizontal adjustment, turn the telescope baidv in its Ys until the 
bubble-tnbe is o\ei the bar. Repeat the vertical adjustment (p 308), which may have 
become deranged in making this honzontal one. Pereevere until both adjustmeuta 
are found to be coriect at the same time. 

To nifiko the third adJiiNtment, or to adjust the heights of the Ts, ho 

as to make flie line ot cotlimation piii.ilb-1 to tin* bar V F, or p<‘ip to the vert axis 
ot tlio insti iinient Tin- other iwljiistmeiits being made, fasten down the clips of the 
Ys. Make the in.-'trunn'nt nearly leiel by means ol all four ol the levelling-screws 
K Place tlie telescope ovei two oi the levelling-scrcws which stand diagonally, 
and I(‘ave it there uuclaiujK*d. Then bring tlie biiblde to the center ol its tube, by 
tlic two levelliiig-screws. Swing the uppei jiart ol the instrument half-way around, 
so that the telescope shall agaii stand over the same two sciew's; but end for end. 
This (lone, It tlie Itulible leaves the center, bring it hal/~w<iy back by the large cap- 
stan nuts w, w\ and tlu' other half liy the two le\(>lling-screws. Reineiuber that to 
raise the Y, and the end of the bubble over w, to, the lower w must b( loosened ; and 
the upp(*r one tightened; and vice veisa. Now place the telescope o\cr the other 
diagonal jiair of leielling-scri'ws: and repeat the w'hole operation with them Hav- 
ing completed it, again try with the fii-st pair; and so keep on until the bubble re- 
mains at the (!eiiter of its tula*, in ever.\ position of the telescope. 

{'orrect levelling may be pf'rt'oimeil even if all the foregoing adjustments are 
out of order; provided each fore-sight be taken at precimly the same distance from 
Jie lustrwnent as the bar}c-\njht ts. But a good bweller will keep bis instrument always 
in adjustment; and will test the adjiistiiKUits at least once a d.ij when at work. As 
much, however, depi'tids upon tfie rodinan. oi target-niun, as upon the leveller. A rod- 
man who is caieless aliout holding the rod vert, or about reading the sights correctly 
fiiould be discharged without niercv. 

(’lie ievelliiig-screvv> m many instruments become very hard to turn if dirty. Clean 
a itb water and a tootli-bi iisli. Use no oil on field instriuneiits. 

Forms for noto-boolss. When the distance is short, so as not to 

require two sets ot books, the following is perhaps as good as any, 

I SWiol I J;hTs.| “f- I Cut- I M- 1 

But on luifilic w'orks generally the original field-books have only the first fire cols 
After flic grades have been (l<*tcrinined i>y lueausoj the pinfile draw'u from these. 

I tie results nr" placed in another book, which has only the liistcol and the last four. 
In both cases, tin* right-hand page is reserved for nieiuoraiida. The writer considers 
it best, both with the level and witVi the transit, to consider the term “ SxaTiOS ” to 
ipply to the whole (list between two consecutive stakes; and that its number shall 
lie that written on the last stake. Tlius, with the transit. Station fi means the dist 
from stake ft to slake li; that it has a bearing or coni-se of so and so; and its length 
!•' so and so. And vvitli the level. Station <5 also lucunN the d^^f from stake 6 to stake 
f> ; the back-siglit for that (list Iw-iiig talti ii at stake ft, and the fore-Mght on 8tak(‘ 
fj; and that the lev(d, grade, cut, oi fill is that at stake (>. The starting-point of the 
survey, whether a stake, or any thing else, we call and mark simply 0. 


* This defect can be remeditsi only by removing the tube and inserting a correctly- 
shaped one, and tliis is best done by an instrument-maker; but correct work can 
bn doun in Hpit(> ot it, thus: Make all the n(\|<tt>tiiients as nearly correct as possible. 
Levid the iiistiunioiit. By turning the tolescoiie in Its Ys, make the vertical hair 
coincide with a plumb-line or otlier vertical line, and make a short continuous knife- 
scratch on the collar nearest the object-glass, and on the adjoining Y. Lift the tele- 
scope out of its Ys, turn it end for end, leplace it in its Ys; again bring the upright 
hair vertical, and make on the other Y a scratcli coinciding with that on the collar. 
Tlien, In levelling or in adjusting, alw’ays see that the scratch ou the collar cbincidet 
witti ftiat ou the adjoining Y when the bubble-tube is under the telescope. 
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LEVELLIlfG BT THE RARO^TETER. 

I. Many circiimstanceH combine to render the reanits of this kind of ievellins; nn- 
reliable where great accuracy is required. Tins fact was most coiicliisively proved 
by the observations made by Oaptaiii T. .1. (Irani, of the U. S, Coast Survey. See 
Report of U. S. C. S., vol. for 1854 It fa difficult to read off from an aneroid (the 
kind of barom generally employed for engineering jnirposc's) to within from two to 
five or six ft, depending on its size The moisture or dryness of the air affects the 
results; also winds, the vicinity of mountains, and the daily atmospheric tides, 
winch cause incessant and irregular fluctuations in the barom. A barom hanging 
quietly in a lOom will often vary of an inch within a few hours, coi responding 
to a diff of elevation of nearly 100 ft No formula can possibly be devised that shall 
embrace these sources of error. The variations dependent upon temperature, lati* 
tude, 4c, are In some measure provided for; so that with veryddteate instruments, a 
skilful observer may measure the diff of altitude of two points close together, such 
as the bottom and top of a steeple, with a tolenihle confidence that he is vMtliin two 
or three fwt of the truth. But if as short an iiiferval as even a tew hours elapses 
between his two observations, such changes mav occur in the condition of the atmo- 
sphere that he may make the top of Uie steeple to be lower than its hottoni ; or at 
least, cannot feel by any means certain that he is not ten or twenty ft in error; and 
this may occur without any prrccplilile change in the atmospheie Whenever iirac- 
ticable, tlierefore, there should he a person at each station, to ohsei ve at both ]»()itits 
at the same time. Single observation-, at points many miles ainirt and niiule on dif- 
ferent days, and in dittereut state^ ot the atmosphere, are of little value In sncli 
cases the mean of many observations, extending o\er several days, wei'ks, or months, 
and mode when the air is apjiarently undisturbed, will give tolerable approximations 
to the truth. lu the tropics the laiigc ol the aitnospberic pres is mucli less than 
in other regions, seldom exceeding % inch at any one spot, also more regular in 
time, and, therefore, less productive of error. Still, the barometer, esiiecmlly cither 
the aneroid, or Bourdon's nietailic, may be rendend luglily useliil to tin' cnil engi- 
neer, in cases where great accuracy is not demanded. By liiiiiyiiig tiom point to 
point, and especially by repeating, be can torni ajiidgmeiit us to which of two siim- 
ffllts is the lowest Or a caiefiil observer, keeping some miles ahead of a siuveyiny 
party, may materially lessen their labors, especially in a rough country, by select- 
ing the general route for them in advance. The accounts of the agi cement within 
a few inches, in the measurements of high inoiiiitnms, by difl observei-s, at diff 
periods ; and those of ascertaining accurately the grades of a railroad, by iiieaiis of 
an aneroid, while riding in a car, W'llI be lielievcd' by those only who arc ignorant 
of the subject. Such results can happen only by chance. 

When possible, the observations at different places should be taken at the same, 
dme of day, as some check upon the effects of the daily atmospbenc tides; and in 
very important cases, a memorandum should bo made of tho year, month, day, and 
hoar, as well as of the state of the weather, dncctiou of the wind, latitude of the 
place, &c, to be referred to an expert, if necessary. 

The efTeeti of latitude are not included in any of our formulas. When 
reqd they may be found in the table page 314. Several other corrections must be 
made when great accuracy is aimed at; but they require extensne tables. 

lu rapid railroad exploring, however, such refiiiemenUs may be neglected, inas- 
much as no approach to such accuracy is to be ex|a'cted ; but on the contrary, errors 
01 from 1 to 10 or more feet in 100 of height, will frequently occur. 

As u v«ry rou|j;h average we may assume that the barometer falls 
Inch for every 90 feet that we ascend above the level of the sea, up to 1000 ft. Hut 
in fact its rate of fall decreases continually as we ri,sc; so thut at one mile high it 
falls ^ inch for about 106 ft rise. Table 2 shows the true rate. 
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To aMc«rtalii the diflT of height between two polnti). 

Rule 1 . Take readiugs of the barom and therm (Fah) In the shade at both 
stations. Add together the two readings of tlic barom, and div ttieir sum by 2, for 
their mean ; which call b. Do the same with the two readings of the thermom, and 
call the mean t. Subtract the least reading of the barom from the greatest ; and call 
the diff d. Then mult together this difl d; the number from the next Table No. 1, 
opposite t ; and the constant number 30. Div tlie prod by b. Or 


Height _ Diff(^d)of ^ Tabular number opposite ^ 
in teet ~ barom ^ mean (t) of thei niom ^ 


Constant 30. 


moan (bj ot barom 


Example. Reading of the barom at lower station, 26.64 ms ; and nt the upper 
hta 20.82 ms. Thormom at lowest sta, 70‘^; at upper sta, 40“^. What is the diff in 
height of tho two stations? Hero, 

Darom, 26.64 Therm, 70° 

“ 20.82 “ 40° ^ 


2)47.46 


Also, 


2)110 


23.73 mean of bar, or h. 


6f)° mean of 
therm, or t. 


The tabular number opposite 55°, is 017.2. 

Bar. Bar. 

Again, 26.64 — 20.82 = 5.82, diif of bar ; or d. Hence, 


d, Tab No, Con. 

Height ^5.82X917.2 X30 _ 1^4^3.12 _ 6748.5 ft; answer, 
m feet 23.73 (or b) 23.73 


Then correct for latitude, if more accuracy is nspl, by rule on next page. 

The ACrew at the Imekof an aneroid is for adjusting the index by a stand- 
ard barom. After this lias been done it must by no means be nieddbd with. In 
some instruments specially made to order with that intention, this screw may be 
used also tor turning tho index back, after having risen to an elevation so great that 
the index has reached tho extreme limit of tho graduated arc. After thus turning 
it back, tho indications of the index at greater heights must be added to that at- 
tained when it was turned back. 


TABLE 1. For Rule 1. 


Mean 

of 

Thcr 

No. 

•Mean 

of 

Then. 

No. 

Mean 

of 

Ther. 

No. 

Mean 

of 

Tber. 

No. 

0'5 

801.1 

30C' 

864.4 

60=> 

927 7 

90° 

991.0 

1 

80a.2 

31 

866.5 

61 

029.8 

91 

993.1 

2 

805.3 

32 

868.6 

62 

931.9 

02 

995.2 

3 

807 4 

33 

870 7 

63 

9.14 0 

03 

997.3 

4 

800 5 

34 

872 8 

61 

9.16 1 

04 

099.4 

5 

811.7 

35 

874 9 

65 

sets 2 

05 

1001.6 

6 

813 8 

36 

877 0 

66 

040.;t 

06 

100.1.7 

7 

81.5 9 

37 

879 2 

67 

042 4 

07 

1005 8 

8 

818 0 

38 

881 3 

68 

044 5 

OK 

1007.9 

9 

8‘iO 1 

39 

Hai.4 

69 

046 7 

00 

lOlO.O 

10 

822.2 

40 

885.4 

70 

948 8 

100 

1012.1 

11 

824 3 

41 

8H7 5 

71 

a50.9 

101 

1014.2 

12 

826 4 

«2 

HH9 6 

72 

o5:io 

102 

1016 3 

13 

828 5 

43 

891.7 

73 

953 1 

103 

1018.4 

14 

830 6 

44 

893.8 

74 

957.2 

104 

1020.5 

16 

8.32.8 

45 

896.0 

75 

930.3 

105 

1022.7 

16 

834.9 

46 

898.1 

76 

061.4 

106 

1024.8 

17 

837.0 

47 

000.2 

77 

96S.5 

107 

1026.9 

18 

839.1 

48 

902.3 

78 

OIM.S 

108 

1029.0 

19 

841.2 

49 

004.6 

79 

1 067 7 

100 

10.11.1 

120 

843.3 

60 

9066 

80 

069.9 

110 

1033.2 

■il 

845.4 

51 

908.7 

81 

972 0 

111 

1035.3 

n 

847.6 

52 

910.8 

82 

974.1 

112 

1037.4 

113 

849 6 

63 

913 0 

83 

976.2 

M3 

1039.6 

!24 

851 8 

64 

915,1 

84 

978.3 

114 

1041.6 

2.'> 

853 9 

65 

917.2 

85 

980.4 

115 

1043.8 

26 

856.0 

56 

919,3 

86 

982,6 

116 

1046.9 

27 

858.1 

67 

921.4 

87 

984.7 

117 

1048 0 

28 

860,2 

68 

923.5 

88 

986.8 

118 

1050.1 

29 

862.3 

69 

925 6 

89 

988.9 

119 

1(32.2 
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Rule 2. short approx rnle is the one host adapted to rapid 

field use, namely, add together the two readings of the barom only. Also lind the 
diir between said two readings ; then, as tho Slim Of the two reading's 
is to their difl; so is 55000 feet to the reqd altitude. 

t’orreetion for latitude is usually omitted where great aceuracy is not 
reipiired. To apply it, fiist find the altitude by the rule, as before. Theiidnide it 
by tlie tuunbei in tlie following table ojijuisite the latitude of the plnee (If tlie two 
phwe-'Uie in difi'erent latitudes, Uhe their lueaii.) AiM the (pioIn Tit to the altitude 
if the latitude IS Zess tlian 4;V\ t>nbtract it ii the latitude is wiore than df/’. No eor- 
reetioii requited for latitude 45°. 


Lat. 

0° S52 

2 .(54 

4 356 


8 

10 

12 


Table of correetions for laiitude. 



lb 

IS 

20 


24 

26 


309 

416 


Lai i 
2S' 1 6 Ml 

30 j 705 

32 804 

31 041 

3b 1140 

38 145H 

40 2028 


I 10101 

3367 

2028 

14o8 


1140 

9(1 

804 

705 

6M> 


Lat 

680 

Vi 

74 

76 

78 

80 


490 

431. 

4lh 


.386 

375 


Levelling: hy Barometer; or by the boiling: point. 

Rcle 3. The following table. No. 2, enables us to meahure heights either liy meaiiH 
of boiling water, or by the liaiora The thii<l eolumn shows the aiipioxirnate alti- 
tude above sea-level corresponding to dilT heights, or tendings oi tin* baroiii ; and to 
the difl degrees of Fahrenheit's thermoni,at whidi water lioils in tlie open nir Tims 
when the harotn, under undistiiriied couditioiiH of tlie atmosphere, stands at 24it8 
inches, or when pure rain or distilled water boils at tlie temp of 201° Fab ; the place 
is about 6764 ft above tlie le\>l ol the sea, as sliowu liy tiie laiile. It is llieiefore 
very easy to find the dijf of altitude of two pha-es Thus : take out from table No 2, 
the altitudes opposite to the two boiling temperatures ; or to the tw o barom readiiigB 
Bubtraet the one opposite the lower reading, from tliat opposite the upper leading 
rite reni will be tlie reijd height, as a lougji appioxunation To couei t this, add 
together the two therm readings ; and div tlie sum by 2, for their mean. From tahle 
(or temperature, p 816, takeout the mini lier opposite this mean. Mult the ap- 
proximate height just found, by this tabular number. Then correct foi lat if rcqd. 

Ex. The same os prersiding ; namely, barom at lower sta, 26.64 j and at upper sta, 
20.82. Thermom at lower sta, 70° F..h ; and at the upper one, 40°. W'hat is tl.o difl 
of height of the two stations ? 

Alt. 

Here the tabular altitudes are, for 20.82 %79 

and for 26.64 3115 


To correct this, we have 


70° 4- 40° 


6464 ft, approx height. 

650 mojin j and in tabic p 316, opp |i. 


65°, we find 1.018. Therefore 6461 V 1.048 = 6774 ft, the rerpl height. 

This is ulMjut ft more tli in liy Kulo 1 ; or nearly .4 o( a It lu I'acli 100 ft. 

At 70° Full, pure watiT will boil at 1° less of temp, for an u\enige of about 550 ft 
of elevation above sea-ievel, up to a height of^ a mile. At the height of 1 mile, 1° 
ot boiling temp will correspond to about .560 ft of elevation. In table p 31B ths 
mean of the temps at the two stations is assumed to bo 32° Fab ; at whitli no correc- 
tion for temp iH necessaiy in using the table; hence the tabul.ir numlier opposite 
32°. in table p 316, is I’. 

This diff produced in the temp of the hmling point, hy cliaiige of elevation, must 
Jot be confounded with tliat of the at'nosiihere, due to the same ruusi*. The air l»e- 
couies cooler as we ascend uliove sea-Jevel, at the tale (very rouglily; ol about 1° Fah 
for every 2(}() it near sea- level, to 350 ft at tlie Imiglit of I mile. 

TilO following tabl4>, No. 2, (so fur as it relates to llic barom ) was de- 
iuced hy the writer Irom the standard woili on the barom by Lieut.-Col. K. S, Wtl 
liamson, U. 8. army.* 


• Pttbllthed by permiisioa of Coveramont la 1868 by Van Nostrand, N. V 
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TABLE 2. 


Levt^llln^ by Barometer; or by the boiliiiff point. 

Assumed temp in the shade 32° Fah. If not 32°, mult baroni alt as per Table, p 316 


Boil 
point 
In deg 
Fab. 

Altitude 

Barom 1 above 1 
sea level i 
Ids. I Feet. 

Boll 
[>niut 
n <leg 
Kali 

Barom. 

Idb. 

iltltude 
above | 
tea level i 
Feet. 

Boll 

n deg 
Kah. 

Barom. 

lUR. 

tltitnde 
alxive I 
lea lei) 1 i 
Feet 

Boil 

11 deg 
Fah 

Barom 1 

1 

Idb. 

Altitndo 
above 
[ Boa level 
Feet 

1840 

16 79 

1.5221 

.3 

19 66 

11083 

.6 

22 93 

7018 

.9 

26.59 


3164 

.1 

16 M 

15159 

4 

19 70 

110-29 

.7 

22.98 

6991 

206 

‘26 64 ' 


3115 

.2 

16 86 

15112 

.5 

19 74 

10976 

.8 

Z1.02 

6945 

.1 

26 69 


3066 

3 

16 90 

15050 

6 

19 78 

10923 

9 

23.07 

6888 

.2 

•26.75 


3007 

.4 

16 93 

15003 

.7 

19.82 

10870 

199 

23.11 

684.3 

.3 

26 80 


•2958 

.6 

16 97 

14941 

.8 

19.87 

10804 

.1 

23 16 

6786 

4 

26 86 


2899 

.6 

17 00 

14895 

.9 

19 92 

10738 

.2 

23.21 

67-29 


26 91 


•28.50 

.7 

17 01 

14833 

192 

19 96 

10(»85 

.3 

•23.‘26 

6673 

6 

■26 97 


2792 

.8 

17 08 

14772 

1 

20 oO 

10»>,t.t 

.4 

‘2.3.31 

6617 

.7 

27 02 


2743 


17 12 

147 ID 

.2 

20 05 

10.567 

.5 

‘23 36 

6560 

8 

27 08 


‘2685 

185 

17 !(• 

I4)i49 

3 

20 10 

lU.iU-2 

.6 

•2.3 40 

6516 

9 

‘27 111 


2637 

.1 

17 20 ‘ 

14:iK8 


2t) 14 

io>:>o 

.7 

•23 45 

6460 

.'07 

•27 18 


‘2589 

.2 

17 23 

11513 


■20 18 

10.198 

.8 

2.3 49 

6415 

1 

27 2.1 


2540 

Ji 

17 27 

14482 

.6 

•20 2^ 

10‘t46 

.9 

•23 54 

6359 

2 

27 -29 


2483 

.4 

17.31 

14421 

7 

20 27 1 

10281 

200 

•23 59 

61304 

..1 

•27.34 


24.35 

.5 

17 35 

1431.1 


•20 11 

10230 

.1 

•23 64 

6‘248 

4 

‘27.40 


2377 

.6 

17.3S 

14115 

.9 

20 35 

10178 

.2 

‘2:3 69 

6193 


27.45 


•2329 

.7 

17 42 

14255 

193 

•20 .19 

101-27 

.3 

■23 74 

0Io7 

6 

‘27 51 

‘ 

2‘27‘2 

.“I 

17 46 

11195 

1 

20 43 

I007.> 

.4 

•23 79 

6082 

7 

27 56 


‘2224 

,4 

17 50 

111.15 

2 

-2(1 48 

10011 

.5 

•2.1 84 

60-27 

8 

27 62 


•2167 

:8« 

17 54 

1 1075 

1 

•A) 53 

9947 

.6 

•23 89 

5972 

9 

27 67 


2120 

.1 


14015 

4 

*20 57 

9896 

.7 

•2.3 94 

5917 

208 

27.78 

1 

‘2063 

.2 

17 t>2 

139:)« 


•20 61 

9845 

.8 

23 98 

.5874 

1 I 

•27 78 


2016 

.3 

17 

13890 

6 

•20 65 

9794 

.9 

24 03 

5819 


•27 84 


1959 

4 

1: 70 

138.17 

7 

•20 (i9 

9743 

201 

24 W 

5764 

,2 I 

27 89 

1 

1912 

.5 

17,74 

13778 

8 

•20 73 

9693 

.1 

•24 13 

5710 

\ 1 

27 95 


JH5b 

A', 

17.78 

13718 

.9 

•20 77 

9(>12 

.2 

24 18 

6656 

.5 

28 (K) 

' 

1809 

.7 

17 82 

13660 

194 

•20 82 

9579 

3 

24 '23 

514)2 

.6 

•28 06 


1763 

.8 

17 «fi 

13601 

.1 

20 87 

9516 

.4 

•24 28 

5547 

7 1 

‘28 11 


1706 

.4 

1 7 UG 1 

13,542 


A191 

9466 

.5 

•24 33 

5494 

8 

•28 17 


16o0 

187 

17 93 I 

13498 

3 

20 96 

9403 

6 

24 38 

5440 

.9 

‘28.‘23 


1595 

.1 

17 47 

1,3440 

.4 

•21.00 

93.5.1 


24 43 

5.386 

209 

28 -29 


1539 

.2 

18,00 1 


.5 

21 03 1 

1 9291 

.8 

24 48 

51332 

.1 

28 85 


1483 

.3 

18,04 

13338 

6 

21.09 

9241 

9 

24 53 

5379 

.2 

28.40 


1437 

.4 

18 08 


.7 

21.14 

9179 

•202 

‘24 58 

5225 

.3 

•28.45 


1391 

.5 

18 12 

13222 

.8 

21.18 

91.30 

.1 

24 63 

5172 

.4 

‘28.51 


1336 

.6 

18 16 

13164 

.9 

21 22 

9080 

2 

'24 68 

5119 

.6 

28.56 


1*290 

.7 

18.20 

13106 

195 

21 K 

9031 

.3 

24 73 

’ 5066 

.6 

28.62 


1236 

.8 

18.24 

13019 

.1 

21 .31 

8969 

4 

24.78 

5013 

.7 

28 67 


1189 


18 28 

12991 

2 

21.35 

89’20 

5 

‘24 Kl 

4960 

.8 

•28 73 


1134 

188 

18.32 

129.34 

.3 

•21.40 

88.59 

.6 

•24 88 

4907 

9 

28.79 


1079 

.1 

18 36 

12877 

4 

21.44 

8810 

.7 

•24 93 

485.) 

210 

‘28 85 


10*25 

.2 

18 40 

12820 

.5 

•21 49 

8749 

8 

•24 98 

480-2 

.1 

28.91 


970 

.8 

18.44 

12763 

.6 

21 53 

8700 

.9 

25.03 

47.50 

.2 

•28.97 


916 

.4 

18.48 

12706 

.7 

21.58 

8(i39 

203 

25 OH 

4697 

.3 

29.03 


862 

.5 

18.52 

12649 

.8 

21.62 

85‘M) 

1 

25 13 

4645 

.4 

29.09 

806 

.C 

18 50 

12593 

,9 

•21.67 

8.5;i0 

•2 

•25 18 

4.193 

5 

‘29.15 

754 

.7 

18 60 

12536 

1% 

21.71 

84.81 

.3 

25 -2.1 

4541 

.6 

•29.20 

709 

.8 

18 64 

12180 

.1 

21 76 

8421 

.4 

•2.5 28 

4489 

.7 

‘29 25 

664 

.9 

18.68 

12424 

.2 

21.81 

8361 

.5 

25 33 

44.(7 

.8 

1 29.31 

: 

610 

189 

18 72 

12367 

3 

21 86 

8301 

.6 

25 38 

4386 

.9 

29 86 1 

I 665 

.1 

18.76 

12311 

.4 

21 90 

H2.V1 

.7 

•26 43 

43.34 

■211 

29.42 1 

512 

.2 

18 80 

122,56 

.5 

21.95 

8193 

.8 

25 49 

4-272 

.1 


1 458 

.3 

18 84 

1 2200 

.6 

21 99 

8145 

.9 

•25 54 

4-2->l 

.2 

29,54 

1 405 

.4 

]H 88 

12144 

.7 

22 04 

80H6 

204 

•25 .59 

4169 

.3 

•29.60 

352 

.5 

18.92 

r2089 

.8 

•22.08 

80:iH 

.1 

•25 64 

4118 

.4 

29.65 

308 


18 96 

1 2033 

.9 

•22 IS 

7979 

.2 

25 70 

4057 

.5 

■29.71 

255 

.7 

19 00 

11978 

197 

•22 17 

7932 

.3 

•25 76 

3996 

6 

•29 77 

202 

.8 

19.04 

11923 

1 

•22 -22 

7873 

4 

2.5 81 

3945 

.7 

1 29 e; 

1 

149 

.9 

19 08 

11868 

2 

22 *27 

7814 

.5 

25 86 

.1894 

.8 


105 

190 

19 13 

11799 

3 

22 32 

7755 

.6 

25 91 

3844 

.9 

29 94 

1 52 

.1 

19 IT 

11745 

.4 

■22 36 

7708 

.7 

•25.96 

.379.3 

212 

' 30.(H) 

sea lev:r 


19 21 

11690 

.IV 

•22 41 

7649 

8 

•2b 01 

8742 

1 Below eea level. 

.3 

19 25 

11635 

,6 

22 45 

7602 

.9 

•26 06 

3692 

.1 

30.06 

- J 

,4. 

19 29 

11581 

.7 

22.50 

7544 

■205 

26.11 

3642 

.2 

30 12 

— 1( 


19 33 

11.527 

.8 

22 54 

7498 

.1 

26 17 

3582 

.3 

3018 

—It 

.6 

19.37 

11472 

.9 

22.59 

74.39 

.2 

•26.‘2'2 

3582 

.4 

30.24 

— 2( 


19.41 

11418 

198 

22 64 

7381 

.3 

26 28 

3472 

.5 

,30.30 

— 2< 

.8 

19 45 

11.364 

.1 

22 69 

7324 

4 

26,33 

8422 

.6 

30 35 

—31 

.9 

19 49 

11310 

.2 

22.74 

7-266 

5 

26 38 

S.372 

.7 

80.41 

-81 

191 

19.54 

11243 

.8 

22.79 

T20B 

.6 

26.43 

8.322 

.8 

80.47 

—41 


19 58 

11190 

.4 

2‘2.84 

7151 

.7 

26.48 

8273 

.9 

80 5.3 

— 4i 

'.i 

1 19.62 

11136 

.5 

22.89 

1 7093 

8 

•26.51 

1 3213 

213 

80.59 

—6 
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SOUND. 


Corrections for temperature; to be iiseil in connection with 
Rule !t, when greater accuracy is neeessai^'. Also in eon- 
neetlon with Tai»Ie 2 when the temp Is not 22°. 


1 Mean 
temp 
m tlio 
shade 

i 

j Mult 

1 by 

Mean 
temp 
in the 
sliade 

Mult 

i»y 

Mean 
temp 
in the 
sli.ide 

Mult 

by 

Mean 
temp 
in th( 
siiiide 

— 

I Mult 
by 

Zero 

.9'1;3 

28“ 

.992 

5(1“ 

1.0.50 

84“ 

1.108 

20 

.937 

30 

.996 

58 

1.0,54 

8G 

1.112 

4 

.942 

.32 

l.OOO 

60 

1058 * 

88 

1.117 

6 

.946 

34 

1 0(*4 

62 

1062 

irt) 

1.121 

8 


36 

1008 

64 ' 

1.066 

92 

1.12.5 

10 

I .9.'>4 

38 

1.012 

66 

1071 

94 

1.12*1 

12 

.958 

40 

1016 

68 

1.075 

96 

1.1.S3 

14 

1 .962 

42 

1.020 

70 

1 079 

9.8 

1 138 

16 

1 .967 

44 

1.024 

7-2 

1 083 

loo 

i 1 142 


.971 

46 

1.028 

1 74 

1087 

102 

; 1.146 

20 

.975 

48 ! 

1.032 

I 76 1 

1091 

104 

1 1.1,50 

2*2 

.979 

50 i 

1 0.16 

78 1 

1.096 

lii6 

1154 

B 24 

.9S3 

52 

1.041 

80 1 

1 100 

108 j 

1.158 

] 26 

1 .987 

54 1 

1,046 

82 1 

1104 

no 

1.163 


SOUND. 

Tiie velocity of sound in quiet open air, haa been experimentally detei- 
mined to bo very appioxinmtely lo90 feet per aecoud, when the teinpi'iature is at 
fieeziug point, or Faliwonlieit. For oeiy ilegiee Fahieiilimt ot incnaHe of 
voniporaturo, the velocity incieaHOb by fioiu loot to tj^ leet per Becoutl, accoidinit 
different authorities. Taking the met east at 1 loot i>er second toi each degtee 
(which agrees closely with theoretical caioulatious), we have 


at 

^ 30“ Fahr 1()30 feet 

per sec 

-- 0 1951 mile per sec 

1 mile in 5.13 seconds. 

6i 

• 20“ 


1040 

“ 

•* 

^ 0.1970 

“ 

“ 

~ 1 “ 

5.08 

II 

« 

— 10“ 


1050 

“ 

« 

- 0.1989 

“ 


=. 1 “ 

.5 0.3 

II 

a 

0 


1060 

“ 

“ 

•= 0.2008 



=.1 e 

4 98 

II 

a 

10“ 


1070 

“ 

« 

0.2027 

“ 

« 

“ 

4.93 

1) 


20“ 


1080 


« 

0 2045 

“ 

« 


4 88 

ii 


32“ 

“ 

1092 


• a 

= 0.2068 

« 

M 

1 « 

4 83 

<1 

a 

40“ 


1100 


u 

— 0.2083 

« 

« 

«= 1 « 

4 80 

»i 

«c 

50“ 


1110 

“ 

« 

“ 0.2102 

« 

“ 

1 « 

4 78 

'(1 

4< 

60“ 


1120 


« 

=- 0.2121 

“ 

“ 

n=l « 

4.73 

<1 

li 

70“ 


1130 



= 0.2140 

“ 

« 

-I “ 

4 68 

M 


80“ 

“ 

1140 

“ 

“ 

0 21,59 

*‘ 

“ 


4.63 

11 


90“ 

“ 

1150 


« 

0.2178 

«■ 

“ 

- 1 “ 

4.59 

‘1 

H 

100“ 


1160 


« 

0.2197 

“ 

“ 

1 « 

4 55 

II 


110“ 


1170 

« 

“ 

0.2216 

“ 

« 

^ 1 “ 

4 51 

II 

** 

120“ 


1180 

“ 

“ 

= 0.2235 

“ 

“ 

^ 1 “ 

4.47 

“ 


If the air is calm, fog or rain doos not appreciably affect the result; hut winds do. 
Very loud sounds appear to travel Honiewhat (aster than low onoH. Tlie watchword 
of seiitinels has been hoard across still water, on a calm night, 10)4 miles; and a 
cannon 20 miles. Separata sounds, at intervals of of a second, cannot be distin- 
guished, but appear to be connected. The distances at which a speaker can be 
anderstood, in fiont, on one side, and bi-liliid him are about as 4, 3, and 1. 

Dr. Charles M Cresson tntorms the writer that, by repeated trial*, he found that 
in a Philadelphia gas mein 20 inches diameter and ItKKK) feet long, laid and covered 
In the eariu, but empty df gas and having one horizontal bend of 1*0“, and of 40 feet 
radius the souud of a pistut-shut travelled 16000 feet iu precisely 16 seconds, or 1000 
feet per second. The arrival of the sound was baiely audilile; but was rendered 
very appatent to the eye by its blowing oft a diaiihragm ot tissue-paper placed over 
the end of the main. 

Two boats anebored some distance apart may serve a* a biise line for 
triangulating olrjects along the coast; the distance between them being flist found 
by firing guns on board one of them. 

In water Ibts velocity is about 4708 feet per second, or about 4 timet that 
in air. In woodt^ it is from lU to 16 times; and In metalt^ from 4 to 16 times 
greater than in air, according to some authoritleB. 



HM. %Yl 


Approximate expansion, of solitlH by beat; and tbelr melt- 
ing points by PabrenhelVs tbermometer4 



that, fraction irf its original length which a prismatic bar, of that material, 
gains or loses, for each degree, Cent, or Fahr. respectively, of change in its 
9 5 

temperature. Then: Oj =» ^ ar; Of — 

The^ coefficient is practically constant at ordinary temperatures. 

The force, exerted longitudinally by such a bar, m expanding or con- 
tracting, is P = atEF, wheie a ^ coefficient, as above; t — ^ange in 
temperature, in degrees ; E — elastic modulus (.‘«ee p 456) ; F = area of 
cross section. The work, done by this force, in expanding or contracting 
the bar, of original length, L, through the length, I, ih W PI ^ P hat ^ 
aU^EFL. 

The Niiperflcial expaiiMion cooflieiciil (ratio of change of area 
of a surface to its original area^ == about 2a; volninnar coefHcleiit 
— about d a; aasuming that the linear coefficient is the same in all directions. 

Heat of a eoiiiiii4»ii wood lire vaiiously estimated at from 800® to 
1140® Fahr.; charcoal lire, about 2200® F.; coal fire, about 24(X)® F. 


« By adding part to tlie longths in the two ools under 180°, we get the lengths eorrespondlng to 
I number ot degree* IhHn ISI)'’ ; or to ir».'l'’.(K( deg wlnoh niny be taken as about the exfremet 

of temp In the colder portions of the Pntled Stales. In the Middle States the extremes rarely reaok 
ins'll or part lein than ISO". 

No dependence whatever Is to he placed on results obtained by Wedgewood’s pyrometer. 

+ The table shows that the contraction and expansion of Atone will cause 
open joluia in winter ; nuil crushing of the mortar In summer, at ihb ends of long coping-stones. 

1 The melting: points are quite nneertain. We give the mean of 
the* liesl authorities. Assuming that with a change of temp of about 163", wrought Iron will alter its 
length 1 part in 916; this In a mile amounts to 6 764 ft, or about 5 ft ttJi ins; and in 100 ft to .109 of a 
foot: or IH ins; so that a dlff of 5 ft, or more, can readily result from messurlng s mile In wlntw 
sad In summur with the same ohsln ; and a 26 ft rail will change Its length full h of au Inch. 
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THERMOMETEBS. 


THEEMOMETEES. 


Let C,R.F the given reading, in degrees Celsius (Cenhgrade), Rdaumur, 

ahrenlieit. respectively. Then (See tables 1, 2, 3, below) : 


I C - I {F ■ 


bus. let F =- —40. Then C - (- 40 — 32) 40. For ex|mn- 

ion cocfliciMits, see p 317. 

Below about -37° C (= -30“ U - —33“ F). the mercunal thermometw 
id barometer become irregular. Mercury begins to freeze at about — 4U L 
32° li =• — 40“ F. Below this temperature alcohol is used. 

TABLE 1. F»hreiilieltc«m!>are<l wIthCenfijpradoBMd R^'an- 

lur. Ill this table the Cent and Kc.iu loadings are given to the neareht drciniHl. 

FT |~€7 I R. I r. I C^\ R. I F. I €. I R. I F. I €. I 11. | F. 1 <\ | R. 


100 800 
1 »9.4 79 6 
I 98 9 79 1 
98.7 78 7 
I 97 9 78 2 
97 2 77 8 
9«.7 77 3 

98.1 76 9 

95.6 7h4 
95 0 7b 0 
944 7.1 6 

93.9 75 1 
93 3 74 7 

92.6 74 2 

92.2 7i8 

91.7 73 8 
91 1 72 9 

90.6 72 4 

90.0 72 0 
89.4 71 6 

88.9 71 1 

89.3 70.7 
87 8 70 2 
HT 2 69.8 
86 7 69.3 
HBl 68.9 

85.6 68.4 

85.0 68 0 

84.4 67.6 

83.9 67.1 
83 3 66.7 

82 a 66.2 

82 2 65.8 
81 7 65.3 

81.1 64.9 

80.6 64.4 

80.0 64 0 

79.4 63.6 

70.9 63 1 

78.3 62,7 

n.» 62.2 

77 2 61.8 

76.7 61 3 
70 1 60.9 

75.6 60 4 
75 0 60.0 

74.4 59.6 
I 73 9 59.1 

73.3 68 7 

72 8 58.2 

72.2 57 8 
7I.T 67 8 

71.1 66 9 

70.6 66.4 


40 0 32 0 50 

39 4 81 6 49 

8«9 31.1 48 

.88 3 30 7 47 

87 8 30 3 46 

37 2 29.8 45 

36 7 29.3 44 

86 1 29.9 43 

35 6 28 4 42 

35 0 28.0 41 

84 4 27 B 40 

33.9 27.1 39 

33.3 26 7 88 

32 8 26.2 87 

32 2 2'. 8 86 

81.7 25 8 85 

31 1 24.9 34 

80 6 24 4 8.3 

80.0 24 0 32 

29 4 23 8 81 

28 9 23 1 .30 

28.3 22.7 29 

27.8 22.2 28 

27.2 21 8 27 

26 7 21.3 26 

26 I 20.0 25 

25 6 20.4 24 

25.0 20 0 23 

24.4 19 6 22 

2.1.9 19 1 21 
23 3 18.7 20 

22 8 18.2 19 

22 2 17.8 18 

21.7 17 3 17 

21.1 16.9 16 

20.6 16 4 15 

20.0 16 0 14 

19 4 15 6 13 

lB.e 16.1 12 

IS 3 14.7 11 

17.8 14 2 10 

17.2 18.8 9 

16.7 13.8 8 

16.1 12.9 7 

15.6 12 4 6 

15 0 12.0 f. 

14.4 11.6 4 

18 9 11.1 8 

13 3 10.7 3 

I 12 8 10.2 1 


—•'9 4 —23 6 
; -30.0 -24 0 
I -.30 6 -24.4 
-31 I -24 9 
I —31.7 -25.3 
i —32.2 -26.8 
-.32 8 —26 2 
1 -33.3,-26 7 
I —33.91-27.1 
) -34.41-27 6 
1 — 35 0 !— 28.0 
! —35 61-28.4 
» -36 1!— 28.9 
I _36 7 —21) 8 
) — 37 2 1— 29 6 
b —37.81—30 2 
? _8H 3 1—30.7 
B _38 9l-8U 

9 -39.41-314 

0 -40.0 —32.0 

1 -40.6 -32.4 

2 -41.1—32.9 

3 —41,7—38 8 

4 —42.2!- 8.3.8 

5 -42.81—34 2 

6 - 43.8 —84.7 

7 -48.9 -85.1 

10 .44.4 -35.6 
!9 —45.0 —86.0 
,0 _4f)6-:i6.4 

11 -46 1,-86.9 
)2 -46 7,-37.5 
>3 -47.21-87.8 
)4 -47.81-884 
>5 —48.3 -8».» 



THERMOMETEES. 319 


TABLE 3, Ceiitlg^rade comimrod wltli Fnlironlielt and 




c. 

r. 

1 R. 

C’. 

F. 

K. 

F. 

F. i 

R. 

LSi 

F. 

1 B. 

0 

0 

1 “ 

0 

0 

C 

O 

o 

O 

1 o 

0 

1 0 


ExHCt. 

Ex.ict. 


Exact. 

Exsu't. 


Exact. 

Exact. 


Exact. 

Exact 

(00 

212 0 

800 

62 

14.1.6 

49 4. 

24 

75.2 

19.2 

-14 

68 

-11.2 

89 i 

210.2 

79 2 

61 

141 8 

48 8 

23 

7.14 

18.4 

-15 

5.0 

-12.0 

98 1 

208 4 

78 4 

60 

140 0 

48 0 

22 

71 6 

17.6 

-16 

8 2 

- 1'2.8 

97 j 

206 6 

77 6 

69 

138 2 

47.2 

21 

69 8 

16 8 

-17 

1 4 

—1.8.6 

96 

20 i 8 

76 8 

58 

136 4 

46 4 

20 

68.0 

16.0 

-Ifi 

-0.4 

-14.4 

95 

201 0 

76.0 

.57 

1.116 

45 6 

19 

66 2 

15.2 

! —19 

—2.2 

-15.2 

94 

201 2 

75 2 

56 

1.12 8 

44 8 

18 

64 4 

14 4 

-20 


-16 0 

93 1 

109 4 

74 4 

55 

131 0 

44 0 

17 

62 6 

13 6 

—21 

—5 8 

-16.8 

92 j 

197 6 

6 

54 

129 2 

43 2 

16 

6t8 

1-2.8 

—22 

-7 6 

-17.6 

91 1 

1%8 

72.8 

5.3 

127 4 

42.4 

15 

59 0 

12 0 

—2A 

-9 4 

- 18 4 

90 1 

194 • 

72 0 

52 

12.5 6 

41 6 

14 

57.2 

11.2 

—24 

-11.2 

-19 2 

80 1 

192 2 

71 2 

51 

12118 

40 8 

13 

5d.4 

10 4 

-25 

-13 0 

-•20.0 

68 

190 4 

70 4 

50 

122 0 

40 0 

12 

53 6 

96 

—•26 

-14.8 

-•20 8 

87 1 

168 6 

69 6 

49 

120 2 

39.2 

11 

51 8 

88 

-27 

—16 6 

-21.6 

86 1 

186 H 

688 

48 

1184 

38 4 

10 

50.0 

B.O 

-28 

-18 4 

-22.4 

85 ' 

IHj 0 

68 0 

47 

1)4.6 

37 b 

9 

48 2 

7.2 

-•29 

-20 2 

—‘23.2 

84 

18 1 2 

4.7 2 

16 

114 8 

36 8 

8 

46 4 

6.4 

-30 

—•22 0 

-24.0 

8.1 

161 4 

416 4 

45 

ino 

34.0 

7 

44 6 

5.6 

—HI 

-•2;i8 

—24.8 

82 

179 6 

65 6 

44 

111 2 

35 2 

6 

42 8 

4.8 

-32 

-•25.6 

-26 6 

81 

! 177 8 

64 8 

43 

1(19 4 

34 4 

5 

41 0 

1 4.0 

-33 

—‘27.4 

1 -36 4 

80 

176 0 

54 0 

42 

107 6 

316 

4 

.89 2 

8.2 

-84 

-•29 2 

1 —27.2 

79 

t 174 2 

63 2 

41 

105 8 

.H2 8 

3 

37 4 

24 

-35 

-81 0 

1 — 2S.0 

78 

172 4 

62 4 

40 

104 0 

32 0 

2 

35 6 

1 6 

-86 

-82.8 

; —28 8 

77 1 

170 6 

61 6 

30 

102 2 

.81 2 



0 H 

—37 

>84 6 

-•29.6 

76 ! 

166 8 

4>0 6 

.48 

100 4 

341 4 

0 

32 0 

0.0 

-38 

-36.4 

-80.4 

75 

1 167 0 

60 0 

37 

98 6 

29 6 

-1 

30.2 

-0.8 

-.89 

-.88.2 

-81 2 

74 

16c5 2 

59 2 

36 

968 

28 8 

—2 

28 4 

-1 6 

—40 

—40.0 

-32 0 

73 

16.4 4 

58 4 

35 

95 0 

28 0 

—3 

266 

—2.4 

-41 

-41 b 

-.82 8 

72 

161 6 

57 6 

34 

9.12 

27 2 

—4 

•24 8 

-3 2 

—42 

-43 6 

-83.6 

71 

159 8 

5b 8 

33 

91 4 

2b4 

—5 

•23 0 

-4 0 

-4.8 

-45 4 

-34.4 

70 

i:i8.0 

54. 0 

32 

KU.6 

2.5 6 

-6 

•21.2 

-4 8 

-44 

-47 2 

-35.2 

69 

! i:.6 2 

55 2 

31 

87 8 1 

24 8 

-7 

19 4 

—56 

-45 

-49 0 

1 -860 

68 

1.54 4 

5t 4 

30 

860 

21 0 


17 6 

-6.4 

-4() 

-50 8 

1 -36 8 

67 

[ 152 b 

51 6 

29 

81.2 

2.1 2 

~9 

15 8 

-7 2 

-47 

-52 6 

-37.6 

66 

i 150 8 

52 8 

28 

82 4 

2 ‘2 4 

—10 

14 0 

-8 0 

—48 

-54 4 

-38.4 

65 ' 

' 149 0 

52 0 

27 

80 6 

21 6 

-11 

12.2 

—8 8 

—49 

- 56.2 

-39.2 

64 1 

1 147 2 

nl 2 

26 

78 8 

20 8 

-12 

10 4 

-9 6 

-50 

-58 0 

-406 

63 I 

! 145 4 

50 4 

25 

77.0 

20.0 

-1.1 

86 

-10.4 





TABLE 3. K^auiiitir <‘om|>ared wifli Falireiilioit and 

dUr 


Oiiti^ra dy. 


KXHpt 
21 1 00 
•ZOt.75 
2C7 oO 
VOO 'I'j 
!i0 ( 00 
200 75 
lOM so 
lOe 25 
104 00 
101 75 
IHO 50 
lh7 25 
1H5 00 
1H2 75 
4K0 50 
n« '5 

170 00 

171 75 
171 50 
liiO 25 
167.00 

161 75 

162 50 
160 25 
15K00 
155 75 

150 50 

151 25 
140 00 
146.75 
144 50 


Ex net 
100 00 
06 75 
97 50 
06 25 
95 00 

9.1.75 

02.50 

01.25 
90 00 
6K 75 
67 50 
H6 25 

65 00 
63 75 
62 50 
61 25 
« 00 
76 75 

77.50 
76 25 

75.00 
73 75 

72.50 
71 25 

70.00 

66 75 

67 50 

66.25 
65 00 

63.75 

62.50 


F. 

1'. 

R. 

F. 

i\ 

R. 

F. 

c\ 

o 

o 

o 

O 

o 

0 

0 

0 

Exact. 

Exact 


Exact 

Exact. 


Exact 

Exact 

142 ‘25 

61 -25 

19 

74 75 

2.8 75 

-11 

7.-25 

-13.76 

140 00 

60 00 

18 

72.50 

22.60 

—12 

5.M 

-15.00 

1.57 75 

58 75 

17 

70 *25 

•21 -25 

-18 

2.75 

-16 25 

1.8.5 oO 

57.50 

16 

68 00 

20 00 

—14 

0..80 

-17.50 

13.8 -25 

.86 •25 

15 

6.8 75 

18.75 

—15 

-1.75 

-18.75 

1.11.00 

55 00 

14 

6.4 50 

17.50 

—16 

-4 00 

—20.00 

128 7j 

.8.1.75 

1.8 

61 -25 

16 ‘25 

-17 

”6 "25 

-21.25 

r26 50 

52 50 

12 

69 00 

15.00 

-18 

-8.50 

-22.6t' 

1-24 25 

51 -25 

11 

56 75 

18 75 

-19 

-10 75 

-23.75 

122.00 

50 00 

10 

54 50 

12.50 

-•20 

-13.00 

-25 00 

1)9 75 

48 75 

9 

52 -25 

11. -2.8 

-21 

-1.8.‘2,8 

-26 25 

117 50 

47 50 

8 

50 00 

10 00 

-22 

—17 .80 

-27 66 

115-25 

46 25 

7 

47.75 

8 75 

-•23 

-19 75 

-•28.75 

11.8 00 

45 00 

6 

45 50 

7.50 

—24 

-22.00 

-30.00 

110.75 

43.75 

6 

4-1 -25 

625 

-•25 

-24.25 

-31,25 

108 50 

42 50 

4 

41.00 

500 

-26 

—26.50 

-32.60 

106.-25 

41 ‘25 

3 

88.7.8 

3 75 

—27 

-28.75 

-33.75 

104 00 

40 00 

3 

36.50 

2.60 

- 28 

-81.00 

-35 00 

101.75 

.88 7.8 

1 

84,'25 

l.'2.8 

—29 

-S3 2j 

-.86.‘25 

99.50 

87 :>o 

0 

32 00 

000 

—30 

— .85..80 

-87.60 

97. •25 

36 -25 

-1 

29.75 

-1.25 

-31 

-37.75 

-38 75 

95.00 

35 <N) 

—2 

27.50 

-2..80 

-32 

-40 00 

-40 00 

92.75 

33 75 

—3 

25.-25 


-33 

-42 ‘25 

—41.25 

90.50 

3.' .80 

—4 

23 00 

-5.00 

—34 

-44.60 

-42.60 

88-25 

31 -25 

—5 

20 75 

— B.‘25 

-85 

—46.75 

—43.76 

86.00 

30 INI 

-6 

18 50 

-7.50 

-36 

-49 00 

-45 00 

a8.75 

•28 7.1 

-7 

16.25 

—8 75 

—37 

-61 -25 

— 46.*25 

81 ..50 

27 .80 

• 8 

14.00 

—10.00 

-38 

-53 50 

-47.60 

79.-25 

26 <5 

—9 

11.75 

—11. -25 

-39 

—.85.7.8 

-48.75 

77.00 

25.00 

-10 

9.50 

—12 50 

-40 

-58.00 

-5001 



Are.-ATMOSPHERE. 

The atmo«(|ifiere In known to extend to at least 45 miles 

tbove the earth. It is a mixture of about 79 measures of nitrogen gas and 21 
of oxygen gas; or about 77 nitrogen, 23 oxygen, by weight It generally oou- 
|taios, however, a traee of water, and of carbonic acid and carburetted hydrogen 
igases, and still less ammonia. 

Density of air. Under “ normal” or “standard” conditions (sea level, 
lattS^^, barometer 760 mm — 29.922 ins, temperature U°C--32°F) dry air 
weijirhs 1.292G73 kilograms per cubic meter * 2.17888 lbs avoir per cubic yard. 

For other lals and elevations— 

Density, in kg per cu m, =. 1.292673 X X '(1—0.002837 cos 2 lut)* 

where R = earth’s mean radius = 6,366,198 meters; A =• elevation above sea 
level, in meters. For other teraperatiire.s, see below. 

Under normal conditions, but with 0 04 parts carbonic acid (C Oj) in 100 parts 
of air, density -= 1 293052 kg per cu m.f == 2,17952 lbs avoir per cu yd.J 
The atmospheric pressure, at any given place, may vary 2 inches or 
more from day to day. The average preMMurc, at sea level g vanes from 
about 745 to 770 millinieters of mercury according to the latitude and locality. 
760 millimeters* Ls generally accepted as the mean atiuo.sphcric pressure, and 
called an atmosphere. Tlie‘* metric atmosphere.*’ taken arbitrarily 
atl kilogram per square centimeter, is in general use in Continental Europe. 
The pressure diminishes a.s the altitude increases.! Therefore, a pu!ni» in a high 
region will not lift water to as great a height as in a low one. The i)rcssure of 
air, like that of water, is, at any given point, cijual in all directions. 

It is often stated that, the temperature of the atmosphere lowers at 
rate of 1° Fah for each 800 feet of ascent above the earth’N Niirface: 
hut this is liable to many exceptions, and vanes much with local canses. Actual 
observation in balloons seems to show that, up to the first 1000 icet, P in about 
200 feet is nearer the f ruth ; at 2000 feet, 1° in 250 feet ; at 40(H) feet, 1*^ in 300 feet; 
and, at a mile, 1° m 350 feet. 

In hreathtuK', a grown person at rest requires from 0 25 to 0 35 of a cubic 
foot of air per minute; which, when breathed, vitiates from 3.5 to 5 cubic feet. 
When walking, or liard at work, ho breathes and vitiates two or three times as 
much. About 5 cubic feet of fre.sh air per person fier minute are required lor the 
perfect ventilation of rooms in winter ; 8 in suiumer, IJosiiitals 40 to 80. 

Beneath the (general level of the surface of the earth, in temperate 
regions, a tolerably uniform temperature of about 50'^ to 60° Fah exists at 
the depth of alwut 50 to 60 feet ; and increases about 1° for each additional 50 to 
60 feet; all subject, however, to considerable deviations owing to many local 
causes. In the Rose Bridge Colliery, England, at the dcptli of 2424 feet, the 
temperature of the coal is 93.5® Fah ; and at the bottom of a boring 4169 leet 
deep, near Berlin, the tem|)erature is 119° 

The air Is a very slow conductor of heat? hence hollow walls 
serve to retain the heat in dwellings; besides keeping them drv. It riinhes 
into a vacuum near sea level with a velocity of about 1157 feet per second ; 
or 13.3 miles per minute; or alwit as fast as sound ordinarily travels through 
quiet air. See Sound. 

Like all other elaHtic flni«1.<i. air expands equally with 
eqnal increases of temperature. Every mciease of 6° Fah, expands 
the bulk of any of them slightly more than 1 i.er cent of that w hich it has at 0° 
Fah ; or 500° about doubles its bulk at zero. '1 he bulk of any of them diminishes 
inversely in proportion to the total prcNsure to which it is subjected. 

This holds good with air at least up to pressures of about 750 ttis per square 
inch, or 50 times its natural pressure ; the air in this case occupying one-fiftieth 
of its natural bulk. In like manner the bulk will increase as the total pre8.siire 
is diminished. Substances which follow these laws, are said to be perfectly 


♦H. V. Regnault, M^moiresde I’Acadfimie Royale des Sciences de I’lnstitut de 
France, Tome XXI, 1847. Translation in abstract, Journal of Franklin Insti- 
tute, Pfaila., June, 1848, 

ftravaux et M6moires du Bureau International des Folds et Mesure.s, Tomel 
page A 54. Smithsonian Meteorological Tables, 1893, published in Smithsonian 
Miscellaneous Collections, Vol. XXXV. 1897, * Dumnsonian 

I See Conversion Tables. 

I See Leveling by the Barometer. 
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elastic. Under apressnre of about 5^ tons per square inch, air would become 
as dense as water. Since the air at the surface of the earth is pressed J4% lbs per 
square inch by the atmosphere above it, and since this is equal to the weight of a 
column of water 1 inch square and 34 feet high, it follows that at (he depths oi 
84, 68, 102 feet, «tc, below water, air will be compressed into U, %, V, Ac, 
of its bulk at the surface. 

In a divin;;^>bell. men, after some experience, can readily work for several 
hours at a depth of 51 feet, or under a pressure of 2^ atmospheres ; or 37}^ fl>s 
per square inch. But at 90 feet deep, or under 3.64 atmospheres, or nearly 56 
ms per square inch, they can work for but about an hour, without serious suffer- 
ing from paralysis, or even danger of death. Still, at the St Louis bridge, work 
was done at a depth of 110)4 feet ; pressure 63.7 lbs per square inch. 

Tile dew point is that temp (varying) at which the air deposits its vapor. 

The yrreateNt heat »f the air In the snn probably never exceeds 
l-lo^ Fall , nor tlie greate>.t cold — 74° at night. About 130° above, and 40° below 
zero, are tlie extremei, m tlie U. S east of the Mississippi; and 65° below in the 
N. VV.; all at eonumm ground level. It is stated, however, that — Sl° has tieen 
observed in N. E. Siiieria; and +101° Fall in the shade iii Paris; and +153° in 
the sun at (ireenwich Observatory, both in .Tiily, 1881, It has frequently ex- 
ceeded +100° Fah in the shade in Philadelphia during recent years. 


WIND. 

The relation between the velocity of wind. an«l its press- 
ure against an obstacle jilaoed either at right angles to its course, or fncliried 
to It, has not lieeu weH determineii ; and still less so its pressure against curved 
surfaces The pre.ssure against a largo surface is probably proportionally greater 
than against a small one. It is generally supposed to vary nearly as the squares 
of the velocities; and when the obstacle is at right angles to its direction, the 
pressure in lbs per square foot of exposed surface is considered to be equal to 
the square of the velocity in miles per hour, divided by 200. On this basis, 
which IS jirobaidy quite defective, tlie following talile, as given !)y Smeaton, is 
prefture<l. See also pp 710, 711, 713, 714, 758. 759, 764. 


Vel. in Miles 1 

Vel in Ft. 

Pres. In Lbs. j 


per Hour i 

per Soo. 

perSq Ft. | 



1 

1 tf.7 

005 1 

Hnrdiv perceptible. 


2 

2 OTI 

i 1 

Pleasant. 


3 

4 too 

Ol.'i 


4 

5 H(n 

OKO 


1 1 

5 

10 

7 .W 

H 07 

125 1 

.5 



15 

iH.:i.3 1 

781 

Fresh breeie. 

0 

22. 

] 125 



20 

20 33 

2 

Brisk aind 

The pres against 

25 

:1K 67 

3 125 

a semioylindneal 

'10 

44 

4 5 

Strong wind. 

surface acl> norn 

40 

58 67 

8 

High wind. 

IS about half that 

50 

7.1 X\ 

12 5 

Storm 

against the fiat 

60 

m 

I*!. 

Violent storm. 

surf abnm. 

80 

117 '1 

32 

Hurricane 


100 

146 7 

60. 

Violent hurricane, 

uprooting large trees. 


TrcdK^old rcconiincnds to allow 40 IbM per sq ft of roof for the 

proa of wind aKaiunt It ; but ns roofs are constructed with n slope, and consoquentlj do not receive 
the full foroe of ttie wind, tills Is plninly Um much * Morcoier, only oue-hall of a roof is usually ex- 
jmsed. even thus partially, to the wind. Piobably the force in sunh cases vai les approxiraalely as the 
ainea of the angles of sloi)''s AcooidliiK to observations in I.ivcrpool, in 1S60, a wind of 38 miles per 
hour, proiluced a pres of 14 lbs per sq ft aitainst an object perp tc It: and one of 70 miles per hour, 
{the severest Rale on record lU that eitv.) n lbs per sq foot. These would make the pres per sq ft, 
more nearly equal to the square of the vel iii miles jier hour, div by 100, or nearly twice as Rreat as 
given In Smeaton's table. We should ourselves give the preference to the Llverpofd obsen atlons, A 
very violent gale In Scotland, registered bv an evcelleiit anemometer, or wind-gauge, 45 tbs per sq 
ft. It is .stated that as high as 55 lbs has been observed at Glasgow. High winds ofU'n lift roofs. 
The gauge at Girard College. Philoda, broke under a strain of 42 lbs per sq ft; a tornado passing 
at the moment, within mile 

By inversion of Smeaton's rule, If the foroe In lbs per sq ft, be mult by 200, the sq rt of the prod 
will give the vel in miles per hour 


* The writer thinks 8 lbs per sq foot of ordinarif double-tloping rooft, or 16 lbs for $ked-ro<t/lt, suffl 
elent allowanoe for pres of wind. 
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The annnal precipitation* at any given place varies greatly from 

y^r to year, the ratio between maxiinuiu and niiuimuiu being frequently greater 
than 2:1, Beware of averafir««* I" estlmating^iMx/f, take the maximum 
lalis, aua In esiimatingu'ater sup/>/,v, the wwwmMw, not' only per annum, but for 
short iHiriods. lu estimating water supply, make deductions for evaporation 
and leakage. 

Maxima and minima deduced from observations covering only 4 or 6 years are 
apt to he misleading. Data covering even 10 or more years may just mi«s includ- 
ing a very severe tlood or drought. Records of from 16 to 20 yeais may usually 
be accepted as sufficient. 

Table 1. A veraire Precipitation * f in the United Ntatea, in ins. 

(From Bulletin C of U. S. Department of Agriculture, compiled lo end of 1801. ) 

Suie. Spr. Sum. Aut. Win. Anu'l State. Bpr. Sam. Aiit. Win. Ann’l 

Alabama 14.9 13.8 10 0 14 9 63 6 Montana 4.2 4 9 2 6 2 3 14.0 

Arizona 1.3 4.3 2.2 3.1 10 9 Nebraska 8.9 10 9 4 9 2 2 26.9 

Arkansas 14 3 12 5 11.0 12.8 50 6 Nevada 2 3 0 8 1.3 3 2 7.6 

California 6.2 0 3 3 5 11.9 21 9 I N. llampshiie. 9 8 12 2 11 4 10 7 44.1 

Colorado 4.2 6.5 2 8 2 3 14 8 | New .Ici.sev 11.7 13 3 112 111 47.3 

Conneclicul 11.1 12 r> 11 7 11..) 46 8 1 New Mexico...^ 1.4 6 8 3 6 2 0 12.7 

Delaware 10 2 110 10 0 9 6 40 8iNew Yoik 8.5 10 4 9.7 7 9 36 6 

Dist. <.'olumbia.ll 0 12.4 9.4 9 0 41.8 i N. Oaiolina 12 9 16 6 12 0 12.2 63.7 

Florida 10.2 214 14.2 9 1 54.9 N. Dakota 4 0 8 0 2 8 1.7 17.1 

Georgia 12.4 15 6 10 7 12 7 51.4 ! Ohio 10 0 11 9 9 0 9.1 40.0 

Idaho 4 4 2 1 3.6 7.0 17 1 I Oregon 9 8 2 7 10 6 21 0 44.0 

Illinois 10 2 11 2 9.0 7.7 38 1 iViins^ lvaiii.i...ia 3 12 7 10 0 9.5 42.6 

Indiana 11.0 11.7 97 103 42 7 Rhode I-.laud...ll 9 lU 7 117 12.4 46.7 

Indian T’y 10.6 11.0 8 9 6.7 36.2 Ls. Carolina 9 8 16 2 9 7 9 7 45,4 

Iowa 8,3 12 1 8.1 4.1 32 9 , K Dakota 7.2 9 7 3 5 2 6 22.9 

Kansas 8 9 11.9 6 7 3.6 3) 0 1 Tenne.s.seo 13,5 12 6 10 2 14 5 60.7 

Kentucky 12 4 12 5 9 7 11.8 46 4 [ Texas 8.1 8 6 7.6 6 0 30.3 

LoiiiMaiia 13,7 16 0 10 8 14.4 .53.9 I tali \A 1 6 2 2 3 5 10.6 

Maine 11.1 10 5 12.3 11. l 45 0 1 Veimoiit 9 2 12,2 11.4 9 3 42.1 

Maryland 11.4 12 4 10.7 9 5 41 0 | Viigiiiia 10.9 12 6 9.5 9.7 42 6 

Massachusetts.,.! 1.6 11.4 119 11.7 46.6 1 Washiiigton 8 6 3 9 10.6 16 8 39.8 

Michigan 7 9 9 7 9.2 7,0 33.8 i W. Virginia 10 9 12 9 9 0 10.0 42.8 

Minnesota 6 5 10.8 5.8 3,1 26 2 j Wisconsin 7 8 11.6 7.8 6 2 32.6 

Mississippi 14.9 12 6 10 1 1.5.4 53 0 i Wyoming 4 3 3..5 2.2 1 6 11.6 

Missouri 10.0 12.4 9.1 6 5 38.0 1 United States... 9.2 10.3 8.3 8.6 36.3 

At Philadelphia, in 1869, during which occurred the greatest drought known 
there for at lea-st 50 years, 43 21 inches fell ; August 13, 1873, 7.3 inches in 1 day ; 
August, 1867, 15.8 inches in 1 month; July, 1842, 6 inches in 2 hours; 9 inches 
per month not more tlian 7 or 8 times in 25 years. 1 roin 1825 to 1893, greatest 
in one year, 61 inches, in 1867 j least, 30 iiiche^s, In 1825 and 1880. At Noriistown, 
Peniisylvauia, in 1865, the writer saw evidence that sit least 9 inches fell within 
6 hours. At Genoa, Italy, on oneoceaslon, 32 iuelies fell in 24 hours ; at Geneva, 
Switzerland, 6 iuclies in 3 hours; at Maiseilles, Fiance, 13 inches in 14 hours; 
in Chicago, Sept., 1878. ,97 inch in 7 minutes. 

Near Uondon, Engplandythe mean total fail for many years Is 23 inches. 
On one occasion, 6 inches fell in liours! In the mouiiiiiin districts of the 
English lakes, the fall is enormous; reaching in some yeais to 180 or 240 inches; 
or from 15 to 20 feet! while, in the adjacent neighhoriiood, it is hul 40 to 60 
inches. At Liverpool, the average is 34 inches; at lalinburgh, 30: Glasgow, 22; 
Ireland, 36; Madras, 47; Calcutta, 60; iiiaximtim for 16 years, 82; Delhi, 21; 
Gibraltar, 30; Adelaide, Australia, 23; West Indies, 36 lo 96; Home, 39. On the 
Khassya hills north of Calcutta, 600 inches, or 41 feet 8 inche.s, have fallen in the 
6 rainy months ! In other mountainous districts of India, annual falls of 10 to 
^ feet are coiiinion. 

A moderate steady rain, oontiiuiing 24 hours, will yield a depth ofabnut an inch. 

Ah a general rule, more rain falln in warm than in cold 


♦ Precipitation includes snow, hail, and sleet, melted. 

fUniuclied snow is here estimated at lU inches snow = 1 inch rain. But see 
Rainfall »M|ui valent of snow,” p .324. 
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tties, hoiiever, sometimes reverse this; and also cause great diflFerences In the 
amounts iu places quite near each other; as In the English lake districts just 
alluded to. it is sometimes ditficult to account for these variations. In some 
lagoons in New Granada, South America, the wiiter has known three or four 
heavy rain.; to occur weekly for some months, during which not a drop fell on 
hills about llMK) feet liigh, within ten miles’ distance, and within full sight. At 
another locality, almost a dead-level plain, fully three-quarters of tiie rains that 
fell for two years, at a sjkiL I wo miles fiom liis residence, occuried in the morn- 
tug; while those which toll about throe miles from it, in an opposite direction, 
wore ill the atternooii. 

The relation between precipitation and stream-flow is greatly 

affected by t lie existence ot forests oi ciops, by the slope aiul ch.iracicrof ground 
on the watci-shed, especially as to rate of abscuptioii, by the season of the year, 
the frost in the gronml, etc. The stream-tlow may ordinarily be taken as vary- 
ing between 0 2 and 0 8 of the raint.ill. Streams in limeHtonc regions liequently 
lose a ven large propoi tioii of Ihcir flow through subterranean cavcins. 

Assuming a tall oi 2 feet in 1 year ( = 7ti,H79 cuiuc feet per square mile i»r 
day), that half the raiiilall is availaltle for water supply, ami that a per capita 
consumption of 4 cubic feet { — at) gallons) per day is sufficient, one square mile 
will supply 19,095 persous ; or a squaic of 58.25 feet on a side will supply one 
person. 

An Inch of rain amonntN to cubic feet; or 271.55 TJ. S. 

gallons; or 101.3 tons per acre; or to 2{232(i0 cubic feet; or 17378743 U. S. gal- 
lons; or 61821 tons per square mile at (i2‘4 lbs per cubic foot. 

The most destructive rains are usually those which tall upon snow, under 
which the ground is Irozeii, so as not to absorb water. 

Table 2. Maxiinnm intennity of rainfall for periods of .5, 10, and 

60 minutes at Weather Itureaii stations equipped with self-registciiiitf 
gauges, compiled from all available records to the end of 1896. 

(From Bulletin D of U. S. Department of Agriculture.) 


Stations. 

Rate per hour for — I 

Stations. j 

Rate per hour for— 








1 

5 min. 

10 mins. 

60 nuns. 


5rain. 

lOmims. 

00 mims. 


Ins. 

Inches. 

Inches. 


In.s. 

Inches. 

Inches. 


Q 00 

6 00 

2 00 


6.60 

5.92 

1.60 


8 40 

6.00 

1.30 

Galveston 

6.48 

5.58 

2.55 

New Orleans 

8.16 

4.86 

2.18 

Omaha... 

6.00 

4.80 

1.65 

Milwaukee 

7.80 

4 20 

1 25 

Dodge City 

6.00 

4,20 

1.34 

Kansas City 

7.80 

6 00 

2.40 

Norfolk 

6.76 

5.46 

1.58* 

Washington 

7.50 

5.10 

1.78 

Cleveland. 

5.64 

3.66 

1.12 

Jacksonville 

7.44 

7.08 

2.20 

Atlanta 

5.46 

6.46 

1.60 

Detpdt ' 

7.20 

6 00 

2.15 

Kev West 

.5 40 

4.80 

2.25 

New York City. 

7.20 

4.92 

1.00 

Fhiladelpliia.. 

! .5.40 

4.02 

1.50 


6 72 

4.98 

1 68 

St. Louis 

1 4.80 

3.84 

2.25 


6.60 

6.00 

2.21 

rinciiinati 

4.56 

4.20 

1.70 

. .. 

6,60 

3 90 

1 60 

Denver. 

3.60 

.3.30 

1.18 

Memphis.... 

eioo 

4 ! 80 

1.86 

Duluth 

3.60 

2.40 

1.85 


The weisrht of freshly fallen snow, as measured by the author, 

varies fioiii about 5 to 12 ffis per cubic foot ; apparently depending chiefly uj>oni 
the degree of humidity of the air through which it had p.asscd. On one occasion, 
when mingled snow and hail had fallen to the depth of 6 inches, he found its 
weight to he 31 lbs per cubic foot. It was very dry and incoherent. A cubic foot 
of heavy snow may, by a gentle sprinkling of water, be converted into about 
half a cubic foot of slush, weighing 20 ib>.; which will uot slide or rnn ©fl 
from a shingled roof slo|)ing 30°, if the weather is cold. A wbtc block of snow 
saturated with water until it weighe<i 45 lbs per culnc foot, just slid on a rough 
board inclined at 4.5°; on a smoothly planed one at 30°; and on slate at 18°; aU 
approximate. A prism of snow, saturated to 62 lbs |>er cubic foot, one inch 
square, and 4 inches high, lN»re a weight of 7 lbs; which at first compressed 
it about one-quarter part of its leneili. Kiiroiiean engineers considcre lbs per 
square foot of roof to be sufficient allownnce for the weig^lit ot snow 
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and 8 !bs for the pressure of wind ; total. 14 The writer thinks that In the 
U. S. the allowance for snow should not be taken at less than 12 lbs ; or the total 
for snow and wind, at 20 lbs. There is no danger that snow on a roof will 
become saturated to the extent just alluded to; because a rain that would supply 
the necessary quantity of water would also by its violence wash away the snow; 
but we entertain no doubt whatever that the united jiressures from snow and 
Wind, in our Northern States, do actually at times reach, and even suniass, 
20 lbs per square tiait of roof. The limit oi 

r erjpctual itimw at the equator is at the height of about 16000 feet, or say 
miles above ftca-lcvel; in lat 45° north or south, it is aliout half that height; 
while near the poles it is about at sea-level 
llain Claiig;e*t. Plain cylindrical vessels are ill Jtflapted to service as rain 
ipuges; because moderate raiiKs, even though sufficient to yield a large run-off 
from a moderate area, are not of sufficient depth to lie satisfactorily measured 
unless the depth be exaggerated. T he inaccuiaey of uieusuremeut, always eoii'* 
giderable, is too great relatively to the depth. 

In its simplest and most usual foiiii, the gauge (see Fig.) consists essentially 
of a funnel, A, which receives the ram and leads it into a nieasuiing 
tube, B, of smaller cross-seetion. I’he funnel should have a vertical 
and fairly sharp edge, and, in order to nnnmnze the loss through 
evaporation, it should lit closely over the tube, and its lower end 
should bo of small diameter. 

The depth of water in the tube is ascertained by inserting, to the 
bottom of the tube, a measuring stick of some unpolished wood 
which will readily show to what depth it has been wet. The stick 
may be i>ermanently graduated, or it may be compared with an ordi- 
nary scale at each observation. The tube is usually of such diameter 
that the area of its cross-section, minus that of the stick, is one-tenth 
of the area of the funnel mouth. The depth of rainfall is then one- 
tenth of the depth as measured by tbe stick. 

DiMEKSiOMS OP SxAttDARD U. S. Weatuer BUREAU Eain Gauor. Ins. 

A. Receiver or funnel. Diameter 8 

B. Measuring tube. Height 20 ins. “ 2,53 

C (j. Overflow attachment and snow gauge. “ 8 

Such gauges, with the tubes carefully made from seamless drawn brass tubing, 
cost about $>.00 each; hut an intelligent and careful tinsmith, given the diineti- 
sioiis accurately, can construct, of galvanized iron, for about Itl.OO a gauge that 
will answer every purpose of the engiueer. 

The exposure has a very marked effect upon the results obtained. The 
funnel should be elevated about 3 ft, In order to prevent rain from snlashlng back 
into it from the ground or roof. If on a roof, tbe latter should be nut, and pref- 
erably 50 ft wide or wider, and the gauge should be placed as far a.s possible 
from the edges ; else the air currents, produceil by the wind striking the side of 
the building, will carry soiiieof the rain over the gauge. Noohjecis much higher 
than the gauge should be near it, a.s they produce variable air currents which 
may seriously affect its iu dicat ions. 

An overflow tank, C, should be provided, for cases of overfilling tbe tube. 
Water, freezing iu the gauge, may burst it, or force the bottom off, or at least 
so deform the gauge as to destroy its accuracy. 

To measnre snow, the funnel is removed, and the snow is collected in 
the overflow attachment or other cylindrical vessel deep enough to ;>reveiit the 
snow from being blown out, and the cross-sectional area of which is accurately 
known. The snow is then melted, either by allowing it to stand in a warm 
place, or, with less loss through cvaiKiration, by adding an accurately known 
quantity of hike-warm water. In the latter case, the vulunio of the added water 
must of course be deducted from the measurement. 

Rainfall equivalent of snow. Ten inches of snow are usually taken 
as equivalent to 1 in of ram; but, according to various autlioi Hies, tbe equiva- 
lent may vary between 2% and 34; i. c., between 25 and 1.84 lbs. per cubic foot. 
Nelf-recordina granfreft, of which several forms are on Ibe market, are 

S |uite exmnsive, and, even when purchased from regular makers, seldom per- 
ectly reliable. Gauges using a small tipping bucket register inaccurately in 
heavy rains ; those using a float are limits as to the total depth which they can 
register; while those which weigh tbe rain, if exposed, are affected by wind. 
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tties, hoiiever, sometimes reverse this; and also cause great diflFerences In the 
amounts iu places quite near each other; as In the English lake districts just 
alluded to. it is sometimes ditficult to account for these variations. In some 
lagoons in New Granada, South America, the wiiter has known three or four 
heavy rain.; to occur weekly for some months, during which not a drop fell on 
hills about llMK) feet liigh, within ten miles’ distance, and within full sight. At 
another locality, almost a dead-level plain, fully three-quarters of tiie rains that 
fell for two years, at a sjkiL I wo miles fiom liis residence, occuried in the morn- 
tug; while those which toll about throe miles from it, in an opposite direction, 
wore ill the atternooii. 

The relation between precipitation and stream-flow is greatly 

affected by t lie existence ot forests oi ciops, by the slope aiul ch.iracicrof ground 
on the watci-shed, especially as to rate of abscuptioii, by the season of the year, 
the frost in the gronml, etc. The stream-tlow may ordinarily be taken as vary- 
ing between 0 2 and 0 8 of the raint.ill. Streams in limeHtonc regions liequently 
lose a ven large propoi tioii of Ihcir flow through subterranean cavcins. 

Assuming a tall oi 2 feet in 1 year ( = 7ti,H79 cuiuc feet per square mile i»r 
day), that half the raiiilall is availaltle for water supply, ami that a per capita 
consumption of 4 cubic feet { — at) gallons) per day is sufficient, one square mile 
will supply 19,095 persous ; or a squaic of 58.25 feet on a side will supply one 
person. 

An Inch of rain amonntN to cubic feet; or 271.55 TJ. S. 

gallons; or 101.3 tons per acre; or to 2{232(i0 cubic feet; or 17378743 U. S. gal- 
lons; or 61821 tons per square mile at (i2‘4 lbs per cubic foot. 

The most destructive rains are usually those which tall upon snow, under 
which the ground is Irozeii, so as not to absorb water. 

Table 2. Maxiinnm intennity of rainfall for periods of .5, 10, and 

60 minutes at Weather Itureaii stations equipped with self-registciiiitf 
gauges, compiled from all available records to the end of 1896. 

(From Bulletin D of U. S. Department of Agriculture.) 


Stations. 

Rate per hour for — I 

Stations. j 

Rate per hour for— 








1 

5 min. 

10 mins. 

60 nuns. 


5rain. 

lOmims. 

00 mims. 


Ins. 

Inches. 

Inches. 


In.s. 

Inches. 

Inches. 


Q 00 

6 00 

2 00 


6.60 

5.92 

1.60 


8 40 

6.00 

1.30 

Galveston 

6.48 

5.58 

2.55 

New Orleans 

8.16 

4.86 

2.18 

Omaha... 

6.00 

4.80 

1.65 

Milwaukee 

7.80 

4 20 

1 25 

Dodge City 

6.00 

4,20 

1.34 

Kansas City 

7.80 

6 00 

2.40 

Norfolk 

6.76 

5.46 

1.58* 

Washington 

7.50 

5.10 

1.78 

Cleveland. 

5.64 

3.66 

1.12 

Jacksonville 

7.44 

7.08 

2.20 

Atlanta 

5.46 

6.46 

1.60 

Detpdt ' 

7.20 

6 00 

2.15 

Kev West 

.5 40 

4.80 

2.25 

New York City. 

7.20 

4.92 

1.00 

Fhiladelpliia.. 

! .5.40 

4.02 

1.50 


6 72 

4.98 

1 68 

St. Louis 

1 4.80 

3.84 

2.25 


6.60 

6.00 

2.21 

rinciiinati 

4.56 

4.20 

1.70 

. .. 

6,60 

3 90 

1 60 

Denver. 

3.60 

.3.30 

1.18 

Memphis.... 

eioo 

4 ! 80 

1.86 

Duluth 

3.60 

2.40 

1.85 


The weisrht of freshly fallen snow, as measured by the author, 

varies fioiii about 5 to 12 ffis per cubic foot ; apparently depending chiefly uj>oni 
the degree of humidity of the air through which it had p.asscd. On one occasion, 
when mingled snow and hail had fallen to the depth of 6 inches, he found its 
weight to he 31 lbs per cubic foot. It was very dry and incoherent. A cubic foot 
of heavy snow may, by a gentle sprinkling of water, be converted into about 
half a cubic foot of slush, weighing 20 ib>.; which will uot slide or rnn ©fl 
from a shingled roof slo|)ing 30°, if the weather is cold. A wbtc block of snow 
saturated with water until it weighe<i 45 lbs per culnc foot, just slid on a rough 
board inclined at 4.5°; on a smoothly planed one at 30°; and on slate at 18°; aU 
approximate. A prism of snow, saturated to 62 lbs |>er cubic foot, one inch 
square, and 4 inches high, lN»re a weight of 7 lbs; which at first compressed 
it about one-quarter part of its leneili. Kiiroiiean engineers considcre lbs per 
square foot of roof to be sufficient allownnce for the weig^lit ot snow 



WATEE, 




WATER. 

PiJKE water, as boiled and distilled, is composed of tlie two gases, hydro, 
gen ami oxygen; in the propoiiioiis ol' 2 ineaMires hydrogen to 1 of oxygen; 
or 1 weight of hydrogen toHof oxygen. Ordinarily, however, it conuiins sev- 
eral foreign ingredients, as earhonie and other acids; and sololde luineral, of 
organic substances. When it contains much lime, it is said to be hard ; and will 
not niak>- a good lather with soap. The air iu its oidinary state coiitaino 
about 4 grains of water per cubic foot. 

The average prcNtsurc of the air at Hca level, will balance a 

OOluniii of water feet high ; ot about ;t0 inches of meicury. 

Weifcht of unit volume, as aftected iiy temperature. I>aronieter at 30 ins: 
Temp, Fahr, 32° 39.2*^ 40° 30° 60° 70° 80° 1H)° 212° 

Temp, Cent, 0° 4° 4.4° 10° l,‘i.C° 21.1° 2b 7° 32 2° 100° 

Ibs/cu ft, 62.417 62.428 62.423 62 409 62.367 62.302 62 218 62.119 59.700 
grsms/cu cm, 0.9998 1.0000 0.9999 0.9997 0 9990 O.'mi 0.9966 0 9950 0.9563 

Maximum density at 4° C — 39.2° F ; l gmm/eu cm — 62.428 Ihs/cu ft. 
From this lemp, it expanvls, either by neat or l>y cold. 

At 629 F (16.7° C), harom, 30 ins ; weight of water = al>out H15 X weight 
Of air. 

Sea water. Weight of unit volume; 64 to 64 27 lbs per cu ft = 1.026 
to 1.029 gi ams per cu cm. Sec also p 328. 

Ice. Weight ot unit volume; 57 2 lb.s/cn ft — 0.916 grani/cu cm. 
(L, Du four) 

Hence, as ice, it has expanded one4welfth of its original hulk as water • and the 
Hudden expan»lve force exerted at the niomeni of free/ing, h MilFu ieiitly 
great in split non wster-pipes ; lieiiig piolmhiy not less than 30,000 ttm fici^ square 
inch, rii^tiiiices have ooi'tirieil of its splitting cast tubular posts of iion bridges, 
and of ordinary buildings, when full of ram watei from exposure. It also loosens 
and throws down niassis of rock, through the joints o( which rain or spring 
water has louud its wav. K taining-walls also are aoniciimcs ovenhrown, or 
at least bulged, hv the freezing of water which has seitlcd between tbcir backs 
and the eattb filling wbicli they sustain; and walls which arc not lounded at a 
sufficient d 'ptli, are often lifted upward hv the siinie proc-'is. 

It IS said tliat in a glann lube inch in diamelor. water will not 
freeze until the temperature is redinmd to 2:1°; and in lubes of )e>< limn 
inch, to 3° or 4°. Neither will It freeze until eonaiderably colder tlmn 32° tn 
rapiil iiinning streams. Anchor ice, sometimes found at de(>ths im great as 
25 feet, con.>)st8 of an aggregation of siu ill crvstals or needles of ice frozen a* 
the surfiieo of rapid open water; and proluihly carried below by ilie forte of ll« 
stream. It does not form under frozen water. 

Since lee iloaf«t In water; and a floating body diatdaoes a weight of the 
liquid eijiial to it.s own weight. If foliowhtbat a cubic loot of floating b e weighing 
57 2 fbs, must displace o7.2 ttis of water. B'it57.2lhsof wafer, one foot square, is 11 
Indies deep: tli Teforc, floating ice of acnbieal or parallelopipedal sba|H‘, will 
have {} ol its voliitne under water; and onlv ,>5 above; and a sqimre foot of ice 
Of any thickness, will require a weight equal to ^ of Its own weight to sink it 
to the’ surface of the water. In practice, however, this must be rcgaided merely 
as a close approximaiion, since tlie weight of ice Is somewhat atfocted by en- 
closed air-hubblos. 

Pure wafer is usually assumed to boil at 212° Fah In the open air, at the 
level of the sea; the barometer being at 30iiiches; and at aVioiit 1° less for every 
620 feet above sea level, for heights within 1 mile. In fact, its txdJing point 
Taries like its freezing point, with its purity, the densltvof the air, the material 
of the vessel, &c. In a metallic vessel, it may boil at 210°; and In a glass one, 
at from 212° to 220°; and it is stated that if all air be previously extracted, it 
requires 276°. 

It evaporate* at all temperatures; di«t*olve* more substances than any 
other agent : and iiaa a greater capacity for heat than any other known snisstance. 

€)oinpre*Nion. fier Htmosjiberc (14.7 Ibs/sq tn) about 1 in 21,740. Tha 
volume IS restored wher ‘he pres is removed. 



WATER. 
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EflTcet on metals. The linj« contaiiiPd in many waters, forms deposits In 
metHllie w.iter-pipt'b. and in ciiaiineh ofeartin'nware, or of nnu'.on ry , expcoially 
if tlie cnirfiit be slow. Some oilier substances do ilie same; obstiuctni^ the 
flow of the water to sueh an extent, that it is always expedient to use pipes of 
diameters larjjer than would otherwise be necessHry. Tlie lime also lonns very 
hard iiioruHtatioiiH at the hottomsof boilers; very mueb inipuir- 
intr their « theumey ; and itiidering them moie liable to bnrsi. Sueii water is 
unfit lor locy*»o lives. VV’e have seen ii stated that the Soiithwesiei n R R Co, 
Euf^land, firevent tins lime deposit, alou^^ ilieir limestone sections, by dissolving 
1 ounce of sal-aiumouiac to 90 gallons of water. The salt ot sea water forms 
similar deposits in boilers; as also does mud, and other impuniies. 

Water, eitiier when very pure, as lain waicr; or when it contains carbonic 
acid, (.18 most water does,) pro<lii«e» carbonate of Ivad in lead 
pipes; and as tins is an active poison, such pipes sboula not he used for such 
waters. Tiiiu.'d load pipes may be substituted loi them. If, however, sulphate 
of lime also tie present, as is very frequently the case, this eflect is not always 
prmiuced; and several other sutislanees usually found in spring and river 
water, aKo diimnish it to a greater or less degree. Fro$th water corrodea 
wroiip^lit Iron more rapidly than eant; but the reverse appears to 
be ttie ease with sea water; alibougii it also aflecis wrought iron very 
quickly; so ih.it thick flakes may be detached lium it with ease. The corrosion 
of iron or steel by sea water increases wnh the carliou. Cast-iron l annoua 
from a vessel winch had been sunk in the fresh water of the Delaware River 
lor more than -lO yeais, were perfectly (ree from rust. Cen. Pasley, who bad 
examined the inerals tound in the shipn Royal (Jeorge, and JEilgar, the first of 
which bad remained sunk iu the sea for 62 yeais, and the last for 1J13 years, 
“suited that the ca.st non had gcner<dly become quite solt; ana in some cases 
resembled plmuiiago. Some of the shot when exposed to the air became hot; 
and burst into many pieces. Tlie wrought iron was not so mueli injured, 
CTce/rf ir/tf'fi in co.Jnet inth c(r/»ijer, or bras» yun-meial. Neither of these last was 
niucli affected, except when in contact with iron. Some of the wroiigiit iron 
was rewi.rked hva bl.i( ksnitih,and pronoiimed superior to modern Iroi,.” “Mr. 
Cotlam stated that .some of tfie guns had lieen caiefnJly removed in their soft 
state, to 1 lie Tower of London: and in time(wiiluu 4 years) reswwed or»> 
inal hardness. Hrass cannons fnnn tite Mary Rd^e, which had been sunk in the 
sea for 292 years, were considerably boneycomiieG in spots only ; ( |>erh'ap8 where 
iron had been in contact with them ) The old caniions, of wroiieht-iron liars 
Ijoopnd together, W' re corroded about inch deep; but bad probably h'-en pro- 
tected by mud. The casi-iroii shot became redbot on exposure to the air; and 
fell to pieces like dry clay'” 

“ lliiprotccied ]urts of cast-iron slnice-valves on the sea cates of the Cale- 
donian eanal were converted into a soft plumbaginous substance, to a depth 
of % of an iiiili, within 4 years; but wh'-re they had been coated with common 
Swedish tar, they were entirely nninjtired This softening eff et on ca-t iron 
appears to lie as rapirl even whon the water i** but sligiitly bracktsli; and that 
only at iniervaL, It al-o litkes place on cast Iron imiiedded in salt earth. Some 
water pipes thus laid near the [<ivf‘rpool docks, at the expiration of 20 years 
were soft ed^ngii to be cut by a knife; wfiile the same kind, on higher ground 
beyond tue iiifliKMice of the sea w,iti*r, wore as good as new at the end of 50 years.'* 

Obsi rvatloii lias, however, shown that the rapidity of this action 
depends mneh on the 4|iiality of the iron; that which is dark- 
colored and contains much cariion mechanicallv combineii with it, corrodes 
most rapidly: while liard while, or light-gray castings remain secure for a long 
time. Some cast-iiori sea-piles of this character, siiowed no deterioration in 40 
years. 

CTontiiot with hraMM or copper is said to ftiducc a galvanic action 
which greatly liasiens decav in either fresh or salt water. Some mu.'*ket8 were 
recovered from a wreck which had been submerged in sea water for 70 yearn 
near New S^trk. The brass parts were In perfect condition ; but the iron parta 
had eniirely disappeared. Oalvaniteintf: (coating with xinc) acts as a pro- 
servative to the iron, but at the expi iise of the zinc, which soon disappears. 
The iron then corrodes. If Iron be w-ll heat-d. and then coated with hot 
coal'tnr, it will re.sisf the action of eit her salt or fresn water for many years. 
It Is very important that the tar he perfeeilv jniriJiM. Such a coal- 

ing, or one oi paint, will not prevent barnacleH and other nIicHh from 
attaching themselves to the iron. Asphaliuru, if pure, answers as well as 
ooal-tar. ^ 

Chopper and bronme are very little afTected bv sea water. 

No galvanic action has been detected where brass ferules are inserted inU 
the water-pipes in Philadelphia. 



TIDES. 


The most prejndielal exposure for Iron, as well as for wood, is 
that to altiTiiate wet. and dry. At some dangerous spots in Ijong Island Sound, 
it has been the practiue to drive round bars of rolled iron about 4 inches diam- 
eter, for supporting signals. These wear away most rapidly between Ingli and 
low water; at the rate of about an inch in depth in 20 years; in which tune the 
4-inch bar becomes reduced to a 2-iuch one, along that portion of it. Under 
fresh water espeeiallv vir under ground, a thin coating of coal-pitch varnlBh, 
carefully applied, will prr*tect iron, such as water-pipes, Ac., for^ a long time. 
See page 6% The sulphuric acid contained in tlie water front coal niinei 
corrodes iron pipes rapidly. In the frcMli HHfer of oanniN. iron boats 
have continued in soi vice Irom 20 to 40 years. %Voo«l reniniiiN Nonnil for 
centuries under (dther fresh or salt water, it not exposed to be worn away by 
the action of currents; or to be destroyed bv mariiio* i list els. 

Sea waler w«‘i|{:hs from f>4 to OJ 27 Ihs’p**'' <'nl)ie foot, or sav fioin 1 fi to 
1.9 tbs per eubic loot more ihuu fresh water, larj mg wilii ilie hjeality, ami not 
appieciiibl) With tlie deptli. llieexeess, o\ei thcweighlul fresh wiitei, iseliiefiy 
common salt. At 64 lbs per cubic foot, Of) eiibic feet weigh 2240 lbs. Soa naler 
freezes at about 27*^ Kahr. 'I’hc lee is tresh; but (especially at low tempera- 
tures) briue may be entrapped in the ice. 

A teaspoonful of powdered alum, well .stim*d into a bucket of dirty uator, 
will generally purify It sufficiently withui a few liours to be drinkaliU'. Il a 
hole 3 or 4 feet deep be dug in the sand oi the sea-shore, the infillrating water 
will usually be sufficiently fiesh iur washing with soap; or even for drinking. 
It is also stated that water may he jtresi'rved sweet for many years by placing 
in tlie containing vessel 1 ounce of black oxide of mangiuiese' foi each gallon 
of water. 

ItiSHRid thatwator kept in zinc* taiikw: ot flowing ihrougli' iron 
tubes galvanized inside, lapidly becomes poisoned by suluble salts ol zinc 
formed thereby; and it is lecomniended to eoal zinc surfaces with asphalt 
varnish to prevent tliis. Yet, in tlie city of Hanfoid, ('onn, service pijies of 
iron, galvanized ni.side and out, w-ere adopted in IH.'i.'i, at the lecomnn ndalion 
of the water eotuiiiissioners; and have been in use ever sinee. They are like- 
wise used iu Philadeluhia and oilier cities to a eonsideraulc extent ' In many 
hotels and other Imildings in Bo.sion, the “iSeanil>-ss Diawn Brass Tube’’ of the 
American Tube Works at BosVon, has fur many jears lueii in use for service 
pipe; and has given gieat siuisfaetion. Il is stated that the softest waiei may 
be kept in bra.ss vessels for years without any deleierimis result. 

The action of lead upon some waters (eveti pute ones) is highly poison- 
ous. The subject, however, is a complu'ated one. An injurious uigH'dient may 
be attended by another wliieh neutralizes its aLlion. Organic matter, whether 
vegetable or animal, is injurious. Carbonic acid, when not in excc.ss, is liarm- 
less. 

Ice may be so impure that its water Is dangeious to drink. 

The popular n<»tion that hot nater freezes more quiekly 
t han cold, with air at the same temperature, is erroneous. 


TIDES. 

The tides are those well-known rises and falls of the surface of the sea 
and of some rivers, caused by the attraction of the sun and moon. There are 
two rises, floods, or high tides; and two falls, ebbs, or low tides, every 24 hours 
and .^0 minutes (a lunar day); making the average of 6 hours minutes 
between high and low water. These intervals are, liowever, Niikjcct to 
l^rcat varlationfi: as are also the heights of the tides; and tins not only 
at different places, but at the same place. Thesr* irregularities an; owing to the 
shape of the coast line, the depth of water, winds, and other cauhe.s. Vsually at 
new and full moon, or rather a day or two after, (or twice in each lunar month, 
at intervals of two week.s,) the tiae.s rise higher, and fall lower than at other 
times; and these are called zprlnK tIdcM. Also, one or two days after the 
moon is in her gimrters, twice in a lunar month, they both rise and fall less than 
at other times ; and are then called neap tld«*t«». From neap to spring they 
rise and fall more daily ; and vice versa. The time of hl|;;h water at any 
place, is generally two or three hours after the moon has passed over either 
the upper or lower meridian; and is called the eNtabllsihment of that 
place; because, when this time is established, the time of high water on any 
other day may be found from it In most cases. The total height of spring tides 
is generally from to 2 times as great as that of neaps. The great tidal 
wave Is merely an vndulaibm, nnatiended by any current, or progressive motion 
of the particles of water. Each successive high tide occurs aliout 24 minutes 
ktpr than the nrM'edinir one: and so with the low tides 
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EVAPOEATION AND LEAKAGE. 


The aiMoiiiit of etaporatloii Iroiii *iiirl».eeH of u'ater expus(>(l to 

the natural cllnl'. ul llie <i|ieu uu . is uf uourBe Krtsu-tei lu siiiu(uei than lu winter, aitlmugli It quite 
tieieepiible lu eieu the coliluBl weather Ills gieater lu shallow water than in lieeii, iiiii^nuch as the 
bnttoiii iiUu lit etiines heateil b> the sun U is Kieuter lu running, than in staniliug water , on nmoh 
the same principle that it Is gieater iluriiig wiuils than ualiiis. it is ]iiuhdhle that the aveiage dally 
lotis Ironi a leservnir n) inuder.ite depth, trum evapiiratiuu alone, throughout the ,‘S w ariner months 
of the jeur, tJiiiie, .luly, August,) rarely exceeds iilioui Inch, iii any pai t ot the United States. Or 
inch during the l> colder mouths, except in the Southern SuicB. These two aierages woUld give 
a tally one of lo lueh , or a total annual loss of 55 ms, or 4 tt 7 lua It probably la J 5 to 4 ft. 

Ry MOiiiv i rinlH by writ«r„ in llio 1ropi<‘N„ of pure water 

8 ft (l.,“p. in a sttIT n lentue clay , and fulU exisised to a vei j h- * sin- .I'l d i\ In-t rti.’-ii.r the dry rcH 

son, pie'isely ‘I ins in ll> days, oi ^ im h js'i day, while tin ei ,ii i.- u' ■■ ii I i > tun i- t’r was 

K inch ler d-iv. The air in thaliegioii is highly charged with ,ii,il i:,i ,n w - me heaiy. 

Every day luniig the tiial the theimomeiei reiielieil riom 115 ' to 125'' in the sun 
The total xnniiul evajiiiration in seveial jmns < ' I 'lirliii. ' jin'* Ser.'l.spri i- stated to average from 22 
to .18 ins , at ^ans, dl , Boston, Mass, 32 , many p. I, • - III :l • I 1' ■■ % iii' This lust would give 
a daily averahc of inch for the whole year Such atateiiieiits. however, are of very little value, 
unless acconipaiied hy memorniida of the circumstiinceh of the ease, such as the depth, exposure, 
size mid natuu* 'f the vessel pond. kc. which coiitimis the watei kc Sometimes the total annual 
evaporation froiu i, district of country exceeds the rain fall , and vice versa. 


On canals, reservoirs, Ac, it is usual to comlunc the loss hy evaporation, 

with that hy liltr.iiioa The Inst is Ihul which soaks into the earth; and of which some portion 
passes eiilirelv through the hanks, (when in embmikt,) and if in very small quantity, may bcdiied 
up bv the Min mid tni is t.ist .is it reuehes tlie outside, so as not to CAliibil itsell as water, but if in 
greater quanliiy, it hecooies uppnrcnl, as (eakar/e. 


E. II. liiiU. Ci E. states tlie avornisre evaporation and filtra- 
tion on tlie Sandy an<l lSea«er eanal, Ohio, ( tt wide at viator eur- 

face , 26 ft at hottoiu , and t ft deep.) to he hut Vt cub ft jicr mile |M‘t minute, in a d» v season. Here 
the exposed w ater surf in one mile is 200640 sq ft , nnd in ordei , with this surf, to lose 13 cub ft per 
mtn, or 18720 enh ft per day oi 24 hours, the qiiantitv lost must 1 h> ~ •0!) IT ft. = 1 H inch lu 

depth per day Moreover, one mile of tl’eea'iir. oonimns isin eub It tin lefore ll e number of days 
reqd for the coinhined cv aporatii u and (lltratmti to amount to as much as all the water in the canal, is 

^’ ** * *^ — 30 ddv s. Ohserv iitKjiB in waruii weather on a 22 mile reach of the Chenango canal, N 
18720’ 

York, (■(0 , 28 , and 4 tt,) g.ive O'lbj cub ft per mile per min : or 5 times as much as in the preceding 
case This rate would empty the ca.ial in iihoiit 8 days. Besides this there was aii excessive leakage 
at the gales of a luck, (ot only 5S H lift.) of 479 cub ft (tei miii 22 cub ft per mile per miu ; and at 
uqiiediiets, and waste weirs, oiheis ati'ounuug to 19 c'ub ft per mile pet mm The leakage at other 
lov'ks with lifts of H ft, or less, did not exceed about 3.50 cub ft per miu at each. (In other canals, it 
has been found to !)<■ from 50, to .'itM) ft per mtn On the Chesapeake and Ohio canal, (where 50, 32. 
and 6 ft,) Mr. Fisk, C E estiiiialed the L>ss hv evap and filtration In 2 weeks of warm weather, to he 
etyiai to all the water in the eanal. ProfeMSior Rnnkliie MSNiiineM 3 liiH per 
day, for leakage 4»f eanal bed, and evaporation, on Eii^llsli 

eanalN. J B Jervls. C, E, estimated the loss from evap, filtration, and leakage through look- 
gales, on the original h’rie e.mal, (40, 28. mid 4 ft.', at 100 cub ft jier mile jafr min , or 144000 cub ft 
per dav The water surf m a mile is 211200 sq ft ; tlierefore, tbedailv loss would lie equal to a depth of 

On the Delaware division of the PennMylvHiiln eanals, whon 

the supidv is tem()orarilv shut ofl from aiiv long reach, the water fulls troin 4 to 8 me per day. The 
fillriitioii will of ennrso he intieh greap-r on enibankts, than in cuts In some of oui eaiials, the depth 
at high embmikts becomes quite eonsiderahle , the earth, from motives of economy not being filled in 
level under the bottom of the canal, but merely eft to foi ni its own natural slopea 4 1 one spot at 
least, on the Che* and Ohio eanal, where one side Is a natural face of vertical rock, thia depth ia 40 
ft Hueh depths iiierease the leakage very greath ; espeeinllv when, as ia frequently the case theem- 
bankis are not puddled, u.nd the practice is not to be coin mended, for other reasons also 


The lotHl nveraife Ioma front reMcrvoirs of moderate depths, 

in case the earthen dams he consiriieted with proper care, and well settled bv time, will not exceed 
»bODt from ^ fo 1 inch per day , but in new niies, u will usually bp couRiderably greater. 

The loss from ditches, or channels of small area, in mitcli 

greater than that from nav fgiihle canals , so that long canal feeders usually deliver hut a small pro- 
portion of the water which enters them at their heads 
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MECHANICS. ‘ FORCE IN RIGID BODIES. 


Ju the following pngeB we endeavor to make clear a few elementary principlea 
of HeehanicB The opening articlea are devoted chiefly to th' hulijoct of matter in 
motion; for. wlule an uiquaintance with tins ib perhaps not abNulutuly required in 
obbiiiiing a working knowledge of those principles of Statics which enter so largely 
into the computations of the civil engineer, yet it must Ce an important aid u> their 
intelhgent appreciation. 


Art. 1 (al. Mechanlce may be defined, as that branch of science which 
treats of tlie efr*cts of force upon matter. 

Tins broad definition of the woid "Mechanics" includes hydrostatics, hydraulics, 
pneumatics etc., if not also electncity, optics, acoustics, .nnd indeed all branches of 
physics; but wh >ha’l here confine ourselves cinefly to the consideration of the action 
of extraneous foices upon bodies supposed to be rvjid or incapable ot cliangeof shape 

(b) Mechjnics is divided into tw > In am hes, namely: 

Klurmatlcaj or the study of the motions of bodies, witliout reference tc the 
eavsrs of tii 'tioti ; and 

DjrnamlCM, or the study of force and its effects. 

The iHiter is sub-divided into 

Kinetics! wliicii treats of the relations lietween force and motion; and 
tifatlcsi wliicli considers tliose sp'-ciai, hut very numerous cuses. where equal 
and fljipoHitc forces counteract each other and thus ileatroj each others motions. 

Art "A (a). lilatterf or aubstance) may be d'-fiued as whatever occupies space; 
aa meta , stone, wood, water, air, steam, gas, etc. 

(b) A body is any portion of matter which is either more or less completely 
aaparated in tact from all other matter, or which we take Into consideration by itself 
and as if it were bo separated. Thus, a stone is a body, whether it be f.illimr tlirough 
the air or lying detached upon the ground, or built up into a wall. Also, the wall is 
a body; or, if we wish, we may consider any portion of the wall as any particular 
cubic foot or incli in it, as a body. The eaitli and the other planets are budiis and 
their smallest atoms aie bodies. 

t train of cars may be regaided as a body; as may also each car, each wheel or 
> or other part of the car, each passenger, etc., etc. 

Similarly, the ocean is a body, or we m.iv take as a body any portion of it at pleas- 
ure, such as a cubic foot, a certain bay, a drop, etc 

(c) iJut in what follows we sliall (as already stated) consider chiefly rigxd hodies; 
». e. bodisB which undergo no change in such as by heinc crushed or stretchad 
or pulled apart, or penetrated bv another body. All actual bodies are of coivae more 
or less subject to some such changes of shape; i. e , no body i» in fact attsoliitely 
rigid; but we may properly, for convenience, suppose snob bodies to exist because 
many b .dies are so nearly rigid that under ordluarv circumatances they undergo 
little or no change of shape, and because such change as does occur may be con- 
sidered under the distinct head of Strength of Materials 

(d) But while hidies are thus to be regarded as incHpaVde of change of .form, it is 
squally iuiportant that we regard them as susreptihle to .ihange of position as wholes, 
Tbua they m^y be upset rr turned around horivontallv or in any other direction, or 
moved along in any straight or curved line, with (.r without turning around a point 
within theni'ielves. In short they are capable of motion, as wholes. 
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Art. 3 (a). Motion of a body is cban^o of its position in relation to another 
body or to H<ime real or itua^iuary i)oint, which (for convenience) we regard as fixed, 
or at rent. Thus, while a stone falU fron< a roof to the ground, its position, relatively 
to th" root 18 constantly changing, an ih aNo that relatively to the ground and that 
relatively to any given point in the wall ; and we say that the stone is in motion rela- 
tivtly to iitlti'r of those bodies, or to an> jioiiii m them hut if two stones, A and B, 
fall fioiii the roof at 'he same instant and reach the ground at the same (subsequent) 
instant, we say that although each mov-s, relatively to roof and gioiind, yet they 
have no motion relatively to each other; or, they are at rest relatively lo each other; 
foi their position in regard to each othei does not ch-uige; i e , in whatever direction 
and at whatever distance stone A may be from stone B at the time of starting, it 
remains in that same direction, and at that same distance froni B dining the whole 
time ot the fall. Sitnilaily, the rnof, the wall and the ground ate at rei-t relatively 
(o each other. \et they are m motnm lelatively to a tailing stone They are also in 
motion lelatively to the bun owing to the eaith’s daily rotation about its axis, and 
Its annual movement aiouud the suit. 

{!>) If atiain-man walks toward the rear along tho top of a freight train Just as 
faat as the train moves foiward he is in motion relatively to the train; hut, as a 
whole, he is at rest relatively to huiUing-i. etc. neai by; for a spectator, standing at 
a little distance frim the tiai k. gi-es him coniinnally opposite the same part of such 
building etc. If the man on the train l ow stop*' walking, he comes to rest relatively 
to the train^ but at the same time comes into motion relatively to the surrounding 
buildings, etc., for il.'i spect.itor sees him begin to im-ve along with the tiain. 

(c) Since we know of no absolutely fixed point in space we cannot say, of anj 
body, what its ahiolute motion is CoiiHcqnently we do not know of such a thing as 
absolute re*t, and are safe in saying that all bodies me in motion. 

Art. 4r (a). The velocity of a moving body is its rate of motion. A body (as a 
railroad tram) is said to move with uniform veloeltv, or eonatant velocity, 
when the distances moved ovei in eqvMl tunes are eijuul to each other, no matter how 
small those times may be taken. 

(b) The velocity la expreaaed by stating the distance passed over during some 
given time, or which mould be passed ov.r during that time if the utiifirm motion 
continued so long Thus, if a railroad train, moving with constat t veiootv, passes 
over 10 miles m half an hour, we may say that its velocity, during that time, is 
(t e that it moves at the rote of) 2h miles per hour or lOh.OK) feet per horn, or 1760 
feet per minute, or 29^.; feet per second Or, we may, If desirable, say ihat it moves 
at the rate of 10 miles'in half an hour or 8 h feit in three seconds, etc.; hut it is 
generally more convenient to ‘state the distance passed over in a unit of time, as in 
one day one hour, one second, etc, 

(c) If, of two trains, A and B. moving with constant velocity, 

A moves 10 miles in half an hour, 

B moves 10 miles in quarter of an hour, 

thhn the velocities are, 

A, 20 miles per hour, 

B, 40 inil' B per hour. 

In other words, the velocity of a body (which may be defined as the distan^ passed 
over ill a given lime) i*» ivversely as the time requued to pa-s over a given distance, 

(d) By uult velocity is meant that velocity which, by common coiii-ent is taken 
as equal' to Mn^^/ r»r one Where English n.easii'es are used, the unit velocity gen- 
erally adopted in the study of Mechanics is 1 foot per second. 

(c) When we say that a bodv has a velocity of 20 miles per hour, or 10 feet per 
second etc. we do not imply that it will necessarily travel 20 miles, or 10 f.et. etc, ; 
for it mav not have sufficient lime for that. We mean merely ’hst ft Is trsvellng at 
the rate of 20 mih s per hour, or 10 feet per second, etc ; so that if V continued to move 
at that same rate for an hour, or a second, eic., it would travel 20 miles, or 10 feet etc. 

(f ) When velocity increases It is said to he accelernlcd. When it decreases, 
it IB said to he retarded. If the ncceleration or retardation is in exact proportion 
to the time ; that is, when diiroig any and -very equal interval of time, the same degree 
of change takes place, it is uniformly accelerated, or retai ded. When otherwise, the 
words variable and variably ate u.>ed. 

(k) a body may have at the same time, two or m»»re Independent velool- 
tlSMi requiring to be considered. For instance, a ball fired vertically upwai d from m 
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gun, and then falling again to the earth, has, dm lug tlie whole time of Its rise and 
fall, (1st) the uniform upwind velocity with which It loaves the muzzle, and (2nd) 
the continually ai'celerated downward velocity given to It hy gravity, which acts upon 
It during the whole time. Its remltant (or apparent) velocity at any moment is the 
difference between the.so two. 

Thus, Imniediiitely after leaving the gun, the downward velocity given by 
gravity Is very small, and the resultant velocity Is tlierefore upward and very 
nearly equal to the whole upward velocity due to the powder. But after awlille 
the downward velocity (hy congtanlly iiicroa'*ing) becouttos equal to tlie upward 
velocity; t. e., their ddferunce, or the reaultant velocity, becomes nothimj ; the ball 
at that instant stands stilt ; hat us downward velocity continues to inci ease, and 
immediately becomes u litlio gri-ati-r than the upwardwelocily , then greater and 
greater, until the ball strikes the ground. At that instant its resultant velocity is 

the downward velocity which it would "I ( the uniform upward 
have acquired by falling dnruuj the > — -< velocity given by the 
whole lime of its rise and jail. ) powder. 

We have here neglected the resiH’aiite of the air, which of couise retards both 
the ascent and the descent of the ball 

(1l) As a further illustration, regard a b n c a.s a raft drifting in the direction 
ca or nb. A man on the raft walks with iinifoim velocitv fiom comer n t<i 
corner c while tlic raft drifts (with a uiiiforiu velociij a 
little greater than that of the man) through the distance?/ h, 

Tlierehire, when the niau reaches corner c, that comer has 
moved to the point which, w'hen hestaited, was occupied hy 
a. The man’s resultant motion, relatively to the W of the 
river or to a point on shore, has therefore been « a. His 
motion at right angles to n a, due to Ins walking, is t c, but 
that due to the drifting of the raft is o b. Then' two are 
equal and oppo.site. Hence his lesnitanl motion at right 
angles to v a i.s nothing ; he docs not move from the line ?i a. 

His walking moves Inin tliiongh a distance equal to n i, in the direction 71 a: 
and the drifting through a distance equal to t a, and the sum of these two is na. 

(1) All the motions which we see given to bodies are but changes in their unknown 
absolute inotioiiB. For convenience, we iiiiy confine our attention to some one or 
more of thes*^ changes, neglecting others. 

Thus. In the case of the ball fired upward from a gun (see (g) above) we may 
neglect its uniform upward m<»tion and consider only its coijHtantly accelerated 
downward motion undei the action of gravity , or, as is more nsnal we niav consider 
only the resultant or apparent motion, which is first upward and then downward. In 
both cases we neglect the motions of the ball caused by the several motions if 
the earth in space. 

Art. 5 (a). Force, the cause of chanf^e of motion. Suppose ^ 
perfectly smooth ball resting upon a perfectly hard, fi ictiouless and level surface, 
and suppose the resistance of the air to be removed. In ordc. to merely more the 
ball horizontally (t. e., to set it in motion — to change its suite of iiiutioii) sume/circe 
Bust act upon it. Or, if such a ball were already in niution, we could nut retard, 
jr hasten it, or turn it from its patii without exerting force ujion it. For. os stated' 
^ Newton’s first law of motion, ** everjr body #>.ontlnnes in Its 
State of rest or of motion in a straight lino, except in so far as it may be com- 
piled liy impressed forces to change that state." On the otiier hand, if a force acts 
apon a body, the motion of the IkhIj must undergo change. 

(b) Force Is an action between two bodies, tendtnpf either to 
separate tliem or to brinfg them closer toy(rther. For instance, when 
I stone falls to the ground, we explain the bet by saying that a force (the attraction 
of gravitation) tends to draw the earth and the stone together. 

Magnetic and electric attraction, and the cohesive force between the particles of a 
5ody, are other instances of attractive force. 

(c) Force applied by contact. To practice we apply force to a body (B) 
by causing contact Iwtween it and another body (A) which bus a tendency to motion 
toward B. A reputsive force is thus called into action between ihn two bodies (is 
some way which we cannot understand), and this force pushes B forward (or in the 
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direction of A's tendency to move) and piislios A backward, thus diminishing its for- 
ward tendency * 

If, for instance, a stone l)e laid upon the ground, it tends to move downward, but 
does not do so, because a repulsive force pu'-hes it and the eartli apart just as hard as 
the force of gra\lty tends to draw them together, 

Slrnllaily, when we attempt to lift a moderate weight with our liand, we do so by 
giving tlie )iand a tendency to mo\e upward. If the hand slips from the weight, 
this tendencN moves the hand rapidlv upward iicfore our will force can check it. 
But otlicrwlsc. tlic repulsive force, generated hv contact between the hand (tending 
upward) and tlie weight, moves the latter upward in spite of the force of gravity, 
and pushes the hand downward, depriving it of much of the upward velocity which 
it would otherwise have. It is perhaps chiefly from the eft’ort, uf which we are 
conscious in such cases, that wo derhe our notlon.s of “force.*’ 

When a moving billiard ball, A, etrikeg another one, B, at rest, the tendency 
of A to continue moving forward is resisted by a repulsive force acting between it 
and B. This force pushes B forward, and A backwaid, retarding its former velocity. 
Ab ex|>lHine<l in Ait. (ti), the repulsive force doc'g not exist in either body 

until the two meet. 

(d) The repulsive force thus generated by contact between two bodies, continues to 
act only so long as they remain in contact, and only so long as tboy tend (from 
some extraneous cause) to come closer together. 


(e) Force acts either as a pull or as a push. Thus, when a weight 
is suspended by a book at tli.* < nd ot a rope gravity pvUs the weight downward, the 
weight pushes the hook, and the hook pulls the rope, each of these actions being 
aci'otnpaniod, of course, by its corresponding and opposite ‘‘reaction.” When two 
bodies cbllide, each pushes the other, generally for a very short time. 

(f) ESquallfy of action and reaction. A fuice always exerts itself equally 
upon the two bodies between which it acts. Thus, ‘.he force (or attraction) of 
gravitation, acting between the earth and a stone, draws the earth upward just as 
hard as It draws the stouo downward; and the repulsive force, acting between a 
table and a stone resting ujion it, piitbeh the table and the earth downward just as 
hard as it pushes the stone upward This is the fact expressed by Newton’s 
third law of ntotiony that “to every action there is always an equal and 
contrary reaction ” For measures of force, see Arts. 11, 12, 1,^. 

If a cannon ball in its flight cuts a leaf trom a tree, we gay that the leaf has reacted 
against the ball with precisely the simie force with which the ball acted against the 
leaf. That degree of force was sufficient to cut off a leaf, but not to arrest the ball. 
A ship of war. in lunniug against a canoe, or the fist of a pugilist striking his 
opponent in the face, leceives as violent a blow as it gives; but the same blow that 
will upset or sink a canoe, will not apptectobly affect the motion of a ship, and the 
blow which may seriously damage a nose, mouth, or eyes, may have no such effect 
upon hard knuckles. 

The resistance which an abutment opposes to the pressure of an arch ; or a retain- 
ing-wali to the pressure of the earth behind it, is no greater than those pressures 
themselves ; hut the abutment and the wall are, for the sake of safety, made capable 
of suHtaining much greater pressures, in case accidental circumstances should pro- 
duce such. 

{f[) In roost practical cases we have to consider only one of the two bodies 
between which a force acts. Hence, for convenience, we commonly speak as if the 
force were divided into two equal and opposite forces one for each of the two bodies, 
and confine our attention to one of the bodies and the force acting upon it, ni'glect- 
ing the other. Thus we may speak of the force of steam in an engine as acting 
upon the piston, and neglect its equal and opposite pressure against the head of 
the cylinder 

(h) That point of a body to which, theoretically, a force Is applied, is called the 
point of application. In practice we cannot apply force to a point, according 
to the scientific meaning of that w‘ord; but hav(> to apply it distributed over an ap- 
oreciable area (sometimes very large) of the surface of the body, >/ 


* We ordinarily express all this by saying simply that A pushes B forward, and this 
Is sufficiently exact for practical purposes; but it is well to recognize that it is merely 
a convenient expression and does not fully state the facts, and that every force neees- 
tartly consists or ttoo equal and opposite pulls or pushes exerted between two bodlea, 



For the present we ghall assume that the line of action of the force passei 
through the center of gravity of the body and forms a riglit angle with the sur- 
face at the point of applica ion. 

Art. 7 (a). Acceleration, When an nuresinted foice. acting upon u body, 
it in motion (i. e., gives it velocity! in the dueclion ot the fuco, this velocity 
mere tws as the force continu-s to act ; each equal int. rvul of lime (if the Ibrct 
f •‘mains constant) bringing its own equ^ increase of velociiy. 

Thus, if a stone be let full, the force of gravity gives to It, in the first in- 
conceivably short interval of time, a small velocity downward. In the next equal 
interval of time, it adds a second equal velocity, and so on, so that at the end of 
the »e<‘ond interval the velocity of the stone is twice as great, at the en«l of the 
third interval three times as great , as at the end of the first one, and so <iii. We 
may divide the lime into as small equal intervals us we please. In euidi such 
interval the coiistaut* force of giavity gives to the stone an equal iuctsia.se ot 
velocity. 

Such increase of velocity is called acceleration.t When a body is thrown vertically 
upward, th** downward .icceleratiou of gravi y appears us a retardation ot the upward 
uio loll. Wh n a firce thus acts against the uiot>ou under cousidi lution, its tueelem- 
tion is called rugatiw. 

Art, 8 (a), Tlxe rate of acceleration f is the acceleiation which taker 
plac3 in a given time, as one second, 

(b) The unit rate of acceleration is that w hich odds unit of v< locity in a 
unit of time; or, w'here Knglihh measiireH are u-od. one foot pet secotnl per second. 

(c) For a given rate of acceleration, tlie Mai neceleratioiis me of course piopoi^ 
tioDal to the limes duiitig which the vebtcity iiur aae-i at llint lati' 

Art 9(a), liftwa of acceleration, Siipfioee two blocksof iion, one (which 
Vi-o will call A) twice as largo iw the other (-t), plat ed each npim a peifectiv 1i n fionless 
and hori/.otitiil plane, so that ui moving tliem horizoutully wo are opjiosed liy ii > lorce 
tendin ' to hold them still. ^ownppl^ to each hhick, 

through a spring halaiice.a pull su-h as will koop the pointer of o.e li halaiico always 
at thop.imo mark, as, fori nsUiice, const intly at 2 iii both hal.imeh. We thus have 
etpnl firces acting np m unequal luasHiwl: Here tlie lato ot acceleration of a is 
double th.it of A ; for when the forces are eqnal the rates of accelera- 
raiioii are iikversely as the iitasHes. 

In other words, in one second (or m any other given time) the small Moi k of iron, 
a, wi’l acquire twice tlie iuirea«oof veloulN that A (twi. o us l,n;'e) will HM|niio Bo 
that if iioth blocks start at the s ime time from a slate of rest, the smaller o"e, a, wilt 
have, at the end of any given time, twice the t »■/<;<•</// of A, which h.is twi< a its mass 

(b) Agiviti, let the two nitisses A mid «, be equal, but let tbe foire emtol upon r 
be twice that exerted npnn A. Then tlie rale of iic-eeh-rution of a w ill (as tadore) lie 
twice that of A ; for, when llie niassrs are equal, llic rates of accclera- 
ratloii are dirrcily as the forces. 

(<•) We thus arrive at the principle that, in any case, llie rato of aerol- 
eration In flirectly proportional to tlic for<;e and liiverNely 
proportional to the inaNs. 


*We here speak of the force of gravity, exerted in n given yilsce. as constant, 
becans'* it is ao for all practical tmrposes. Strictly spenking, it increases a very little 
as the Slone approaches the eaith 

f Since the roi' of acceleration ia generally of greater consequence, in Mechanics, 
than tha total acceleration, or the “accelerntion ” proper. S'-ientific writers tfor the 
sake of brivitv) use the term “acceleration” to denote that rate, and the term 
** total Rcxreleration ” to denote the total increase or decrease of veloritv occurring 
duriiur anv given time, riin**, the rate of acceleration of gravitv (about 32.2 ft. per 
second per second) is CHltert. simply the “acceleration of gravity.” As we shall not 
have ro u-e either expression very frequently wo shall generallv to avoid mi-appre- 
hension, give to each idea ita full n'lme; thua, “total accelerntion ” for the whole 
change of velocity in a given case, and “ rate of arceleratioii ” fur the rate of that 
change. 

t The mass of a body Is the quantity of matter that It contains. 
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(d) Hence, if we make the two forces proportional to the two masses, tne ratea 
of acceleration will be equal; or, tor a clven rate of aoeeleratloiiy tbe 
foroeg muat be directly as tbe masses. 

(e) Hence, also, a greater force is required to Impart a giren velocity to a given 
body in a short time than to impart the same velocity in a longer time. For instance, 
the forward coupling links of a long train of cars would snap instantly under a pull 
sufficient to give to the tram in two seconds a velocity of twenty miles per hour, 8up< 
posing a sufficiently powerful locomotive to exist. lu many such cases, therefore, we 
have to be contented with a slow, instead of a rapid acceleration. 

A striug may stitely sustain a weight of one pound suspended from our hand. If 
we wish to impart a great upward velocity to the weight in a very short time, we evi- 
dently can do so only by exerting upon it a great force; in other words, by Jerking 
the string violently upward. Hut if tbe string has net tensile strength sufficient to 
irausmit this force from our hand to the weight, it will break. We might safely 
give to tbe weight the desired velocity by applying a less force during a longer time. 

(f ) When a stone falls, tbe force pulling the earth upward is (as remarked above) 
equal to that which pulls the stone downward, but the ma.vs of the earth is so vastly 
greater than that of the stone that its motion is totally imperceptible to us, and 
would still be so, even if it were not counteracted by motions in other directions 
in other parts ot the earth. Hence we are practically, though not absolutely, right 
when we say that the earth lemaius at rest while the sti ne falls. 

(g) But in the case of the two billiard balls (Art. 5 c p. 333), we can clearly see 
the result of the action ot the lorce upon each of the two bodies; for the second 
ball, B, which was at rest, now moves forward, while the forward velocity of tbe 
*lrBt one. A, is diminished or destroyed, its backward motion thus appearing M a 
retardation of its foruiard motion. And, (since the same force acts upon both halli) 

mass mass rate of acceleration . rate of negative acceleration 
of A • ofB == ofB * of A 

or (since the force acts for the same time upon both halls) 

mass mass forward velocity . loss of forward velocity 
of A • of B • • of B • of A 

(b) Remark. A man cannot a weight of 20 tons; but if it he placed upon 
projior friction rolleie, he can move it horizontally, as we see in some drawbridges, 
turntables, Ac. ; and if friction and the resistance of the air could be entirely removed, 
he could move it a single breath ; and it would continue to move forever after the 
force of the breath had ceased to act upon It. It would, however, move very slowly, 
bwause the force of the single breath would have to diffuse itself among 20 tons of 
matter He can move it, if it be placed in a suitable vessel in water, or if suspended 
from a long rope. Apowerful locomotive that may move 2000 tons, cannot lift 10 tons 

If we Imagine two bodies, each as large and h<‘avy as the earth, to he precisely 
balanced in a pair of scales without friction, a single grain of sand added to either 
A^ale-piin, would give motion to both bodies. 

Art. 10 (a). The constant force of gravity is a uniformly accelerating force 
when It acts upon a body falling freely ; for it then increases the velocity at the uni- 
form rate of .322 of a foot per second during every hundredth part of a second, or 32,2 
feet per second in every second. Also when It acts upon a body moving down an In- 
clined plane; although in this case the Increase is not so rapid, because it is cau^ 
by only a part of the gravltv, while another part presses the body to the plane, and a 
third part overcomes tbe friction. It is a uiiifomily retarding force, upon a body 
thrown vertically upward; for no matter what may be the velocity of the body 
when projected upward, it will lie diminished .322 of a feot per second in each 
hundredth part of a second during Its rise, or 32.2 feet per second during each 
entire second. At least, such would be the case were it not for the varying resistance 
of the air at different velocities. It is a unlfonnly straining force when it causes a 
body at rest, to press upon another bodv ; or to pull upon a string by which It Is 
suspended The foregoing expressions, like those of momentum, strain, push, pull, 
lift., w’ork, Ac , do not indicate different kinds of force ; but merely different kinds of 
effects produced by the one grand principle, force. 

(b) The above 32.2 ft per second per second is called the accelera- 
tion of gravity* and customarily denoted by a small g; or, more cor- 
rectly speaking, since the acceleration is not precisely the same at all 
parts of the earth, g denotes the acceleration, whatever it may be, at 
any particular place. 
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Art. 11 (a). Relation between force and mass. The maRS of a body 
is the quantity of matter which it contains. One cuhic foot of water has tmce 
as great a mass as half a cubic foot of water, but a lest mass than fwic cubic 
foot of iron. Thus, the size of a body is a measure of mass between bodies 
of the same, material, but not between bodies of different materials. 

(b) When bodies are allowed to fall freely in a vacuum at a given place, 
they aro found to acquire equal velocities in any given time, of whatever 
different materials they may be composed. From tliis wo know (Art. 9 (d), 
p. 335), that the /onvs moving them downward, viz.: their respective weights 
at that place, must he projwrtional to their masses. 

Thus, in any given place, the weight of a body i.s a perfect measure of its mass. 
But the weight of a given body changes when tho body is moved from one level 
above tlie sea to another, or from one latitude to another; while the mass of 
the body of course remains the same in all places. Thus, a piece of iron which 
weighs a pound at the level of the sea, will weigh less than a poumi by a spring 
balance, upon the top of a mountain close by, beeau^e tlie attraction between 
the earth and a given mass diminishes when the lattcrrecedcs from the earth’s 
center. Or if the piece of iron weighs one pound near the North or South 
Pole, it will, for tho same reason, weigh fesstnan a p<mnd by a spring balance 
if weighed nearer to the equator and at tho same level above the sea 

The difference in the weight of a body in different localities is so slight aa 
to be of no account in questions of ordinary practical Mechanics; • but 
scientific exactness requires a measure of mass which will give tlie same 
expression for the quantity of matter in a given body, wherever it may 
be; and, since weighing is a very conrenicut way of arriving at the quantity 
of matter in a body, it is desirable that we should still be able to express the 
mass in terms of tlie weight Now, wlien a given body i.s carried to a higher 
level, or to a lower latitude, its loss of weight is simply a decrease in tlia force 
with which gravity draws it downward, and this same decrease also causes 
a decrease of the velocity/ which the body acquires in falling during any 

g iven time. The change in velocity, by Art 9 (6), p. 834, is neee.ssarily propor* 
onal to the change in weight 

Therefore, if the weight of a body at any place be divided by tho velocity 
which gravity imparts la one second at the same place (and called k, or the 
aeeel&ration of gravity for that place), the quoftent will be the same at all places, 
and therefore serves as an invariable measure of the mass. 

(c) By common consent, the unit of mass, in scientific Mechanics, is said 
to be that quantity of matter to which a umt of force can give unit rated 
acceleration. This unit rate, in countries where English mcaRures are used, 
is one foot per second, p<T second. Itremams then to adjust the units of fores 
and of mass. Two methods (an old and a new one) are in use for doing thia 
We shall refer to them liere as methods A and B respectively. 

(d) In metbod A, still generally used in questions of statics, tlie unit 
or force is fixed a.s that force which is equal to the weight of one pound in a 
certain place; i . the force with which the earth at that place attracts a 
certain standard piece of platinum called a poumi; and the unit of mass is 
not this standard piece of metal, but, as stated in (c), that mass to whu ii this 
unit force of one pound gives, in one second, a velocity of one foot per second. 
Now the one pound attraction of the earth iijmn a mass of one p mud will 
(Art. 1, p. 830) in one second give to that ma^s a velocity g or about 32 feet 
per second; and (Art. 9 (a), for a given force the masses are inversely as 
(he velocities imparted m a given time. Therefore, to give in one second a 
veloc^ of only one foot per second (instead of g or about 32) tho one pound 
anit tff force would have to act upon a mas.sp times (or alxiut 32 times) that 
which weighs one pound. 

This could be accoinydiKhed, with an Atwood’s machine, Art. 16 (c), p. 3.39, 
by making the two eijual weights each = 15}4 lbs. and the third weight = 1 lb. 


♦The greatest discrepancy that can occur at various heights and latitudes, 
by adopting weight as the ineasurs of quantity, would not be likely to exceed 
1 in 800; or, under ordinary circumstances, 1 in 1000, 
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33 ? 


By method A, therefore* tho unit of mnss is g times (or about 32 times) the 
mass of the standard pieee of metal eal led a pound; t. e., a body containing 
one such unit of mass weighs g lbs. or about 32 lbs. ; or* ti]y melhod Af 


Or, 


the weight of any given body ^ ^ the mass of the bt>dy, 
in lbs. y ^ ju units of masa 


the mass of a body* in units of mass . 
For instance: 

in a body weighing 
^ pound 
1 « 

2 “ 

32 

64 “ 


. the weight of t h e body* in pound s 
9 

the mass is about 
^ unit of mass 

1 ti <» 

•52 

* “ “ 

1 “ “ 

2 « M 

It has been suggested to call this unit of mass a *‘ Matt.’' 

(e) In metHod B, the mass of tl»o standard pound piece of platinum is taken 
as tho unit of maaa and is called a pound $ and the force which will give 
to it in one second a velocity of one toot per 8«M‘ond is taken as the unit of force. 
This small unit of force Ls called a poundal* In order that it may in one 
second give to tho mass of one [Knind a velocity of only one foot per second* it 
must (by Art. 9 5), bo _J;_ ^or alnnit of the weight of said pound mass. 

Hence* by method B, 

the ma,, of any given body, ia peumb - tjj ? j vgg' l o nh o tofcin tygd ;!. 
and 

the weight of a body, in poundals — g X the mass of the body in pounds. 


For instarce: 

In a body weighing 
poundal — pound 

1 “ " 

2 ** - iV ** 

82 “ — 1 “ 

81 “ - 2 “ 


the mass of the body is about 
pound 

A “ 

■V " 

I “ 


(f) In the €. ti. S. (centimet«r-Krain-iseeond) system, a force of 
1 dyne, acting, Tor 1 cieeond. upon a mnsb of 1 |rram, gives it a velocity of 
1 eenUmot4»r per wecoiid. See also Ait. 17 (h), p 341. 

Art. 12 (a). The pmduct, force X time, i.^ called Jmpnloe. The product, 
mass X velocity, j.s culled moiiientiim. 

According to NrwUm’H H«rond law of motion. 



Force X time 
or Impulse 

= mass V velocity 1 f. 

-- luomentuni^^l or /t --== m 

V 


. .(1) 

Korce -- 

impulse mass X velocity 

momentum 
— — ; or 

f 

m e 

. .(2) 

time 

time 

time 


i 

Time = 

impulse ni.iss x velocity 

foice foice 

iiiomentuni 

- ; or 

lor<*e 

t 

m r 

. .(3) 

Mass ~ 

momentum 

forct‘ > t line 

impulse 

m 

^ ft 

. .(4) 

velocity 

velocity 

or 

Aidoeity 

•r 

Velocity 

momeiituin 

force X time 

impulse 


/ t 

. .(6) 

ina.ss 

]ii:i.s.N 

' or 

lun.ss 

V 



♦Strictly, impulse change ol inomentuiii ; hut we here as-sume that tliecbangt 
is from or to a state of Tr.s7, so that nioineutimi “ change of moinentuni. 
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Let a force, /, of 3^0 poundals ( -- say 10 pounds *) act, for 3 seconds, 
upon a mass, m, of 5 lbs. (= say %2 matt). Here the force, /, is twice the 
weight of the mass, to. Hence the acceleration will be twice that of gravity, 
i. say 64 ft per sec per sec; and the velocity, generated in 3 secs, will be 
3 X 64 —192 ft per sec; and we have, from Eq (1): 

/ ' . < s: w . f 

Force X time - impulse mass X velocity momentum 

320 pdl X 3 sec - 960 pdl-sec n Ib.s. X 192 ft/sec ' 960 ft-lb/sec 
10 pd X 3 sec 30 pd-sec — matt a 192 ft, sec 30ft-inatt/seo 

From liq (2) we see that foro4‘ tinin ral«i of oliunico of ni<»* 

llientuiii. lienee the momentum of a body, moving with a given veloc- 
ity, is numerically equal to that force which, in unU time, can proiluce or 
destroy that velocity in that body. Thus, force** are proportional to the 
momentums which they can produce (or destroy) in a given time; or, in 
a given time, eiiual forces produce (or destroy) equal momentums. There 
fore a force must always produce ec|ual and opposite changes of momentum 
in the two bodies between which it acts. See Art. 6 (b). 

If a force, f, whose amount is 10 poundals, act upon a mass, to, of ri 
lbs,* its int^nMity is i% = 2poundal» per lb.* A force of given intensity 
will always produce its proper rate of acceleration t, or time rate of change 
of velocity. Thus: 

a force intensity of 1 jidl per lb* produces an accel., a, of 1 ft'sec'sec. 

2 “ “ “ •' 2 

“ “ “ “ K “ " “ ** K 

file Intensity (or acceleration) of aravity, or the acceleration 
produced, in any mass, by its weight, is callea g;. and at sea level i.s about 
32.2 feet, or 081 centimeters, per second per second. See p 348. 

Art. IS (a). A force i« commonly meaMured by ascertaining the 
amount of some other force which it can counteract. Thus, a spring bal- 
ance gives, by its scale, the amount of the tension, in the spring, which 
just counterbalances the weight of the suspended mass. Thus, force* 
are conveniently expreaaed by wei|i:lita. 

A force may be conatant, as that of gravity between the earth and 
a stone resting upon it. It may vary regrularly, like the pressure of 
air compress^ by a piston moving with constant velocity, or it may 
vary Irreirnlarly, as where the motion of such a piston is irregular. 
We shall defl only with forces supposed to be constant. 

Art. 14 (a). Density. The densities of materials are proportional to 
the masses contained in a given volume, as a cubic inch; or inversely as the 
volume requireci to contiun a given mass. Or, since the weights at a given 
place are proportional to the masses, the densities are proportional to the 
weights per unit of volume (or "specific ^avities") of the materials Thus, 
a b^y weighing 1(X) lbs. per cubic foot is twice as dense as one weighing 
only ^ lbs. per cubic foot at the same place. 

Art. 15 (a). Inertia. The inability of matter to set itself in motion, oi 
to chat^ the rate or direction of its motion, is called its inertia, or inert- 
aess. When we say that a certain body has twice the inertia (inertness) of 
another one, we mean that twice the force is required to give it an equal 
rate of acceleration; and that, since all force (Art. 5 /) acts ecjuallv in both 
directions, we experience twice as great a reaction (or so-calleil "resist ance”) 
from the larger body as from the smaller one. The " inertia" of a body is 
therefore a measure of the force required to produce in it a given rate of 
acceleration; or, which is the same thing, it is a measure of the mass of the 
body. We may therefore consiiier "inertia” and "mass" as identical. 

(b) What is called the "resistance of inertia” of a body, is simply the 
reaction (i. e., one of the two equal and opposite actions) of whatever force 
we apply to the body. Hence, its amount depends not only upon the mass 
of the boily, but also ufion the rate of acceleration which we choose to 


* In order to distinguish between the pound of mass and the pound oi 
force (weight of a pound of mass at sea level), we here use "pound” or 
"pnd” or “pd" for the pound of force, and "lb" for the pound of mass, 
"pdl" for poumlal. 

+ Saa foot-note t. P 334. 
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give to it Therefore we cannot tell, from the mass or weight of a body alone, 
what its “ resistance of inertia*' in any given case will be. 

Art. 16 (a). Forces In opposite directions. When two equal and 
opposite forces act upon a body at ibe same time, and in the same straight line, 
we say that they destroy each other’s tendencies to move the body, and it remains 
at rest. If two unequal forces thus act in opposition, the smaller force and an 
equal portion of the greater one are said to counteract each other in the same 
way, but the remainder of the greater force, acting as an unbalanced or unresisted 
force, moves the body in its own direction, as it would do if it were the only 
force acting upon it. 

Thus, when we move bodies, in practice, we encounter not only the “ resist- 
ance of inertia" (i. we not only have to exert force in order to move inert 
matter), but we are also opposed by other/orcAf, acting against us, as friction, 
the resistance of the air, and, often, all or a part <if the weight of the body. By 
" reNistanceR,” in the following, we mean such resisting /orces, and do uot iuclnde 
in the term the “ resistan(‘e of inertia.'* 


(b) If separated, the two bodies, A and B, of S ftis and 2 lbs respectively, would 
fall with equal accelerations = g‘, each unit, , of mass being acted upon by its 

own weight, W. But , connected as they are, A will 
move downward, and B upward, with an acceler- 
ation = only for now an unbalanced force of 


T-2A 


T-2.4 


= 0.4 ft). 


3 


T.2.4 

02 


B 


only 3 — 2 -- 1 lb must give acceleration to a mass 
of ^ ^ -- But, to give to a ma.ss, B, of i 

^ * 2 2 * 

accel of requires a force of . f = i ft» ^ 

5 ^ g 5 6 

This, plus 2 ftw (require)! to balance the weight of 
B) is the tension, 2.4 tt>s existing throughout the 
cord. Exerted at A, this tension balances 2.4 of 

the 3 ft>s weight of A. The remainder (3 — 2.4 0.6 ft>) of the weight, acting 

downward upon the mass,®, of A, gives to it the required acceleration of 

f,„ „cr» 0.6 ^ 34 * . . 02 g = f . 

mass g 3 5 

Or we may r^ard the total tension, 2.4 R)8, in the cord at A, as acting upon A 
and giving to it a negative or upward acceleration of 2.4 -i- ® = 0.8 g, which, 
deducted from g (the acceleration which A would otherwise have) leaves 
Accelerat ion = g — 0.8 g = 0.2 g = |. 

Let W = weight of A 
w == weight of B 

F — net force available for acceleration --- W — w 
W -f w 

M ^ combined mass of both bodies = — - 

g 

in = mass of B ~ 


g 

a - acccleral ion 
T — tension in cord. 

(W — w) - 


T = w + m a 


gJW — w) 
W + w 


w f - a w + - • 
g g 


?. / I W--\ 

W + w \ ^ W + .)• 


(c) An “ Atwood's ftfnchine*' consists essentially of a pulley, a flexible 
cord passing over the pulley, two equal weights (one suspended at each end of 
the cord), and a third weight, generally much lighter than either of the other 
two. The two equal weights balance each other by niciins of the pulley and 
cord. The third weight i.s laid upon one of the other two weights. The fored 
of gravity, acting upon the third weight, then sets the masses of the three 
weights in motion at a small but constantly increasing velocity. In order to di 
this it must also overcome the friction of the pulley and cord, and the rigiditj 
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of the latter; but, as these are made as slight as possible, they are, for coih 
Teiueuce, neglected. The mauhine is used for illustrating the acceleration giren 
to inert mailer by unbalanctid force, and forms an excellent example of the two 
distinct duties winch a moving force generally has to perform, viz: (1st) the 
balancing of resistance, and (2iid) acceleration. 

(d) In the case of a locomotivo. drawinfc a train on a level, fric- 
tion and the resistance ol the air are the only rosiatance.s to be balanced ; for the 
weight of tlio train here opiaises no resistanee. I'liless the force of the steam is 
ywre than sufficient to balance the reBi.stances, it cannot move the tram. If it 
exceeils the resistances, the e-xeess, howc\er slight, gives motion to the iaert 
matter of liie liain. If, at any momeut while the tiam is moving, the force of 
the steam hceonies jiai equal to the 7rsisttmcti (wlnMljer by an increase of the 
latter or by dimitiislting the foice) the tiain will move on at awHi/wwi velocity 
equal to that which it had at the moment when the force and resistance were 
e<iualized ; and, if those could always 1 m* kept equal, it would so move on forever. 

But so long as the excess of steam pressure over the resistances continues to act, 
the velocity is increased at each instant; for during eacli such instant the excess 
of force gives a small velocity m addition to that already existing. 

On a level railroad, let 

p =x the total tractive force of the locomotive = say 13 tons 
W = weight of locomotive = 60 tons 
w =■ weight of train = 336 tons 

R = resistance of locomotive (including internal friction, etc.) *= 8 tons 
r resistance of train — 1 ton 

F «“ net force available for acceleration — P- R — r = 9 tons 
w • W + w 60+.336 

M =- mass of engine and tram — - ^ 

m — mass of tram — ^ 32 2 “ 

a =- acceleiation (Here the unit of mass is 

T = tension on draw-bar. 2240 malts. See .\i 1. 1 1 d, e.) 

Then : Acceleration a ^ = 0.75 ft i>er second per second. 

The tension T on the draw-bar = resistance of train -f force causing accel- 
eration a, or T = r + m a — 1 + 10.44 X 0.75 = 1 + 7.83 -- 8.8;i tons. 

This tension, T, pulling backward against the locomotive, causes there a 

retardation, or negative acceleration, of y- . — — *= 6.69 ft 

’ ^ mass of locomotive 50 

per sec per sec, and thus reduces, by that amount, the acceleration which the 

locomotive would otherwise have, and which would be — ^ 

-• 6.44. This, less 5.69, = 0.75 ft per sec per sec =» acceleration of train. 

fe) If the tractive force of a locomotive exceeds the resistances, due to friction, 
grades, and air, tlie velocity will be accelerated; but it then becomes more diffi- 
cult to maintain the excess of force, for the pistons must travel faster through 
the cylinders, and the lioiler can no longer supply steam fast enough to maintain 
the original cylinder preh.sure. Besides, some of the resistances increase with 
Increase of velocity. \Ve thus reach a speed at which the engine, although 
exerting its utmost force, can do no more than balance the resistances. The 
train then moves with a uniform velocity equal to that which it had when this 
condition was reached. 

When it becomes necessary to stop at a station some distance ahead, steam is 
shut off, so that the steam force of the engine shall no longer counterbalance or 
destroy the resisting forces; and the numlier of the resistances themselves is In- 
crea.sed by adding to them the friction of the brakes. The resistances, thus 
increased, are now the only forces acting u|)on the train, and thei** acceleration 
is negative, or a retardation. Hence, the train moves more and more slowly, and 
must eventually stop. 

(f) Caution. When two opposite forces are in equilibrium, an addition to 
one of the forces does not always form an unbalanced force ; for in many cases 
the other force, inci'eatei eaually, up to a certain point. For instance, when we 
attempt to lift a weight, W, its downward resutancet Rt remains constantly just 
equal to our upward pull, P, however P may vary, until P exceeds W. Thus, R 
can never exceed W, but may be much lei% tnan it. Indeed, when we stop pull- 
ing, R ceases, although W (the attraction between the earth and the weight) 



FORCE IN RKIID RODIES. 


341 


cour p rcmdiii^ unchanged thtoughout Sucli varialion of ic-Kting foiLP, to meet 
varying cleindn<l-,, ocrurs in all tlioa- iimumcrahle cabC'- where structures sustain 
varying loads within theli ultimate strength 

Art. 17 (a). AVork. Force, when It moves a hodj,' is said to do “work ” 
upon it. The whole work done hv the force in moving the hotly thiough anv dis- 
tance is measured hv multiplvlng the fotcc by the distance; or. Work — Force 
X distance 1! the fotce is taken in poun<ft, and the dtsfoace in ftni, tlio product 
(or the wot A doncl will he in foot-poinuli- ; if the foice is in tons and the distance 
in inches, the inodiKt will he in inch-tons; and so on t 

Thus, if a fotce of moves a body through we have work — 

1 pound 10.000 feet 10,000 foot-pounds 

lOOiKUinds 100 " 10,000 

10,000 “ 1 foot 10,000 

or. in anv ease, if a force of / pounds move a body through a feet, it does f a foot- 
pounds nf work. Thug force tlic linear rale of work. ( f ='f<f -- 

(b) With English measures, tlie ordtna^ unit of work is the foot* 
l»oiin<l. The metric nnit of work is the kilog^rain-meter. See 
(Conversion Table's, p. 2117. 

Ill the t’. W. N. M^Ntcin (All. 11 f), 1 dyne, acting through 1 centimeter, 
ilocs 1 erpr (1 dyiiC'Cctitimetcr) of work. 1 joule (p. 237) = 10,000,000 
ergs - 0.7!l7:i foot-pound. 1 foot-pound — about 18,563,000 ergs. 

(c) In most cases, a portion at least of the work done by a force is ex- 
pcndcMl ill ov«*rcomin{r rcsiHtancca. Thus, when a locomotive begins 
to move u tiain, a portion of its foice woiks against, and halanccs, the lesist- 
aiices ol friction or of aii up-giade, while the remamder, acting as unbalanced 
force upon the inert mass of the train, increases its velocity. 

An upwatd pull ol exactly one pound will not raise a one pound weight, but 
will merely balance tlie downward foice of gravity. If we increase the upward 
pull from one pound (= 16 ouiices) to 17 ounces, the ounce so added, being 
unbalanced force. Will give motion to llie mass, and vill accelerate its upward 
velocity as long us it contiiiu<*s to act. If wc now reduce the upwaul pull to 1 
pound, thus niuking it just etpial to the downward pull of gravity, the body will 
move on upward with a uniform velocity • but if we reduce the upward force to 

15 ounces [louud), Iheu there will tic an unbalanced dourtu atd force of 1 

ounce acting uixm the body, and this downward force w ill generate in the IkhIv 
a downward or negative accelciatioii or rctanlation , and will destroy the upward 
velocity in the same time as the upward excess of 1 ounce required U) produce it. 

During any time, while the 17 ounces upward “ force” were acting against the 

16 ounces downward “ resistance,” tlie product of total upward force X distance 
must be greater than that of lesistanee X distance. The excess is the work done 
in accelerating the velocity, by virtue of which the body has acquired kinetic 
energy or capacity for doing work in coming to rest. 

On the other band, while the upward velocity wa.s being retarded, the product 
of total upward force X dist was less than that of resistance X dist, the difference 
being the work done by the kinetic energy against the resistance of gravity. 

In practice, the term “ work” is usually restnetevi to that portion of the work 
which a force jicrfornis in balancing therciiVowm’ whi<-li not against it ; In other 
words, to the work done I>y so much of the foix’e ns is equal to the resistance. 

With this restriction, we have work — force X dist, ~ resistance X dist. 

Thus, if the resistance be a friction of 4 lbs., overcome at every point along a 
distance of 3 feet; or if it lie a weight of 4 !bs., lifted 3 feet high, then the work 
done amounts to 4 X 3 = 12 foot^Sbs, provided the initial and the final velocities 
are equal. • 

(d) In cases where the veloelty Is uniform, as in a steadily running 
machine, the force is necessarily equal to the resisiance ; and where the velocities 
at the beginning and end of any work are equal (ns where the machine starts 
from rest and comes to rest again) the mean force is equal to the mean resistance. 
In such cases, therefore, the two products, mean force X distance, and mean 
resistance X distance, are equal, and we have, ns b<ffore. 

Work = force X dist = resistance X dist. 

* A mail who is standing still i.s not considered to l>e working, any more than 
is a i)Ost or a rope when sustaining a heavy load ; although he may be supporbi 
ing an oppressive Inirden, or holding a car-brake vrlth all his .strength ; for bit 
force moves nothing in either case. 

f These products must uqt be confounded with moments, force X leverage. 

20 
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(f) III f'lilciilttting the work dono hy nmdiinery, iillowanro mud be made for 
his expenditure of a portion ot tlie work in overroming resistanci'S. Thus, in pump- 
ing water, part of the applied force is rwjiiired to Italaiicc the frution ol the iliffetenl 
parts of the luiiuj); so that a steam or water “power,” exerting a force of 1(H) It's, 
and moving b feet per second, cannot raise 100 H'S. of water to a height of G feet 
per seiond Therefoie machine-,, so tar fi-om yoimnij poicei, aecoidingto the iMipular 
idea, aetu-ill.v los(« it iii one sense ol the word. In nUirtiutj a ]pieee ot machinery, tlie 
forces ernpippyed have (Ist) to balance, react aaainat, oi destroy the resisling force 
of fiiction ami (lie cohesive lorces of the material whuh is to he operated on; and 
(2d) to give motion to the unresisting matter of the mat bine and of the mateii.tl 
opei-ateti on, after the lesisting forces whuh hiul acte<l uptpu them have thus been 
rendered inetleetive. But after the desired velocity lias Ueeii established, tlie fiprct'S 
have merely to bulnuce the remtimces in older that the velocit) maj tonlinue iinlloim. 


(ff) That iKirtioii of the work of a machine, etc., which is exipeiidi'tl against fric- 
tion 18 somotiiues calletl “lost work” ol “■ j,r*- judicial work,” while only 
that portion is called “uaeftil work” which remleis visible and tangible seivice 
in the shape of output, etc. Thus, in piiinpin ; watei, the wink done in oveicoiniipg 
the fiiction of the pump and of the water is saiil tip 1 e lost or pip-jndicial, while tlie 
useful work would bo repieseiited by the pioduct, weight ot water delivered X lieight 
to which it is lifted. 

“The distinction, although artificial, and somewhat aibitrarv, is often a verj con- 
venient one; but tlie work is of course not actually “ h'st,” and still less is it “ pre- 
judicial for the water could not bo dolivertHl vvilhont first oveicomiiig the resist- 
ances. A niereliant might as well cull that poition ttf his niipiiej lost which lie 
expends for clerk-hiie, etc. 

(h) For a giveri force and disAoicc, the work done la liidepeiid«“iit of the 
time; for the product, force X distaiwe, then remaius the same, wliatevei the time 
uiHV lie. But the distance Ihnnigh wliit h a given four will wtprk at a given ylppt itv 
is of course proportional to the time diiiiiig which it is allowed to vvoik Thus, in 
order to lift -id iHuinds KHl feet, a man iini.st do the same wtpik. ( ■ ■'’HKH) foot-pounds) 
vvhethoi he do It in one hour or in ten; hut, if he exerts constantly the etniip Jotre, 
ho will lift 5d ths. ten times as high in ten houin as in one, and thus will do ten times 
the woik. Thus, for a[ iven Arne, tlir work la proporf loiinl fo the lime. 

Art. IS (» ., Power. The quantity of any woik may evhleiitly he ctpiisideied 
without regal I to tli'* time reppiired to |M*rfoim it; hut vvi* oitmi nsjniie to know tlm 
rflteatwhuh woik can he done; that is, how much can be done within a (eit.iiii 
time. , 

The rate at whii'h a machine, etc can woik is call'sl its power. Tims, in seleiling 
a steam-engine, it is important to know how much it < .in do jici n/oui/e, hour, ipi <linj 
We therefoie stipulatp* that it shall be of so iiiany hoi He-powerx \ which means iipptlping 
more than that it sliall he capable of oveicomiiig lesisling foivp-s at the rate (pi so 
many times ikl.UOO foot-pounds per minute when running at a unifoim velocity, t. e., 
when force X distance ™ resishiiice X distance. 

(b) The liorge-powtir, 3:1,000 foot-pounds per minuti*, or 5 .'p 0 foot ivounds pi^r 
second, is the nnit of power, nr of rate of work, commonly nsed in connec- 
tion with engines. Tim metric horae-power, (Mlled “force da 

cheval,” “ chcval-vapeur,” or ((iorniani “ I’feidekralt,” is 7.'> kilogniin-meters pia 
second = 542.48 ft.-lt)s per sec, — 32, ‘49 ft -ftps, jier miiinte (I '.>.'«p 3 lioi-H«‘-|power. I 
horse-ptiwer = 1.0138 ” force de cheval.” In theoretical MedianicH the fool-poiiiid 
per second is used in English measure; and the kllonraiii-meler per »ec- 
ond in meti ic measure, 

1 foppt-poiind per second ^ 0.13825 kilogram-meter per s^*^(PTK^. 

1 kilogrptm-meter per second = 7.23:jl foot-pounds per second. 

/c) Up to the time when the velocity becomes uniform, the power, or rate of 
work, of file train, in Art Ifi (d), raruihle, being giadually ar<e!er»tied 

Korin eacb secpmd it overcomes its resistances (and moves its point of application) 
ihrmif/h a greater tlixtance ttiaii during the preceding second Also, alter the steam is 
shut off, the rate of work is variable, being gnidiially retarded When the force of 
the steam jnst balances the resistances, the rate of work is uniform. 


(d) Power = force X velocity. Since the nde of work is equal to the work 
don."' in n (firen time, as so many foof-pounde per fiecond, we may find it by dividing the 
work ill fiiot-pounds done during any given time by the niimher of seconds In that 


Power =» rate of vvork = 


forc^ln pounds y distance jn feet 


time in seconds 
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But this is equivalent to 

Power = rate of work = 


force in pountls X 


distance in feet 
time in seconds 


^ force in pounds X velocity in feet per second. 


Or if we treat only of the work of that force which overcomes resistances: or In 
eases where the velocity is either uniform throughout or the same at ttie 
beginning and end of the work; 

Power rate of work resistance, w velocity, 

in ft-lbs. per sec. “ in ftrlbs. per sec. m lbs. in ft per sec. 


Thus, if the resistance is 3300 lbs. and is overcome through a distance of M 
feet in every minute; or if the resistance is 33 lbs. and is overcome through 
a distance of 1000 feet per minute, the rate of the work U in each cm 
the same, namely, 33,000 foot-pounds per minute, or one horse-powerj fat 

lbs. vel. lbs. vel. 

8300 X 10 — 33 X 1000 — 33,000 foot-pounds per minute. 

(e) The same “power” which will overcome a given resis^ce through It 
Riven distance, in a given time, will also overcome any other resistance through 
any other distance, in that same time, provided the resistance and dw^ce 
when multiplied together give the same amount as m the first case. Ihui 
the power that will lift 60 pounds through 10 feet in a second, will in a second 
lift ^ pounds, 1 foot; or 25 pounds, 20 f<*et; or 5000 pounds of a foot 
In practice, the adiustmentof the speed to suit different resistances, is usually 
effeiited by the medium of cog-wheels, belta, or levers. By means <s 
these the engine, w'ater-wheel, horse, or other motive power, exerting a 
force and running at a given velocity, may be made to overcome small resisb 
ances rapidly, or great ones slowly, as desired. 


Art. 19 (a). The work which a body can do by virtue of Ita 
motion} or (which is the same thing) the work required to bring 
the body to rest. Kinetic energy, vis viva, or ** living force." 

As already remarked, a force equal to the weight of any bo«iy, at any place, 
will, in one second, give to the mass or matter of the body a velocity or 
(on the earth’s suriaco) about 32.2 feet i)er second. Or if a body I >0 thrown 
upward with a velocity — its weight will stop it in one second. 

Since, in the latter case, the veloidty at the beginning and at the end of the 
second are, respectively, -• g feet per second, and 0, tlio mean velocity of the 

body is feet per second. Therefore, during the second it will ri.se fee^ 

or about 10 feet. In other words, the work which any body can do, by virtue 
of being thrown vertically upward with an initial velocity (velocity at t^ 
start) of g feet per second, is equal to the product of its weight multiplied uf 

-|-feet. Or, 

work in foot-pounds — weight X 


Notice that in this case (since the initial velocity v is equsd to gr), JL. L 

g 

Suppose now that the same body be thrown upward with double the former 
velocity; i. e., with an initial velocity equal to2ff (or about r.4 feet per second). 
Since gravity requires (Art. 8 c), two seconds to impart or destroy this 

velocity, the body will now move upward during two seconds, or twice as long 
a time as before. But its mean vetoritg now is a, or twice as great before. 
Therefore, moving for double the time and with double the velocity, it will 
travel /our as far, overcoming the same resistance as before (Viz.: its 
own weight) through four times tne distance. 

Thus, by making its initial veloc% v — 2 gr, {. e., by doubling its -L-, making 

fir 

It — 2, we have enabled the body to do four times the work which it could 
do when its JL was 1; so that the work in the second case is equal to ttH 
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product of that in the first case multiplied by the tqaart JL^ ai; 

in'fwL - y. J-X (-J-)* 

— weight X X 

2 §* 

— weight X ~ 

2<7 

And it is plain that this would be ithe case for any other velocity. Now th< 
total amount of the work which the body ran do, is independent of the 
auiouJit ot the resistance against which it is done; for if we inrroase the 
resistance we diminiah the distance in the same proportion, so that their 
product, or the amount of work, remains the same. Tlio above lormulav 
therefore, applies to all cases; t. c., the total amount of work, in foot 
pounds, which any body will do, against any resistance, by virtue of its motion 
alone, in coming to rest, is 

Work- w»ighl of moving body, in lbs. x 'snaro of it. volojHvIn ft por_soo;d 

— weight of moving body, in lbs. X fall in ft required to give the velocity 
^ weightofmovingbody,iD lbs. ^ square of its velocity in ft per second 
g 2 

In these equations, the weight is that which the body has in any given placet 
and g is tlie acceleration of gravity at that same place. 

(b) Since the is its mass (Art. 11, p. 336), the last formula 

leoomes, by “method Aj” Art. 11 (d), 

work mass of moving body ^ squa re of its velocity in ft per second 

in iooirpoundi in ^'mattP' - 2 

and by “method B,” Art. 11 (o), 

work tnass of moving body w s quare of its velocity in ft per second 

in foot^ioundote" Jn pound# ^ ~ 2 

(c) In the above equations the itff hand side represents the work (or resis- 
tance overcome through a distance) in any given casc.whilo the right hand 
side represents the kinetic energy of the body, by whu h it is enabled to do 
Chat work. Some writers call this energy «* via vlv»,»» or “ living lorce” a 
name formerly given (for convenience) to a quantity just double tha energy, 
or — mass X velocity®. 

Id) As an illustration of the foregoing, take a train weighing 1,120,000 
pounds, and moving at the rate of 22 feet pt-r second. T^e kinetic energy 
«f such a train is , 

energy . weight X — 

ig 

1,120,000 lbs. X — 8,400,000 ft-lbs. 

64.4 

That Is. tf steam be shut off, the train will perform a work of 8,mO0O ft-lbs. 
in coming to rest Thus, if the sum of all the resistances (of friction, air, 
grades, curves, etc.) remained constantly — 6000 lbs.,* the train would travel 

8,400,000 ft.-lb8. _ ^ 

6000 lbs. 

M We thus see that the total quantity of work which a body can do by virtue 
of its motion alone, and without assistance from extraneous force.s. Is In pr^ 
portion to the weight of the body and to the 

Mgins to do the work. For example, suppose that a tram, at the mumoni 
when ateam is shut off. has a velocity of 10 miles an hour and that the kinetic 
ener^I^ch that velocity give.s it, will by itself carry the train against the 

•In practice, this would not be the case. 
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resistances of the roa<J, etc., for a distance of one quarter of a mile before it 
stops, ''rhen, if steam be shut off wliile the tram is moving at 5. 20, 30 or 40 
miles per hour (i. e. with *4, 2, 3 or 4 limes 10 miles per hour) the train will 
travel 1, 2]i or 4 miles (or I 4 , 4, 9 or 10 tunes mile) before coming te 
lest. The resistances are here supposed to be uniform. 

But the tiTfic rate of work done is proiiortional simply lo the resistance and 
the velocity (Art. 18 d). Therefore, the locomotive whose steam is shut off 
at 20, .30 or 40 miles per lumr, will require, for running it« 4, 9 or 1 b quarters 
of a mile, but 2, 3 or 4 tunes a^ mau> seconds as it required at 10 miles per hour. 
The same principle upjdics to all cases of acceleration or of retaniation. 
For instance, in the case of a falling bod5'’, the distance through wduch it 
must fall, in order to acquire any given velocity, is as the square of that 
velocity, but the time required is simidy as the velocdq. Also, if a body is 
thrown vertically upward with any given velocity, the height to which it will 
rise, bv the tune gravity tlcstroys that velocity, will be as the square of the 
velocity, but the time will be simply as the velocity. 

Ari. 20 (a). When a body, starting from rest, and moving, under the 
action of a constant force, iliirmg a time, t, has acquired a velocity, v, its 
mean velocity, during the tune, t, is and the distance traversed is 

s V 1. Bmce m v = f t (.Ait. 12) we have- 


m 

2 ~ 


m V- 


V 

2 


f - f s; 


nr, file kinetic enerjfy. K v®, of a moving botly, la equal to 

file work, f n, done by a force, f, in {iroduring or destroying the 
momentum, m v, while traversing tlie space, s. 


„ / 1 - V* 

Bince f s = K — '.r' * 

we have 

f s _ P Y. ^ _ m v f ^ 

t ’ t ~ 2 t 2 ’ t ' 2 ” 2 ' m ’ 

or: time rate ol' work 

- mean momentum X acceleration 
^ mean momentum > force intensity ; 


ft'lbs poundals _ ft-poun dals 
sec ’ lb second 

In other words, if a mass, of m lbs, be moving with velocity, v ft per sec, 
it has a momentum of m v ft-lbs per second and an energ3% K, of ■ — , — ft-lbs; 


and , — ft-1 


f 8 ftqwundal.s, of work must have been done upon it, 


in order to give it the velocity, v; and an equal amount of work must be 
done in order to bring it to rest. 

Thus, if m — 4 lbs, and v - initial velocity = 12 ft per sec ; we have 
m V -- 4 X 12 48 ft-lbs per sec, and K — f s -- ' mv-^- = 

48 X fi - 288 ft-lbs. 


By selecting different forces, f, to bring this mass to rest, we obtain 
different accelerations, different time rates of w-ork, etc. 


The mouienfam, ni v, at any moment, is necessarily double the 


mean momentum, which the mass has during the time, t - - ^ , in which 
it accpnres or loses the velocity, v, umler the ai lion of any constant force, f. 

Let the weight of a falling body W, and the acceleration of gravity = 
g. Then W . . -' weight X mean velocity X time of fall - weight 

V® W m 

distance fallen W . - ^ ^ the work done ^ -y- the 

kinetic energy acquired. 
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Art. 21 (h ). Eiioriry In Indofttructible. Energy, expended in work.ui 

not destroyed. It is either transferred to other bodies, or else stored up in the 
body itself; or part may be thus transferred, and the rest thus stored. But, 
although energy cannot be destroyed, it may be rendered useless to us. Thus, 
a moving tram, in coming to rest on a level track, transfers its kinetic energy 
into other kinetic energy; namely, the useless heat due to friction at the rails, 
brakes and journals; and this heat, although none of it is destroyed, is dissipated 
in the earth and air so as to be practically be 5 'ond our recovery. 

Art. 23 (a). Potential enerjfy, or possible energy, may be defined as 
stored-up energy. We lift a one-pound body one foot b> expending upon it 
one foot-pound of energy. But this foot-pound is stored up in the “.system" 
teomposed of the earth and the bodj) a.s an addition to its stock of potential 
energy. For, while the stone falls through one foot* the s>stem will aeipiire 
a kinetic energy of one foot-pound, and will part with one foot-pound of its 
potential energj*. 

(b) The potential energy of a “system” of bodies (such as the earth and a 
weight raised above it, or the atoms of a mass of powder, or those of a bent 
spring) depends upon the relative posihona of those bodies, and upon their 
tendencies to change those positions. The kinetu energy of a Bj'stern (such as 
the earth and a moving tram of cars) depends upon the masses of its IkkIics 
and upon their motion relatively to each other. 

Familiar instances of potential energy are — the weight or spring of a clock 
when fully or partly wound up, and whether moving or not; the pent-up water 
in a reservoir; the steam pressure in a boiler; and the explosive energy of 
powder. We have mechanical energy in the case of the weight or springs or 
water; heat energy in the case of the steam; and chemical energy in that 
ol the powder. 

(<•) In many cases we may conveniently estimate the total potential energj- 
of a system. Thus (neglecting the resistance of the air) the explosive enerp' 
of a pound of powder is = the weight of any given cannon ball X the height 
to which the force of that powder could throw it, the weight of the ball X 
(the square of the initial velocity given to it by the explosion) -i- 2g. But in 
other cases we care to find only a certain definite portion of the total potential 
energy. Thus, the total potential energy of a clock-weight* would not be 
exhausted untU the weight reached the center of the earth; but we generally 
deal only with that portion which was stored in it by winding-up, and w'hich 
it will give out a^ain as kinetic energy in running down. This portion is - the 
weight X the height which it has to run down = the weight X (the square of 
the velocity which it would acquire in falling freely through that height) — 2g. 

There are many cases of enerp- in which we may hesitate as to whether 
the terra “kinetic" or “potential” is the more appropriate. Thus, the pres- 
sure of steam in a boiler is believiKl to be due to the violent motion of the 
particles of steam, which bombard the inner surface of the boiler-shell; so 
that, from this point of view, we should call the energy of steam kinetic. But, 
on the other hand, the shell itself remains stationary; and, until the steam is 
permitted to escape from the boiler, there is no outward evidence of energy 
in the shape of work. The energy remains stored up in the boiler ready for 
use. From this point of view, we may call the enerp' of steam potential energj . 

(e) It seems reasonable to suppose that further Knowledge, as to the nature 
of other forms of energy, apparently potential (as is that of steam), might 
reveal the fact that all energy is ultimately kinetic. 

Art.2S(a). There is much confuNion of ideaM in regard to those 
actions to which, in Mechanics, we give the names, “force,** “enerjfy,** 
“ power,*’ etc. This arises from the fact that, in every-day language, these 
terms are used indiscriminately to express the same idi'as. 

Thus, we commonly speak of the “force" of a cannon-ball flying through the 
air, meaning, however, the repulsive force which would be exerted between the 
ball and a building, etc. with which it might come into contact. This force 
would tend to move a part of the building along m the direction of the flight 
of the ball, and would move the ball backward; (i. e., would retard its forward 
motion). But this great repulsive “force” does not exist until the ball strikes 
the building. Inde^, we cannot even tell, from the velocity and weight of the 
ball, what the amount of the force will be, for this depends upon the strength, 
etc., of the building. If the building is of glas-s, the force may be so slight as 
scarcely to retard the motion of the ball perceptibly, while, if the building is an 


♦For convenience we may thus speak of the energy of a system of bodies 
tihe earth and the clock-weight) as residing in only one of the bodies. 
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earth embankment, the force will be much greater, and may retard the motion 
of the ball 80 rapidly as to entirely stop it before it has gone a foot farther. 

The moving ball has great (kinetic) energy; but the only force that it exerts 
during its flight is the comparatively very slight one required to push aside the 
particles of mr. 

The energy of the ball, and therefore the total work which it can do, are inde- 
pendent of the nature of the obstruction which it meets ; but since the work is 
the pr^uct of the resistance oflered and the distance through which it can be 
overcome, the distance must be inversely as the resistance ottered ; or (which is 
the same thing) inversely as the force required of, and exerted by, the ball in 
balancing that resistance. 

Since work, in ft.-tt)s. = force, in R»8 , X di.stance traversed, in feet, we have 
work, in ft.-fl'S. 


force, in J 


rate of work , 
in ft.-lbs. per foot. 


’ di.stance traversed, in feet 
Art. 24 (ab An impact, blow, stroke or collision takes place when a 
moving body encounters another bo<ly. The peculiarity of such cases is that 
the lime of ncJwn of the repulsive force due to the collision is so short that gen- 
erally it is impossible to measure it, and we therefore cannot calculate the force 
from* the momentum produced by it in either ol the two bodies; but since both 
bodies undergo a great change of velocity (i. e., a great acceleration) during this 
short time, we know that the repulsive force acting Iteiween them must be very 


greaL. 

We shall consider only ca.ses of direct iiiipac*! . or imjiact where the centers 
of gravity of the two bodies approach each other in one straight line, and where 
the nature of the surluces of contact is such that the repulsive 

force cau-sed by the imfiart also acts through those centers and in their line of 
approach 

(b) I'his force, acting equally upon the two bodies (Art. 6^, for the 

same length of time i namely, the time during which they are in contact), neces- 
sarily produces equal and opposite changes in their monientums (Art. 12, p 388). 
Hence, the total momentum (or product, nia.s.s X velocity) of tlie /wo bodies is 
always the same after impact as it was before 


(c) But the relative behavior of the two bodies, after collision, depends upon 
their elasticity. If they could be perfectl> inelastic, their velociiic.s, after im- 
pact, would bo equal, in other words, they would move on together. If they 
could Ihj perfectly efoshc, they would separate from each other, after collision, 
with the same velo(*ity with which they approached each other liefore collision. 

(d) Between these two extremes, neither of which is ever perfectly realized in 
practice, there are all pos.sibledegree.s of elasticity, withcorre.spondingdiflerences 
in the behavior of the bodies The subject, especially that of mdirect impact, is 
a very complex one, but seldom conies up in practical civil engineering. 


(e) " In some careful experiments made at Portsmouth dock-yard, England, a 
man of medium .strength, and striking with a maul weighing 18 lbs., the handle 
of which w’as 44 inches long, \>o.xo\y started a bf>lt about Ynof an inch at each 
*»low ; and it required a quiet pressure of 107 tons to press the imltdown the 
same quantity ; but a .small additional weight pressed it completely home.” 
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GRAVITY, VALLING BODim 
Bodies falling vertically. A body, falling freely in vacue 
from a state of rest, acquires, l»y tlie end ol the. first second, a velocity of about 
32.2 feet per second ; and, in each succeeding second, an addition ol velocity, or 
acceleration, of about 32.2 feet per stcond. in other words, the velocity receives ia 
each second an acieleratiou ut auout 6A:l feet per second, or is accelerated at th« 
rate of about 32.2 feAt per second, per second This rate is generally called (for 
brevity, see foot-uotbjf p. 334), simply the acceleration of gravity (but see * 
below), and is demoted by g. It increases from about 32.1 fi-et per second, per 
second, at ibe oquaiur, to about 32.5 at the poles. In the latitude of London it it 
32.19. These aio its values at sca-level; but at a height of 5 miles above that level 
tt is dimiuisbud by only about 1 port in 400. For most practical purposes it may bs 
token at 32.2. 

flaution. Owing to the resistance of llie air none of the lollow- 
ing rules give perfectly accurate result^ in piactice, esuccially at great vels. 
ThA greater the specific gravity of the body the better will be the result. The ait 
realafN rlslua and falling bodies 
If a body be thrown vertically upwards with a given vel. it will 
rise to the same height trom wbicb it iiui.at have fallen in ord»*r to acquire said 
vel ; and Its vel will be retarded in earh second 3‘2.2 ft per sea its average ascend- 
ing velocity will be half of that with which it started ; as in all other cases of 
uniformly retarded vel. In falling it will acquire the same vel that it started 
up with, and in the same time. See above Caution. 


Ac'celeration acquired* 

in a given time = ff X time 

in a given fall from rest = i'' 2 p X fall, 
in a given fall from rest i twice th e fall 
and given time i ^ time 
Time required 

, . , , acceleration 

for a given acceleration — — ^ — 

for a given fall from rest =- .i — 

^ )r; tinal velocity 

for a given fall I roiu rest f f.ill _ fall 

orotherwise / iiumii v*l (mitl.il \el r final vel) 


in » given time (starting from re.st) ^ time X % final vei ^ time • X 
In » glT.B tim« (.(.rtlng, vcl -limex 

from rest or Otherwise) / 2 

reqd for a given acceleratiiMi ) _ accelorationi* 

(staiting from rcit) > 2 </ 

during any one given second (conniing from rest) 

g X ^number of the second (Isl, 2d, Ac) — 
during any equal consecutive times (startittg from rest) « 1, 3, 5, 7, 9, Ac. 


a*"*} 


At the end of the 

Ist. 2d. 3(1, 4tb. 5tli. fitb. 7tb. 8lh. 9tli. lOlh 

seconds 


S'cloeity; ft per sec. 
Idst fallen since end 

32.2|r,t.4j 96.f>|l28 8 

161.0 19.3.2] 225 4 

257.6 

1 289.8 

of preceding sec; ft. 

16.1 48.3, 80,5! 112.7 

144.9 177.1 209.3 

241.5 

27.3.7 

Total dist fallen; ft. 

16.1 64.4' 144 9! 2.57.6 

402.5 .579.6} 788 9 

i 1030 4 

1 1304 1 


* By “acceleration,” in thu article, we mean the total acceleration: i . the whole 
change of velocity occurring in the given liiueor fall. For the rffl/eofaceeleraHnn 
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l>e«e(!nt on Ineliiied plancii. Wljen a body, U, is placed 
upon an iuclmeti plane, AC, its whole weight W is not employed lu giving it 
velocity (as in tlie ease of bodies tailing vertically) 
but a portion, P, of it (= W X cosine of o = W X 
cosine of a*) is expended in perpendicular pressure 
against the plane; while only H, (= W X sine of o 
•“ W X sine of «,*) acts upon U in adireetlon parallel 
to the surlace A C of th<‘ plane, and tends to slide it 
down that surf 

The acceleiation, generated in a given body in a 
given time,!'' propoi tional to the force acting upon 
the body in tne flirection of the acceleration 

Hence if we make \V to represent liy scale the 
aeceleialioM (say 32.2 ft per sc< ))*‘rscc) whieh grav 
would give to U 111 a sec if falling freely, then S will 
give, by the same scale, the acceleration in ft per 
sec which the actual sliding force ,S would give to IT in one sec if there were 
no friction between U and the plane. We have therefore 

ihfweiioal acceleration down the plane = ^ X sine of a. 

Therefore we have only to substitute “</ sin o” in place of “p;” and the 
sfoprno distance or “sltde” A C in place of the corresponding vertical distance 
or “ fall ” A E in tiie equations, in order to obtain the acceleration* etc as 

follows f 

on an inclined plane wlthont friction. 



Accclcrationtof sliding velocity 

in a siven tune Jailing) 

vert during the same time / 


in a given slide, as A C, ) 
from rest ) 


• g. sin a X time 

slide 

* 14 iin‘6 


( vert accel acciuired in falling) 

= freely thro the corresponding > = 
( vert ht A E J 


• y 2 g. sin « X slide 


for a given sliding acceleration 

for a given .slide, as A C, from 
rest 


Time requinnl 
_ sliding acceleration 
~ g. sin a 

slide ^ 

final sliding velocity 


I slide 

V \4 9’ aln a 


time reqd to full freely tliro the correspond^ 
ing vert ht A E 


for a given slide, from) _ slide _ slide 

rest or otherwise i mean sliding vel (initial + final sliding vels) 
horizontal stret' h, a'^ E (\ 

_ base E of any length, as A C _ j/ A C* — A E® 

OM lie a jpugtji that length ~ X(T ~ 

A — ^ A E. in any given length, A C 1/ A 0 — 

* ~ length A (T that length AC 

* Becaiise o and a are equaL 

fBy acceleration, in this artiele, we naean the total acceleration, t. e., the whole 
change in velocity occurring in the given time or slide. For the rate of acceleration 
we use simply the letter g. 
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Slide, as A C 

in a given time, starting from rest = time X ^ final sliding vel 
= time sin «• 

‘°o“r?,herwl°“' X 

= time X Vz (initial + final, sliding vels) 

required for a given" sliding accel- _ sliding accelera tion* 
eration (starting from rest) 2 g. sin a 

But in practioe the slifliiiff on the plane is always op« 
IMtHed bv friction. To iiiclnde the effect of friction, we have 
only to substitute 

“ g X l^sin o — (cos a. coeff fric)J ” in place of “ g. sin a ” in the above equations. 
Because 

Friction = Perpendicular pressure P X coefficient of friction 
= weight W X cosine a X coefficient of friction 
and 

retardation of friction — gX cosine a X coefficient of friction. 


Resultant sliding aecelcratioii 

= theoretical sliding aocel (due to the sliding force, S) — retardation of fric 
= (f?, sin o) — {(j cosine a. coefl fric) 


' ^ ^ ~ (cosine a. coeff fric)J 


If the retardation of friction (- g. cos a X coeft trk ) is no( /m than the total 
•r theoretical acc<d (“pf sin o”) the body cannot slide down the plane. 


PENDULUMS. 


The numbers of vibrations which diff pendulums will make in any fdven place in 
a given time, are inverselg as the square roots of their lengths; bus, if one of then 
Is 4, ", or 16 times as long as the other, its sq rt will la* 2, .5, ni 4 times ns great . but 
its number of vibrations will lie but % or ^ as great. The 
pendulums will make a vibration, are dtrectlg a. the sq its of their 
if one 1x5 4, H, or 10 times as long as the other, its sq rt will he 2, .5, or 4 timis as 

great : and so also will be the time occupied In one of its vibra ions. 

^The length of a pendulum vibrating seconds at the k'VLd oi he 
In the lat of London (•'ilK'' ''oiitO is ins; and in the liit ot N. York (40% 

North) 39.1013 ins ,iiator about inch shorter; and at the poles, about 

inch longer. Approximately enough for experiments wliich 
wo mav at anv nlaco call the length of a seconds pendnluni in the open air, 39 ins , 
lSf R'r^i"L-ldmay Msn^ long and short vibrations ot the same pen- 

auluTO are made’ in the same time; which they a^nally are, midrofa 

orlng depths, or dists by sound, a sufficiently good sec « 1 '> m " J 

^bblefa small piece of metal is lietten and a 

lommon pin The length of 39 ins should lie measured Irom the < < ntre of the pchhle 
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In starting the vibrations, the pebble, or 606 , must not be thrown into motion, hot 
merely drop, after extending the string at the proper height, 

To find the length of a pendulum reqd to make a given number of 
vibrations in a min, divide 376 by said reqd number. The square of the quot will be 
the length in ins, near enough for such temporary purposes as the foregoing. Thus, 
for a pendulum to make lUU vibrations per min, we have ^ = 3.75 ; and the square 
of 3.75 14.06 ins, the reqd length. 

To And the number of vibrations per min for a pendulum of 
given length, in lus, take the sq rtof said length, and div 375 by said sq rt. Thus, 
for a pendulum 14.06 ins long, the sq rt is 3.75; and — 100, the reqd number. 

Rfm 1. By practising before the sec pendulum of a clock, or one jiropared as just 
stated, a person willsoon learn to count 5 in a sec, for a few sec in succession; and will 
thus be able to divide a sec into 5 equal parts; and this may at times be useful for 
very rough estimating when he has no pendulum. 

(Centre of Oscillation and Percussion. 

ftEK. 2. When a pendulum, or anv other 8usj>ond<‘d body, is vibrating or oscillating 
backward and lorward, it is plain that tliose particles of it which are far from the 
point of HuspciiHion move faster than tiuwe whicli aio near it But there is always 
.1 certain point m the body, such tliat if «// the particles were concentrated at it, so 
that all should move with the same actual vel, neitlier tlie mimlier of oscillations, 
nor their angular vol, would bo changed. Tins point is called the cen,Ur of osciUn- 
(ton. It 18 not tlie same as the ceu of grav, and is always farther than it from the 
point of suspension. It is also the centre 0 / jM’rcus.stOH of the suspended vibrating 
iiody. The dist of this point from the point of susp is found thus : Suppose the body 
to be divided into many (the more the better) small parts; the smaller the better. 
Kind the weiglit of uacli part. Also find the cen of grav of each part ; also the dist 
Horn oaob such con of grav to the point of susp. Sciuare each of these dists, and 
mult each square by file wt of the corresponding small part of the body. Add th® 
products togetlier, and call then sum p. Next mult the weight of the entire body 
by the dist of its cen of grav from the point of susp. Call the prod g. Divide p by y. 
This p is the iiioiiicnt oMnertIn of the body, and if divided by the wt of the 
' "!< Ili>^ s<] ri of the qiiolicnt will be the RaUili»i ot' 4ii.y I'lition. 

Aiig'iiiar Velocity. 

Wlien a body revolves around any axis, the parts wlucli aie luiiiiei iium tliat 
axis move fu.ster than tliose nearer to it. Therelore we cannot assiuii a stated 
linear velocity iti leet per second, m miles per liour etc, tliai shall apply to everg 
part of It. Bui every part of tiic body revolves aiouiid an enliie circle, or 
ihrough an angle of 360°, in the same lime. Hence, all the pans have the same 
velocity in degrees per second, or in revolvlums per second. Tliis is called the 
angular velocity. Scientific writers measure it by tlie length of the arc de- 
scribed by any (mint in the body in a given time, as a second, the length of the 
arc being measured by the number of times the length of its own rad^ is con- 
tained in it. When so measured, 

Angular velocity _ linear velocity (in lect etc) per sw 
in radii per second i^igthofT^lus (lu'feei etey" 

Hi re, as before, the angular velocity is the same for all the points in the body , 
because the velocities of the several points are directly as their radii or dis^ 
lances from tlie axis of revolution. 

In each revolution, ea(’h point describes the circumlereticc of llie circle in 
which it revolves ~ 2 irr iir = 3,1416 etc; r— radius of said circle). Conse- 
quently, if the Ijody makes n revolutions per second, the leiigtli of tlie arc de- 
scribed by each point in one second ih '.lirrn \ and tlie angular velocity of the 
boily, or Une,ar velocity of any point measured in its own radii, 

a =» — 2ith~ say 6,2832 X revs per second — say .1047 X revs po*' f*unute. 

Moment of Inertia. 

Suppose a body revolving around an axis, as a grindsione; or oscillating, like 
a pendulum. Suppose *hat ihe distance from the axis of rcvohitiou (which, in 
the pendulum, is the point of suspension) to each individual particle of the 
body, lias been measured; and that the square of each such distance has been 
mu|[tiplied by the weight of that panicle to which said distance was measured. 
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Slide, as A C 

in a given time, starting from rest = time X ^ final sliding vel 
= time sin «• 

‘°o“r?,herwl°“' X 

= time X Vz (initial + final, sliding vels) 

required for a given" sliding accel- _ sliding accelera tion* 
eration (starting from rest) 2 g. sin a 

But in practioe the slifliiiff on the plane is always op« 
IMtHed bv friction. To iiiclnde the effect of friction, we have 
only to substitute 

“ g X l^sin o — (cos a. coeff fric)J ” in place of “ g. sin a ” in the above equations. 
Because 

Friction = Perpendicular pressure P X coefficient of friction 
= weight W X cosine a X coefficient of friction 
and 

retardation of friction — gX cosine a X coefficient of friction. 


Resultant sliding aecelcratioii 

= theoretical sliding aocel (due to the sliding force, S) — retardation of fric 
= (f?, sin o) — {(j cosine a. coefl fric) 


' ^ ^ ~ (cosine a. coeff fric)J 


If the retardation of friction (- g. cos a X coeft trk ) is no( /m than the total 
•r theoretical acc<d (“pf sin o”) the body cannot slide down the plane. 


PENDULUMS. 


The numbers of vibrations which diff pendulums will make in any fdven place in 
a given time, are inverselg as the square roots of their lengths; bus, if one of then 
Is 4, ", or 16 times as long as the other, its sq rt will la* 2, .5, ni 4 times ns great . but 
its number of vibrations will lie but % or ^ as great. The 
pendulums will make a vibration, are dtrectlg a. the sq its of their 
if one 1x5 4, H, or 10 times as long as the other, its sq rt will he 2, .5, or 4 timis as 

great : and so also will be the time occupied In one of its vibra ions. 

^The length of a pendulum vibrating seconds at the k'VLd oi he 
In the lat of London (•'ilK'' ''oiitO is ins; and in the liit ot N. York (40% 

North) 39.1013 ins ,iiator about inch shorter; and at the poles, about 

inch longer. Approximately enough for experiments wliich 
wo mav at anv nlaco call the length of a seconds pendnluni in the open air, 39 ins , 
lSf R'r^i"L-ldmay Msn^ long and short vibrations ot the same pen- 

auluTO are made’ in the same time; which they a^nally are, midrofa 

orlng depths, or dists by sound, a sufficiently good sec « 1 '> m " J 

^bblefa small piece of metal is lietten and a 

lommon pin The length of 39 ins should lie measured Irom the < < ntre of the pchhle 
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Table of Kadii of Gyration.— C'ontinueo. 


Body 

Revolving: 

around 

Radius of Gyration 

Hollow 
sphere of any 
iluckiiess 

a diameter 

^ j‘2 (outer rad** — inner lad^) 

\ 5 (outer rad^ — inner riid“) 

ditto, thin 

ditto 

approx (outer rad + inner rad) X 4085 

ditto, in finitely 
thin (spherical 
surface) 

ditto 

radius of sphere X 
— radius of sphere X about .8165 

Straifirhtline, 

ab 

any point, x, in its 
length 

\ 3 ab 

a X « 

either end, a or b 

length abX 



1 — length abX about .5775 


its center, c 

00 X 



— length ubX about .2887 

Solid cone 

Circular 
plate, of rect* 
angular cross sec- 
tion 

Circular 
rln{(, of rectan- 
gular cross section 

its axis 

See Solid cylin- 
der 

See Hollow cylin- 
der 

radius of base of cone X 
— radius of base of cone X -5477 

For the thickness of plate or ring, 

, measured perpendicularly to the plane 
of the circumference, take the len^k of 
the cylinder. 


Square. rect« 

anicle and For least radius of gfration, or that arou ud the Umgetl axis, 
other aur- see pp 353 a and b. 

faces 
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Relations of least radius of frpration, r, and least side, D. 

In any cross section, let 

7 - least moment of inertia ; B = greatest external diam or side ; 

a area ' ^ = greatest internal diam or side ; 

r - /r/S-- l™.tr«iof*yr,tion ; ' ^ of walk ^ 

D = least external diam or side ; ^ ^ 

d == least internal diam or side ; m =« R/D ; \ \Z ^ 


We then have the following relations : 


Cross Section 
i Solid square 


y Solid square 
Hollow* 

^ j i J square, 

^ I j yofi uniform 

LrAJ \ thickness 


Solid 

j, reetangle, 



^of U^orm Vl2(DR-d6)| l2(DJi-db) 
L.i thickness ‘ 




127)* 

J) B-d ^ D B-d 



P j| Solid circle 


^“7 Hollow 
^ 1 circle, 

B 7J of uniform 
0 thickness 


7)^4 d' 

/ 16 16 


* Hollow square ; c =■ D/t. 

When c = 5 10 20, 

(D/r)2 - 8.82 7.32 6.03. 

t Hollow rectangle of uniform thickness ; c * D/t ; 
When c = 5 1^ 

and m =1.5 2 1-5 2 

(7>/r)2 « 7.98 7.54 6.62 6.23 

♦♦ Hollow circle of uniform thickness ; c “ D/t. 

When c -= 5 10 20, 

(D/r)2 = 11.76 9.76 8.84 

tt Angle with unequal legs ; m = B/D. See p 363 6 

When 7W = 1.25 1.50 ,1'^ 

(D/r)“ « 21.60 18.78 17.00 15.r 
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The eiiuattoiis below are approximate only. 
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CENTRIFUGAL FORCE. 

When a body a. Fig. 1, moves In a elrcuUr path ahd. It tends, at each point, as 
a or h, to move in a tanRent at or W to the elrelo at that point. But at each 
point, us a, etc., in the patii, it is deflected from the tanRcnt by a fone actlnR 
toward the center, c, of tlie circle This foicc may l)e tlie tension of a strinR. co. 
or the attracUon between a planet at c and Its moon a, or the inward pressure 
of the rails, a b, on a curve, etc , etc. I/iko all force, it is an action between two 
bodies, tending eithei to separate them or to draw them elostn togettier, un<l act- 
ing enually uimn both. (See Art 5 (ft). ji n:t2) Tn the case of the string, it pvlh 
tlie body a, toward the center, c. and the nail or hand, etc . at c, toward the Itodv 
at a or ft, eto„ ; t c . from the center In tlie case of a cur on a curvo it p/esftes the 
car toward the centei, and the rails from the center. The pull or push on the 
rci'oMnq body lowunl the center is called the centripetal force; while ttw 
null or puhh tending to move tlie lU lU-etina body from the epiter is eallecl tht 
eeutrifiiffal force, ’niese two “ forces,” lieiug merely the two “Milcis (lo 
It were) of thesanie stioss are necessut ily eciuul and oppoMte, and can only exist 
togethei The moiiient the stress or tension exceeds tlie strength (or iiihereni 
cohesive force) of the string, etc , the latter breaks. 1 he centripetal anci eentiit. 
ugal foi'ces therelore instantly cea.se, and the iiody, no longer disturbed by a 
deflecting force, moves on, at a uniform velcK-ity,* in a tangent, of or hi , etc , U 
its circular path ; t.c., at right angles to the direction which tlie centrifugal torc< 
had at t he moment it ceased. 

(fl). A siiiiTle revolvlmc body, a, Fig. 1. Let 
f = the centrifugal or ecntripeial force, in pounds. 

W = the weight of the l»ody a, in pounds, , x , • c * 

K = the radius ro of the path of the renter of gronfi/ of the iitKly cr, in teet, 

V =the uniform veloc)t> ol the hwly « in its circular path obd, in ieet pel 
becond, 

n = the number of revolutions per minute, 

g - the acceleration of gravity = say <{2.2 feet per second per second, 

900 y = about 28980. , , « 

ir = circumference t- diameter = say 3.1416. » — about 9.8696, 

Then, for the cent rlftig;al force, /: 


If we have the ve/ocity i> in feet per second : 




If we have the number w of revolutions per minute ; /* = W t • 

about .0003406 WR7*> g . , 


( 1 ) 

( 2 ) 

( 3 ). 


* Neglecting friction, gravity, the resistance of the air, etc. 
f For let al, Fig. 1, represent the amount and diiection of the velocity r of the bod 
at a in feet per second. Then at the end of one 8e«'ond the body will have reache 
tiie point b (the arc ah being made ^ «(), and the amount and direction of il 
velocity at b will then Iw represente<l by the line hf — at in length, but diflerlng i 
diiection. Drawing c« and c«' at the center, iKpial and parallel resja'ctively to < 
and bi\ we find that the chauffe w the directum of the nudimi (i. e , the aereleratio 
toward the center) during the seetmd is represented by the um’ sm'; and, since angl 
oeft = angle vrti', we have the proiiortlon, nidius K or ae : ah or eU : : cm or ai:ai 
tm'. In other words, the accele.ration pm' in one second, or rate of accelemtiou, is - 

— a. ; and, for the force causing that acceleiatioii, we have 


B 


/-r 


s of iKKly X rate of acceleration ^ mass of iKsiy X 


J By formula (1),/ -- W 


But V — 

„7r=Rn> 


K 

2irRfl 


- ; and r* 


Rff 

R* 


3G00 


§ Formula (3) Is obtained from (2) by suiistituting the vaiucs 9.8696 and 28980 fi 
«* and )00 g respectively. 
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(5) Wheels and discs. Suppose the rim of a wheel to l)e cut into very short 
•lices, as shown (much exaggerated; at a, l ig. 2. Then for each slice, as o, by 

f.a 

formula (1) ; / = weight W of slice X ;* and if each slice were wmnectcd 



with the center by n separate string, the sum of the stresses in all the strings 
(neglecting friction betwten adjacent slices) would be- 

r* 

F — sum of centrifugal forces of all the slices t — weight of rim X ^T' • ■ ■ (■*)- 

But the stress with which we are usuallv concerned in such cases (viz : the 
t«*nHioii In the rim itNelf in the direction of a tangent to its own cir* 
cuniference) is unich hss than the theoretical qu-antity F obtained from formula 


’•t), being in fact only of if For suppose first that the same thin rim is 

cut only at two opiiosite points m and 7i, Fig. 3, and that its two halves are held 
together only by tne string S 


* If the rim is very thin in jiroportiou to its diameter wi«, we may take the center 
i)f gravity of each slice as being in a circle n/w midway between the inner and outer 
, . , , . inner radius -f outer lailins . r , 

edges of the rim, so that R = ' ~ o“ . In a nni of appreriahle 

thickness, this is not the case, becanse each slice is a little thicker at its outer than at 
its Inner end. See Fig. fi. Hence its center of gravity is a little outside of the curved 
line mil, Fig. 2. 

t In a jierfectly balanced Hni (i e., a rim whose center of gravity coincides with its 
renter of rotation, as in Fig. 3) the centrifugal forces of the particles on one side of c 
counterbalanre those on the opposite side Here, too, R = 0 Hence, a$ a whole^ 
such a rim has no ct^ntrifuyiil force : ?. e , no temienry to leave the center in any one 
direction by virtue of its rotation But if the two centers do not coincide (Fig. 4), 
then the rim is a single levidviiig bialy, and its centrifugal force is; / = weight 

ttS 

of ontire rim X ; when* K Is tlio distance brtwpon the two centers, and i? the 
R g 

velocity of the center of gravity a. The force / acts in the line joining the two 

centen. 


27 
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semi-circuiuferenoe : diameter »w ; : : pull on the string S ; 

so that 

pull on ^ half weight v* 2 ^ weight _ r® F^ F ^ 
Hiring' S of rim lig n of run ^ ll.oir n .‘i.l-tlfi 
and if the rim is now made complete by joining the ends at m and n, and if the 
string S IS removed, then the pull on the string by formula (5; will be equally 
divided between j/i and n. Hence each cross-section, as m or «, of the rim, will 
sustain a tensile stress equal to half the pull on the string ; or 

, . , F F weight of rim'X e* . 

tension in rim - - = g R^” ” 

The centripetal force,/. Fig. 2, holding any part o of the rim to its circular path, 
is the resultant of the two equal tensions at the ends of that part. 

For the stress per square nick of cross-section of rim, we have • 
tension in rim 

nnitstreHH gre^ A of cross-section of run, in square inches 

F weight of ri m X ^ 7 ^ 

' ~6/^32ir Rff ^ ' 

We shall arrive at the same re.sult if we reflect that the pull in the string S 
or the suvi of the two tensions at »t and «, is eijual to the centrifugal force/ of 
either ha/f of the rim, revoh ing, as a single body, about the center r !■ ind the 
c-enterof gravity (J of the half rim, and then, in formula (l).use the velocity of 
that point, and the radius cG instead of velocity at r and radius cz resI)ecll^ely ; 
thus: 

„ , , . f centrifugal force_ ^piaht of hulf rim y 

pull in string - / -- half-rim ^e‘ghtof lulf-rim X ^ ^ ^ 

and half of this is the tension in each cross-section of the rim.t 
If the rim were infinitely thin, di. Fig 2, would be 0.6:Mi(i . 

If its thickness must be taken into consideration, and if it is of rectangular 
cross-section find iheccuiersot gravity < 7 and </', Fig B, of the whole stnuicircular 
segment C3 and of the small segment c/> resiiectivcly (c// n 424t c., and rr/ - 

0.4244 cb. Then 

, . area of entire segment rz 

.'/G -ffff 

For rims of other than rectangular cro.ss-section, use formula’ (4), (R) and o’d 
In a dine, hiicIi uh r srrlndHton**, the tension in each full cross-section 
mn. Fig. 7, is equal to the centrifugal force f of huff the disc Let W = weight 
of half disc. The distance c<f from the center r to the center of gravity G of 
the half disc, is cG — 0.4214 cz; and the 

* In Fig. 2, let the centrifugal force of any slice, o, ho reprosented by the diagonal, 
f, of a rectangle, whose sides, H and V, are rcsjaictivelv parallel and perpendicular 
to the given diameter mn. Then H and V represent the com|x>nents of / in those 
two diiections. The equal and opposite hori/ontal components H, of o and of the 
corresponding slice o\ being parallel to mn, ha^e no tendency lo]iull the rim apart at 
m or n. lienee, the pull on a string S, Fig. ll, pcipendicular to twm, is the sum of the 
components V of all the slices For each very thin slice, Fig. .'i (greatly exaggerated) 
we have (since angle A — angle A') : 

Ijength I . its hodzontal . . centrifugal force , its vertical 
of slice * projection, p *’ /, of slice * component V. 

Hence, for tlie entire lialf-rim win, Fig. 3 (miwlo up of such slices), we have; 

., the sum of the 

Length num its horizontal of a^l" the : pents'vTo? ^dl 

of half-nm projection m« nenjs V ^for ail 

which is identical with the proportion at top of imge. ..... , 

i The rims of revolving wheels are usually made strong enough to resist the tension 
due to the centrifugal force, without aid from the spofces, which thus have merely to 
enppoit the weight of the wheel. But if the rim breaks, the centrifugal force# of Its 
fragim nts come entirely iUK)n the HiH»kes; and, since the breakage Is always irregu- 
lar, some of the spokes ‘will always recede more than their share. 
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teuttlon In mu = 


^ (vel. at ^ 
rad. cijXg~ 

^ ^ 0 *244 (vel. at g)« 
^ czXg 

_ w 0 *‘244 ifg fta cz 

~ 900 <7 

The stress pn- square inch in any full section mn is 
tension in m7i 


0 4244» (v el. at z)^ 
0.4244 czXg 

. . ( 8 ). 

. . (9). 


unit MtreHN - 


area of cross-section in square inches 
\y _____0.4244 (velocity at z)^ 

dium. nni, ins. X thickness, ins. X czX g’ 

. W 


0 4244 jr» »» rz 


diam. mn, ins. X thickness, ins. X 900 g 


■ m 
. .( 11 ). 



f - the centripetal force, in pound.s acting upon a single revolving l)Ody,a, 
Figs. I, 2 , 4 and.^i, or upon the half-nui or half-disc, Figs. 3, 6 and ^ 
the centrifugal force everted by such body 

V - the sutu ol the centnlugal lorces of all the panicles of a rim, Fig. 3. 

W the weiglil of the tiod^, lu pounds. 

R the radius ou, Fig.s I, 4 and .">, of the path of the center of gravity of the 
body. 

V =- the uniform velocity of the body in its circular path, in feet per second. 
n --- tlie nuinlier of revolutions per minute. 

1 / --the acceleration of gravity ~ say 32.2 feet per second. 9ii0 17 about 
28980. 


circumference 

diameter 


say 3.14t*'’i ir- — about 9 8690 


Ina rollluK wheel, each point in the rim, during the moment when it 
touches the ground, is stationary wUU reject to the eaith; but each particle hai 
the same velocity about the ceiUrr as if the latter were stationary, and hence the 
centrifugal force has no effect upon the weight. 
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STATICS. 

FORCES. 

1. Statics Defined. The science of statics, or of equilibrium of forces, 
takes account of those very numerous cases where the forces under con- 
sideration are in equilibrium, or balanced. It embraces, therefore, all cases 
of bodies which are said to be “at rest.”* 

3. In the problems usually presented in civil puKineennK, a cermin 
given force, or certain given forces, applictl to a stationary ’*• body (as a bridge 
or building) tend to pioduce motion, either in the structure as a whole or in 
one or more of its members; and it is required to find and to apply another 
force or other forces which will balance the tendency to motion, and thus 
peimit the structure and its members to remain at rest. See % 3^1. below. 

3. Equilibrium. Suppose a body to be acted upon by certain forces. 
Then those force.s are said to be in eiiuilibnum, when, as a whole, they pro- 
duce no change in the body’.s state ot rest or of motion, oitri(>r as regards its 
motion as a whole along any' particular line (motion of trall^latloll), or as 
regards its rotation about any point, either within or without the body. 
In such cases the body also is said to be in equilibrium. See \ 8-1. below. 

4. A body may be in equilibrium as regards the forces under consideration, 
even though not in equilibrium a.s regaids other forces Thus, a stone, held 
between the thumb and finger, is in equilibrium as rcgard.s their two equal 
pressures even though it may be lifted upward by the excels of the muscular 
force of the arm over the attraction between the earth and the stone. Simi- 
larly, on a level railroad, a car is in equilibrium as regaids gravity and the 
upward ^e^Lstancc of the rails, although the hoiizontal fiull of the locomotive 
may exceed the resistance to traction. 

5. Molecular Action. Any force, ai^plied to a body, is in fact made 
up of a system of force.s, often parallel or nearly so, applied to the .several 
particles of the body. Thus, the attraction exerted by the c.arth upon a 
grain of sand or upon the moon i.s, strictly .speaking, a cluster of nearly par- 
allel forces exerted upon the .several particles of those bodies; but, for con- 
venience, and so far only as conceras their tendenev to move the body ns a 
whole, we conceive of .such forces as replaced by a single force, equal to 
their sum and acting in one line. In thus considering the force.s, we as- 
sume that the bodies are absolutely rigid, so that each of them acts as a 

\ single “ material particle” or ” material point.” 

' 6« Transmission of Force. The upw'ard pressure of the ground, upon 

* a stone resting upon it, acts directly only upon those particles w'hich are 
nearest to the ground. Those, in turn, exert a (practically) equal upward 
force upon those immediately above them, and .so on ; and the force is thus 
transmitted throughout the stone, 

7. Rigid Bodie.s. In treating of bodies as rigid, we assume that the 
intermolecular forces hold the several particles absolutely in their original 
relative positions. 

It is not the material that re.si.sts being broken, hut the farces which hold it.s 

E articles in their places. Thu.s, a cake of ice may sustain a great pres.surc; 

ut its particles yield readily when its cohesive forces are destroyed by a 
melting temperature. 

8. Force Units. The force units generally used in statics are those of 
weight, as the pound and the kilogram. See (Conversion Tables, p 23.'). 

In statics we have no occasion to consider the masses of bodie.s (except 


♦Strictly speaking, absolute rest is scarcely conceivable, since all bodies 
are actually in motion (see Art. 3, p. 331), so that unbalanced forces produce 
merely c^npes in the states of motion of bodies. Yet, for a body to be at 
rest, relative to other bodies, is a very common condition, and, in practical 
statics, we usually regard the body under consideration as being at rest 
relatively to the earth or to some other large body, so that the change of 
Btete of motion, due to the action of unbalanced force upon it, consists in a 
ebange from relative rest to relativ** lootiou. See 11 33, below. 
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In so fjir as those dotcrmine thoir 'woijxhts, f>r the force of ffravitv exerted upon 
them), bodies being regarded meiely as the media upon and through which 
the forces under consideration are exened. J fence we require, in statics, 
no units of mass; and, as the bodies are roganled as being “at rest,” no units 
of time, velocity, acceleration, momentum, or eneigy. 

9. Forces, how Determined. A force is fully determined when we 
know (1) its amount (as in pounds, or in some other weight unit), (2) its 
direct ion, (,'{) its sense (see 1 JO), ami (4) its position or its iKiiut of applica- 
tion. 

10. ^Vhen a force is represented by a line, the length of the line 
mav be made to represent by scale the amount of the force, and its direction 
and position may often be made to indicate those of the force, while the sense 
of the foice may be .shown by arrows or letteis aJfixeil to the lines, or by the 
signs, -j- and — . 

Thus, the directions of the forces represented by lines a and 6, Fig. 1, are 
vertical, and those of c and d are horizontal. The sense of a is upward, of b 
downward, of c right-handed, of d left-handed. Thus, a and b are of like 
direction, luit of ofiposite sense; and so with c and d. In treating of vertical 
or horizontal forces, we usually call iipw’ard or right-handeil forces posi* 
tive, and downward or left-handed forces negative, as indicated by the 
signs, -f- and — . in Fig. 1. When a force is designated by two letters, at- 
tached to the line rejiresenting it, one at each end of the line, the sense of the 
force mav be indicated bv the onler in which the letters arc taken. Thus, in 
b ig. 1 , having n'g^ird to the directions of the arrows, we have forces, ef, hg, 
k I, and n m. 

1 1. Line of Action, etc. Tlie point (see ^ 5) at which a force P, Fig 2, 
is supposed to be ar»plied, as a, is called its point of application. But 
the force is triiu.sinitted. ov the particles, througiiout the body (see 6), and 



f« -b -f-e 


m n 

-d 




-c 


FIff. 1. Flj^. 2. Fl|f. ». 


the effect of the force, as regards the body as a whole, is not changed if it 
be regarded as acting at any other point, as b, in its line of action. We 
may therefore regard any point in that line as a point of application of the 
force. For instance, tlic terulency to move the stone, Fig. 2, as a whole, will 
not be changed if, instead of pushinp it, at a. we afiply a pull (in the same 
direction and in the sanie sen.se) at b; and if a weight, P, be laid upon the 
toj) of the hook, at 6, Fig. 3, it will have the same tendency, to move the 
hook as a whole, as it has when sii.spended from the hook as in the Fig. 

A force cannot actually be applied to a body at a point outside of the sub- 
stance of the body, as between the upper and lower portions of the hook in 
Fig. 3, yet this portion also of the line a h is a part of the line of action of the 
force. The vertical foice, exerted by the weight, P, is transmitted to 6 by 
means of bending momeut> in the bent imrtion of the hook. 

13. Stress. (See Art. 1, Strength of Mateiials, p. 454.) Opposing 
force.s, afijilied to a liody by contact (see Art. .5 c, p. 332), cause stress, or the 
exertion of iiitermolccular force, within it, or betw’een its particle.s. tending 
to pull them apart (tension) or to press them closer together (compression). 
The stress, due to two equal opposing forces, i.s equal to one of them. 

Tension and Compression. Ties, Struts, e^c. If the action of 
the forces tends to pull farther apart the particles of the body upon which 
they act, the stress is called a tension or pull, or a tensile stress. If it 
tcmls to press them cUwer together, the stress is called a pressure, com- 
pression or push, or a compressive stress. A long slender piece sustaining 
tension is called a tie. One sustaining compression is called a strut or 
f>ost. One capable of sustaining either tension or compression is uall^ a 
tie-strut, o- strut -tie 
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MOMENTS. 


13. Moments. If, from any point, o, or o\ Fig. 4, a Rne, o e or o' «, be 
drawn normally to the tine of action, n m, of a force, Pi, whether the point, o 
or o', be within or outside of the body upon which the force, Pj, is acting, i»id 
line, o c or (/ «, Ls called the arm or leverage of the force about such point; 
and if the amount of the force, in lbs., etc., be multiplied by the length of the 
arm, in ft., etc., then the product, in ft.-Ibs., etc., i.s called the moment of 
the force about that point.* The moment repiesents the total tendency of 
the force to produce rotation about the given point. A force has evidently 
no moment about any point in its line of action. 

14. Sense of Moments. Since the moment of Pj about o. Fig, 4, 
tend.s to cause rotation (about that point) in the direction of the motion of 
the hands of a clock, as we look at the clock and at the figure, or from left to 
right, as indicated by the arrow on the circle around o, it is called a clock- 
wise or right-hand moment; but the moment of the same force about o' 
tends to produce rotation from right to left. Hence it i.s called a counter- 
clockwise or left-hand moment, as i.s also that of P« about o. Right- 
hand or clockwise moments are conventionallv ronsicfered as positive, 
or and left-hand or counter-clockwise moments as negative, or — . 

15. The plane of a moment is that plane in which lie both the line 
of action and the arm of the force. 

16. The resultant or combined tendency of tw'o or more moments in 
the same plane is equal to the algebraic sum of the several moments. Thus, 
Fig. 4, if the forces, Pj, Po, and Pg, are reai>ectively 6, Ti, and 3 lbs., and if 
the arms, oc, oy, and o e, of their moments about o are lespectively 7, 6, and 
3 ft., we have 

P, . 0 c — Pj . 0 y -1- P; . 0 c 
= 6 X 7 — o X () f 3 X 3 
= 42 — 30 + 9 - 21 ft -lbs. 



k — -H 
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Fig. 6. 


17. If the algebraic sum of the moments zero, they are in equilibrium 
and tend to cause no rotation of the body about the given point. 

Thus, in Fig. 6, where W is the weight, and G the center of gravity of the 
body, and R the upward reaction of the left support, a, taking moments 
about the right support, b, we have R f — W z = zero; or R Z -• W x. Hence, 

having W, x and I, to find R, we have R “ ^ . 

Similarly, in Fig. 6, where W “ weight of beam alone, and g, the center of 
gravity of W, is at the center of tlvc span I, so that the leverage 6 y of the 

weight of the beam about 6, is « ,, , we take inoment.s about b, thus; 


ni ^ Oo — w 2 

M TO f 


— M TO ■ — N n = zero; or 

N n r W 2 ' — O 0 

- 


♦Note that a very small force may have a great moment aliout a point, 
while a much greater force, passing nearer to the same point, may have • 
smaller moment about it; or, pa.ssing through ike point, no moment at all. 
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In Fig. 7, where W is the weight of the beam itself, and w its leverage, tak- 
ing moments about b, we have 

bRZ + Oo — Nn— Wwj + Mw-O; 

Hence, Reaction at a ==• R = i N r? ^ M_w — — 

In any case, if W be the combined weight and G tiie common center of 
gravity, of tlie beam and its several loaxls, and x the horizontal distance of 
that center from the right support. 6; and if I be the span, R the reaction of 
the left support, a, and R' that of the right support, 6, we have 

W r 

R *= " ; and R' - W — R. 



rig. 7. 

Note that the moments of two or more forces, about a given point, 
may be in equilibrium, while the forces themselves are not in equilibrium. 
See ^ 84, below. 

18. Center of Moments. So far as concerns equilibrium of moments, 
it is immaterial what point is .selected as a center of moments; but it is gen 
erallv convenient to take the center of moments in the line of action of 
one (or more, if there be concurrent forces, see K 19) of the unknown forces, 
for we thus eliminate that force or those forces from the equation. 

CLASSIFICATION OF FORCES. 

19. Classlflcaflon of Forces. Concurrent, Colinear, Coplanar. 
and Parallel Forces. Forces are called concurrent when their Imes of 



Fig. 8. Fla;. 


action meet at one point, as a, h, c, d, e and /, or / and g, Fig. 8 ; non-concur- 
rent when they do not so meet, as c and g; colinear when their lines of action 
coincide, as a and b, or c and d; nou-colinear when they do not coincide, as 
b and /; coplanar when their lines of action lie in one plane,* as a, b, c, d and 
c, or 6, / and g, etc. ; non-coplanar, as c and g, or b, / and d, when they do not 
lie in one plane; parallel when their lines of action are parallel, as 6 and g\ 
non-parallel when those lines are not parallel, as 6 and /. 


♦Acting upon a plane, as in Fig. 0. must not be confounded with acting in 
that plane, as in Figs, 70. 
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Any two parallel for(“f>! musl lie coplanar Three or more parallel forces 

may or iii.iv not be topljiiav Any two coiiMirrent force'- must be coplanar. 
Thiee or mou' amcinrcnt fones InJ^ or nuv not lie roidan.ii Any two coplanar 
fOlce^ iiiu t be cither inirnllei or <oncurront 

COMPOSITIOIV AAD RESOLFTION OF FORCES. 

2<K itCKUltant. A sitiKlc fone, which laii pioducc, uimn a body con- 
.sideied as a whole, the same effcit as two or more Riven forces combinetl. Is 

called the reoi'ltant of Iho'C fon-es Thus, In FIe K' (fi). .i downward pres- 
sure, (}, =: w -j- \V, is the tesultant of the downward pressures ic ami \V; 

and. In KIe. 11 (fi), a dimnwai<l pressnio, ~ \V — -^rc, is the resultant of the 
downward presaurc W and the iipwaid pull io of the left-hand stiitiE * 

21. Comi»oneiit. An> two or more forces which, toEcthcr, produce, 

ui)on a body considered as a whole, the same effect as one Elien force, are 

called the components of ilrat force, which thus becomes their resultant 
Thus, In FIe. 10 (6), m and W arc the (omponents of the total force, (1, — 
« -f W. In FlK, 11 {!)), -{- W (=: 5) and to (— — 3) are the components of G.* 

22. If we take int/j account tin* resultant of any Riven forces, those* forces 
(components) themselves rmi-st of course he left out of aeeount, a.s regards 
their action upon the Irodv as a whole; although we inav still have t(j con- 
sider their effect Ufion its particles \ ice ver.sa. if the forces (components) 
are considered, their resultant must be neglected. 





Q 

Fiv. 10. 



Flip. 11. 

23* Antl-reflultant. The anti-resultant of one or more forces Is a single 
force which, acting upon any body or system of bodies considered aa a w hole, 
produces an effect eciual, but opposite, to that of their resultant. In other 
words, tne anti-resultant is the force required to hold the given force or 
forces in equilibrium. Thas, in Fig. 10 (b), the upward reaction, 0, of the 
^und, is the anti-resultant of the two downward foree.s, w and \V ; and the 
downward resultant, W + w, of W and w, i.s the anti-resultant of G. In 
Fig. 11 (6), G (upward) is the anti-resultant of W (downward) and w (acting 
upward through the left-hand string). Similarly, thi.s upward pull of w is 
the anti-resultant of W and G. 

24. In any sy-stera of balanced forces (forces in equilibrium), any one of 
the forces is the anti-re.sultant of all the rest; an<l anv two or more of them 
have, for their resultant, the anti-resultant of all the re‘st. In such a system, 
the resultant (and the anti-resultant) of all the (balanced) foices is zero. 

25. Antl-componenf. The anti-comrionents of a given force, or of a 
given By.stcm of forces, are any two or more forces whose resultant is iho anti- 
resultant of the given force or of the given system of forces, 

26. Compo-sition and Resolution of Forces. The operation of 
Ending the resultant of any given system of forces is called the compo.dtion ol 
forces; while that, of finding any de.sircd components of a given force is called 
the resolution of the force. 


* For convenience, we here reverse the convention of H 10. ■ 
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Collnear Forces. 

27. Let the vertical line, «?, Fifi. 10 (6), represent, by any convenient 
scale, the weight of the upper stone in Fig. 10 (a), and W that of the lowei 
otone. Then, j- W, — 0, = the combined length of the two lines, gives, 
by the same scale, the combined weight of the two stones, and a vertical line 
G, coincident with them, equal to their sum, and pointing upward, would 
represent their anti-resultant, or the reaction of the ground. 


Aa) (b) (€) 



Figr. 12. 


28. Similarly, if, at each panel point of the lovrer chord in the bridge 
truss in Fig. 12 (u). we liave 2 tons dead load (weight of bridge and floor, 
etc.*) and 10 tons live load (train, vehicles, cattle, passengers, etc.), the com- 
bined length of the two lines in Fig. 12 (6), L =* 10, and D 2, gives the tota 
panel load of 12 tons. 

29. In Fig. 11 the pressure, 5 lbs., of W upon the ground, is diminished by 
the 3 lbs. upward pull of the cord, transmitted from the smaller weight ic, 
leaving 2 lbs. upward pressure to be e.\ert<}d by the ground in order to maim 
tain equilibrium. The utiward reaction, R, of the pulley is “ tr + W — O 
«=3-i-5 — 2 “6. This is represented graphically in Fig. 11 (c). 

30. In the truss shown in Fig. 12 (a), the total dead and live load is *» 6 
X 12 •» 72 tons, and half this total load, or 36 tons, rests upon each abut- 
ment. Hence, to preserve equilibrium, each abutment must exert an up- 
ward reaction of 36 tons; but, in order to ascertain how much of these 30 
tons is trammiUrd through the end-post, a c, we must deduct from it the 12 
tons which we n-^ume to he originally concentrated, as dead and live load, 
at the pnnel point o; for this portion is evidently not transmitted through 
o c. Accordingly, in Fig. 12 (c), we draw R upward, ami equal by scale to 
36 tons: and, from its upper end, draw p downward and -■ 12 tons. The 
remainder of R, — R — p “ 30 — 12 «- 24 tons, *8 then the pressure trans- 
mitted through a c. 

31. Colinear forces are called similar when they are of like sense, and 
opposite when of opposite sense. The same distinction applies to result- 
ants. 



Figr. 13. 


32. For equilibrium, under the action of colinear forces, itio, 

of course, necc.'^.sary that the sum of the forces acting in one sense be equal to 
the sum of tho.se acting in the opposite sense, or, in other words, that the 
algebraic sum of all the forces be zero. rHius, in Fig, 13, if the forces are in 
equilibrium, the sum, 6 a -1- a o, of the two right-handed forces must be 
equal to the sum, e d + d c + c o, of the three left-handed forces. Or, con- 
sidering the right-handed forces, 6 a and a o, as positive, and the left-handed 
forces, ed, dc and c o, as negative, as in ^ 10, we have, as the condition ol 
equilibrium of colinear forces; 

ha +ao — oc — cd — de^O, 


•The dead load Is, of course, never actually concentrated upon one chord. 
•» here indicated: but it is often assumed, for convenience, that it is w 
ooncentrated. 
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In other words, the algebraic sum of all the forces must be zero; or, more 
briefly, 

2 forces «= 0, 


where the Greek letter 2 (sigma), or sign of summation, is to be read "The 
•um of — 

33. Two equal and opposite forces, acting upon a body, are com- 
uionly said to keep it at rest; out, strictly speaking, they mejcly prevent eneh 
other from moving the body, and thus permit it to remain at rest, so far as 
they are concerned; for they cannot keep it at rest against the action of any 
third force, however slight and in whatever direction it may act; and the 
body itself has no tendency to move. 

34. Unequal Opposite Forces. If two opposite forces, acting upon 
a body, are unequal, the smaller one, and an equal portion of the greater 
one, act against each other, producing no effect upon the body as a whole; 
while the remainder, the resultant, moves the body m its owm direction. 


Concurrent.Coplanar Forces. The Force Parallelogram. 

35. Composition. Let the tw’o lines. ao,ho, in any of the diagrams of 
Fig. 1-^ represent, in magnitude, direction and sense, concurrent forces 
whose lines of action meet at the point o. Then, in the parallelogram, o c 6 o, 
formed upon the lines a o, b o, the resultant of those two forces is repre. 
sented, in magnitude and in direction, by that diagonal, H, which passes 
through the point, o, (,i concurrence. The parallelogram, a c b o, is called a 
force parallelogram. 



36. Resolution. Conversely, to find the components of a given force, 
0 c, Fig. 14, when it is resolved in any two given directions, oa, ob. draw the 
lines, 0 a\ o b\ in those directions and of indefinite length, and upon these 
lines, with the diagonal It = o c, construct the force parallelogram a c b o. 
The sides, o a, o b, of the parallelogram then represent the required compo- 
nents in amount and in direction. 

37. Caution. The two forces, a o and h o, Fig. 14, may act either toward 
or from the point o; or, in other words, they may act either as pulls or as 
pushes; but the lines representing them in the parallelogram, and meeting at 
the point, o, must be drawn, either both a.s pushe.s or both as pulls; and the 
resultant, R, as representetl by the diagonal of the parallelogram, will be a 
pvill or a push, according as the two forces are represented as pulls or as 
pushes. 

38. Thus, in Fig. 15 (a), the inclined end-post of the truas pushes oblimiely 
downward toward o, with a force represented by a' o, while the lower chord 
pulls away from o, toward tlie right, with a force reprf'sented by o V. If, 
now, we were to construct, in Fig. 15 (o), the parallelogram o o' c' h\ we 
should obtain the diagonal oc' or <f o, w'hich does not represent the true re- 
sultant. In fact, as one of the two forces acts low^ard, and the other from, 
the point, o, we could not tell (even if R' were the direriion of the resultant) 
in which eense its arrow should point. 

We must first either supraise the push, o, in the end-nost, toward o, to be 
oarried on beyond o, so as to act as a pull, o a. Fig. 15 (6) (of course, in tin 
eame direction and sense as before), thus treating both forces as pulls; 
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else we miist similarly suppose the pull, o V, in the chord, to be transformed 
into the push, 6 o, of Fig. 15 (c), thus treating both forces as p^hes. In 
eitW case we obtain the true resultant, R (= a' fc', Fig. 15 a), which, in this 
case, represents the vertical downward pressure of the end of the truss upon 
the abutment. 



Caution. The tensile force, exerted at the end of a flexible tie, neces* 
sanly acts in the hne of the tie; but, in general, the pressure, exerted at 
the end of a strut, acts in the line of the axis of the strut only when all 
the forces producing it are applied at the other end of the strut. Thus, 
in f’ig. 15 (d), the components, R and II, of the weight, W, do not coin- 
cide with the axi.s of the beam which supports the Toad; but in Fig, 15 
(e), where the weight acts at the intersection of the two .struts, its com- 
ponents, R and H, do coincide with the axes of the struts. See also Figs. 
14;i and 145 (5 k 

39. Demonstration. The rational demonstration of the principle ol 
the force parallelogram is given in treatises on Mechanics (See Bibliog- 
raphy.) It may be e.stablished experimentally as indicated in Fig. 16, 
where c o repre.sents by .scale the pull shown by the spring balance C, while 
9 a and o b represent those shown by A and B respectively 



40* Equations for Components and Resultant. Given the 
amounts of the forces, a and c, or of the resultant, R, and the angles formed 
between them. Fig. 17 (a), we have*: 


* See dotted lines. Fig. 17 (a), noting that c' - c; c. ein (* + y) - R. aia 
and a. sin (x + y) ■= R. sin y. 


14 
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. (j= + y) . 


^ Bin (j + y) 
8UI y 
sin X 


- , a’ -I- f‘ + - 0 <■ fos (/ -f !)) 


sin (J! + ») ’ 


i V 
sin (a- + y)' 


ll the angle between the two forces is 90°, Fig. 17 (fc), these formulas b© 
come: 


R - 
€ = 


C 

COS y 
R cos 


a 

cos T 

y\ a ■= R cos x. 



41. PoRition and Sense of Resultant. Figs. 18 If the lines 
representing the com|>onent.s be drawn in acjcordancc with 37 and 38, 
and if a straight line, mn or m' n\ be drawn through the point, o, of concur- 
rence, in such a way that both forces are on one side of that line, then the line 
representing the re.sultant will be found upon the same side of that line with 
the components, and between them; and it will act toward the line, m n or 
m' n', if the components act toward it, and vice versa 'I’he resultant is 
necessarily in the same plane with its tw'o coinponcnt.s 



42. If one of the components is colinear with the force, it is the force itself, 
and the other component is zero. In other words, a force cannot be resolved 
into two non-colinear components, one of which is in the line of action of the 
force. Thus the rope, o c. P’ig. 19, may receive assistance from fico ad- 
ditional rop^, pulling in the directions a c, and c b] for the resultant of their 
pulls may coincide with o c; but, so long as o c remains vertical, no atnyU 
force, as c a or c 6, can relieve it, unless acting in its own direction c o. 

43. In Fig 20, the load, P, placed at C, Ls suspended entirely by the verti- 
cal member B C, and exert.8 directly no pull along the horizontal member, 
C E. Neither does a pull in the latter exert any eneot upon the force acting 
in B C. so long as B C remains vertical. But the tension in B C, acting 
at B, does exert a thrust o a along B D, although that member is at right 
angles to B C; for B C meets there also the inclined member A B; and 
the tension o a is thus resolved into o a and o b, along B D and B A 
respectively. The horizontal thrust, o a. in B 1), is really the anti-resultant 
of the honzontal component, d b, of the oblique thrust in the end-i^otit B A 
at its head. B, which thrust is » the pull in A £, due to P. 
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44. In Fig. 21, the tension, o c, in the inclined tie, D G, is resolved, at D 
Into o a and o b, acting at right angles to each other along D F and D 10 re 
spectively. 

4.'5. A resultant may be either greater or less than either one of its tw< 
oblique components, but it i.s always less than theii sum. If the component' 
are equal, and if the angle between them — 1 20®, the resultant is equal to on< 
of thorn. Therefore the same weight which would bnvak a single vertioa 
roire or pos*, W'ould bnaik two such ropes or posts, each inclined 60° to th< 
vertical 




Fig. 21. 


The Force Triangle. 

40. The Force Triangle. Inasmuch as the two triangle^, into which s 
parallelogram is divided by its diagonal, are similar and equal, it is suffi 
cient to draw either one of these triangles, a oc or b o (, Fig:.. H, 16, 18, in- 
stead of the entire parallelogram 

47. If three concurrent coplanar farces arc in equilibrium, the lines rep- 
resenting them form a triangle; and the arrow.s, indicating their senses 
follow' each other around the triangle Thus, in Fig. 22 (a), we have, acting 
at o and balancing each other there, three forces: viz., (1) the vertical down- 
ward force 0 c of the weight, acting as a pull through the rope o c, (2) tin 
horizontal thru-st a o through the beam a o, and (.I) the upward inclinei 
thrust 6 0 of the .strut o b, all acting in the sen.ses (o c,a o,b o) in which th< 
letters are taken, and as indicated by the arrows. 

48. Each <jf the forces in Fig. 22 (6) and (c) is the anti-resultant of th< 
other two in the same triangle; and, if it.s sense be reversed, it becomes theii 
resultant. Thus, o c. Fig. 22 (b), is the anti-re.sultant, and c o the resultant 
of c a and a o; and o c. Fig. 22 (r), is the anti-re.sultant, and c o the resultani 
of c 6 and b o, cb being parallel to a o. Fig (6). and representing the thrust 
exerted by the horizontal beam again.st the joint o, Fig. (a).* 



Fig. 22. 


♦Fig. 22 Cd) and (e), representing the same two foice.s, a o, b o, of Fig 
22 (a), show the enoneous resultant (a 6) obtained if the lines are drawi 
with their arrows pointing both tow'ard or both from the meeting-point of tin 
lines. See 37, 38. A comparison of any force parallelogram, as tha' 
in Fig, 18, with either of the two force triangles composing it, will shov 
that this, while apparently contradicting IHl 37 and 38, is merely anothei 
statement of the .same fact The apparent contradictitin is due to thi 
fact that, in the force triangle, the lipcs representing the forces do no' 
meet at the point, a, of concuireiice of the forces. 
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49. Converseljr, if the three sides of a triangle be taken as reprcsentina 
in direction and in amount, three concurrent forces whose senses are su^ 
that arrows, representing them and affixed to their respective sides in the 
triangle, follow each other around it, then those forces are in equilibrium. 

50. The three forces, Fi^ 23, are oroportional, re.spectively, to the 
lines of their opposite angles. Thus: 


Force a : force h : force c 

•= Sin A : sin B ; sin C. rig. 23. 


A 

51. Example. In Fig. 24, the half arch and its spandrel, acting as a 
ingle rigid body, are assumed to be held in equilibrium by their combined 
veight, W, the horizontal pressure h at the crown, and the reaction 11 of the 
ikewback, which is assumed to act through the center of the skewback. In 
be force triangle c s t, c s, acting through the center of gravity of the half 
irch and spandrel, represents the known weight W, and s f is drawn hori- 
sontal, or parallel to h . From c, where h, pioduced, meets the line of ac- 
ion of W, draw c t through the center of the skewback. Then s t and c I 
jive us the amounts of h and R respectively. 




Fig. 24. 



52. Example. Let Fig. 25 represent a roof truss, resting ur>on its abut- 
aents and carrying three loads, as shown by the arrows. Draw a R ver- 
ically, to represent the proportion of the load.s carried by the left abut- 
nent, o, or, which is the same thing, the vertical upward reaction of that 
tbutroent. Then, drawing R c, parallel to the chord member, o d, to inter- 
[lect a e in c, we have, for the stresses in a e and a d, due to the three loads; 

Stress in a e = o c 
“ “ a d = R c 



Fig. 26. 


53. While any two or more given forces, as o 5 and h c. Fig. 26 (a) (arrows 
reversed), or o b' and b' c, or o a and a c, or o o' and o' c, can have but one re- 
mltant o c; a single force, as o c, may be resolved into two or more concur- 
rent components in any desired directions. In other words, there is an 
infinite number of possible system^ of concurrent forces which have o c for 
bcir rcf-ultant. 
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BectanRular Components. 

54. Besolutes, or Rectangular Components. A very common case 
of resolution of forces is that Where a force, as the pressure, c n, of the post, 
F»g. 27. is to be resolved into components at right angles to each other, as are 
the vertic^ and horisontal components c t and tn in Fig. 27 (a). Two such 
components, taken together, are called the resolutes or rectangular compo- 
nents of the force. The joint, o 4, in Fig. 27 (o), is properly placed at right 
angles to c n; but the joint cib. Fig. 27 (&), provides also against accidental 
changes in the direction of c n. In Fig. 27 (o), the surfaces, c i and t 6, are 
preferably proportioned as the components, c i and t n, Fig. 27 (a), respec- 
tively, by .similarity of triangles, cthfCin. 


BCD 




55. Example. In bridge and roof trua^es it is often required to find the 
vertical and horizontal resolutes of the stress m an inclined member, or to 
find the stress brought upon an inclined member by a given veitical or hori- 
zontal stress applied at one of its ends, in conjunction with another stress 
(who.se amount may or may not be given) at right angles to it. 

Thus, in Fig. 28, the tension C p in the diagonal C d is re.solved into a com- 
pression e p along the upper chon! member C D* and a compression C e in the 
post C c.* Adding to 0 c the load at r, and representing their sum by / c, we 
nave tension / p in chord member c d, and tension c g in the diagonal B c. 
Making B A --=■ c g.we have j h, compression in B C, and B j, compression in 
the end-post or batter post B A. But the load at 6 also sends to B, through 
the hip vertieiU B 6, a load (tension) equal to itself Representing this by 
B k, we have f A as its component along the chord member B C, and B f as its 
component along the en<l-post B A. Now, making Am — the sum of Tdj 
and B I, vfe find the vertical resolute A n so much of the vertical reaction 
of the abutment as is due to the three loads only, and the horizontal reso ute 
m n ”= the corresjjonding stress in the chord member, A c. 



Flgr. 29. Flgr. 30. 


56. Example. Inclined Plane. Again, in Fig. 29, let it be required 
to find the two resolutes of P (the weight of the ball) respectively parallel and 
perpendicular to tlie inclined plane. The former is the tendency of the b^l 
to move down the plane, and is called the tangential component. The 


♦The stress thas found is not necessarily the total stress in the member. 
The compression in C c (neglecting its own weight and that of the top chord) 
is due entirely to the tension C p in C d, acting at its top, and hence C « i ep< 
resents the total compression in C c; but e p is only a portion of the com- 
pression sustained by C D ; for B C also contributes its share tow'ard this. 
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latter ib the pressure of the ball ai^ainst the plane, and is called the normal 
component. 

Here we have only to draw the triangle of forces o a c* drawing o c = P to 
represent the weight of the ball, and o a and a c in the required directions. 
Then o a and a c give respectively the normal and the tangent ial components 
of the force, P.t 

o7. If we suppose the inclined plane a m. Fig 29, to be frictionless, and if 
the body o is to be prevented from sliding down the plane, by means of a force 
applied in a direction parallel to the plane, that force must be == c a. 

Thus, in Fig. 30, supposing the plane o m to be ftictionless, we have a c 
= pressure again.st the stop, «• 

58 , Table of normal and tangential coinponents for different 
angles of inclination: 



*Or ohc. If both triangles are drawn, we have the force parallelogram, 
oacb. 

tThe line a e (or c a) is called the projection of o c ufKin the inclined 
plane; and o a (or a o) is the projection of o C upon a normal to the inclined 
plane 
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59. Equations. In Fig. 29, 

o a — P . COP c o a 
a c P . sin c o a 

and, since the angle c oa between the vertical o c and the normal component 
o a is equal to the angle A of inclination between the plane g m and the hon- 
Bontal 0 n, we have . 

Nuimal component, oa — P . cos A. 

Tangential component, a c = P . sin A. 

60. When a force is resolved into rectangular components, as in Figs. 29 
and 30, each of these components represent.^ the total effort or tendency which 
tivat force alone can exert in that direction. 



Fl*f. »1. 


Thus, in Fig 31, the ntmo.st force which the weight o c alone can exert 
perpendicularly agaimt the plane is that represented by the component o a. 
True, if, in order to prevent the body from sliding down the plane, we apply 
a force in some other direction, such as the horizontal one, h o, instead of the 
tangential one b n, and find the components of o c in the directions h o and o a, 
we shall hnd the normal component o d greater than before ; but the increase 
a d is due entirely to tiie normal component, h 6, of the horizontal force h o. 
'rhii.s, the only effect upon the body o, and upon the plane, of substituting 
h 0 for b o, IS to add the normal component, h b, of the former, to that (o uj 
of 0 c. 


Stress Components. 

61. Stre.>s Componenf.s. In Fig. 32. let a o and b o be any two forces, 
and c 0 their resultant. Fiom a and h draw a a' and h b' at right angles to 
the diagonal o c of the force patallelogiam a o b c, and construct the sub- 
parallelograms (reotangle.s), o a' a a" and o b' b h". Each of the original com- 
ponents, o a, o b, is thus resolved into two sub-components, perpendicular to 
each other, one of which is perpendicular also to the resultant, o c, while the 
other coincides with o c in position and in sen.se. Now, perpendiculars, let 
fall from the opposite angles of a parallelogram upon its diagonal, are equal. 



c c 

Fife. 32. 


Hence the two colinear forces, o a" and o b'\ acting upon the body at o, are 
equal and opposite (although the lines, a* a and b' 6, rcpre.senting them, are 
not opposite). Hence also they are in equiiibnuin, and their only effect 
upon the body is a stress of compression in Fig. 32 (a), and of tension 
in Fig 32 (h). They may therefore be called the stress components. The 
other two sub-components (o a' of o a, and o b* of o b) combine to form the 
resultant o c, which is equal to their sum, and which tends to move the body 
« in its own direction. 

28 
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63. The two great forces, o a, oh, in Fig. 3.3 (6^ have the same resultant, 
0 c, = 0 c', as the two small forces, o a! o b', in Fig, 33 (a), although thoir 
stress components, a” a, =* 6" b, are much greater. 

63. It often happens that one of the components is itself normal to the 
resultant. Thus, in Fig. 22, where o c is vertical, its component, o a, is hori- 
zontal, and the perpendicular, let fall from a upon o c, repre.sents its hori- 
zontal anti-component, a o. Hero the horizontal and the inclined beam 
sustain equal horizontal pressures; but the vertical pressure, n c, = the 
weight, W, is borne entirely by the inclined beam. 



64. When, as in Fig. 34, the resultant, oc, forms, with one of the original 
components, o « and o b, an angle, aoc, greater than 90'^, the porjicndiculars, 
a a', b 6', from a and 6, must be let fall up#n the line of the resultant jtroduad. 
Here, however, as before, the two equal and opposite sub-components, o a" 
and o are in equilibrium at o, while the other two sub-components, o b' and 
o a', go to make up the re.sultant o c; which, however (since o b' and o a' hero 
act in opposite sen.se.s) is equal to their difference, and not to their sum, as in 
Fig. 32. 

Fig. 34 shows that a downward force, o c, may be so resi^lved that one of its 
components is an upward force, o a, {preater than the original downward fotre, 
and that the pres'^ure, o b, has a component, o b' or b" 6, parallel to o c, and 
greater than o c it.solf; for b" b =• o b' — o c -I c b\ 


Applied and Imparted Forces. 

65. Applied and Imparted Forces* In Fig. 29, the ball is free to 
roll down the inclined plane. Hence, although the entire weiglit P of the 
ball is applied to the body g mn, only the normal vomponeut o o is imparted 
to it or exerts any pre.ssure upon it, and this prc.ssure is in the direction o a. 
But in Fig. 30, the body g mn receives and resist.s not only the normal 
component o a, but also (by meaas of the stop s) the tangential component 
c b; and the entire force P, or o c, is thus imparted to the body gmn, press- 
ing it in the direction o c. 


Composition and Resolution of Concurrent Forces by Means 
of Co-ordinates. 

66. In Fig. 35 (a) let the three coplanar forces E, F and G act through 
the point x. Draw two lines, H H, and V V, l*ig. 35 (6), cros-sing each 
other at right anglos, as at o* These Iine.s are callcil rectangular co-ordin- 
ates. From o, draw lines E o, F o, G o, parallel to E r, F z, G z. Fig. 35 (a), 
and equal respectively to the forces E, F, and G by any convenient scale. Re- 
solve each of these forces, Fig. 35 (6), into two components, parallel to H II 
and V V respectively. Thus, E o is re.solved into t o and n o, F o into v o 
and e o, G o into i o and m o. Then, summing up the resolutes, we have: 
Sum of horizontal re.solutes = «o — io — to == — «o, and 
Sum of vertical resolutes = n o | e o — mo - a o; 


♦It is only for convenience that the co-ordinates are usually drawn (as in 
Fig. 3.5) at right angles, 'i’hey may be drawn at any other angle (see Fig. 
36) ; but, in any pa.se, the forces mast of course be resolved into components 
parallel to the co-ordinate», whatever the direction.'! of those co-ordinates may 
be. 
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and — 8 0 and a o are the resolutes of the resultant, R, of the three forces, E, 
F and G. 

67. When a system of (concurrent) forces is in equilibrium, the algebraic* 
sum of the components of all the forces, along either of the two co-ordinates, 
is zero. Thus, in Fig. 35 (6) or 36, if the sense of R be such that it shall act as 
the anti-resultant of the other three forces E, F and G, its component, o « or 
o a, along either co-ordinate, will be found to balance those of the other 
forces along the same co-ordinate. 



Hence we have the very important proposition that : When a syirtem of 
concurrent coplanar force.s i.s in equilibrium, the algebraic .suras of their com- 
ponents, in any two directions, are each equal to zero. 



68. Conversely, in a system of concurrent forces, if the algebraic sums cl 
the components in any two directions are each equal to zero, the forces are 
in equilibrium. 

If the sum of the components in one of any two directions is not equal to 
zero, the forces cannot be in equilibrium. Thus, in Fig. 35 (6) or 36 (o), the 
sum of the components, along cither one (as VV) of the two co-ordinat^ 
may be zero| and yet, if the sum of those along the other co-ordinate ie 
not zero, their resultant, or algebraic sum, will move the body, on which 
they act, in the direction of that resultant. 


"'The components being taken as -|- or — , according to the sense of each. 
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69. With vertical and horinontal co-ordinates, the condition of 
equilibrium* becometi: 

The sum of the horizontal resolutes must be equal to zero; 

The sum of the vertical resolutes must be equal to zero; 

or, more briefly: 

2 horizontal resolutcs = 0 
2 vertical resolutes = 0 

Conversely, if these conditions are fulfilled, the forces are in equilibrium. 



70. Resultant of More than Two Coplanar Forces. Where it 
is required to find the resultant of more than two concurrent and coplanar 
force.s, as in Fig. 37, we may first find the re.sullant Kj of any two of them, 
as of Pi and Pj; then the re.suttant. R-. of lli and a third force, as Pg; and so 
on, until we finally obtain the resultant R of all the forces. This resultant is 
evidently concurrent and coplanar v ith the given forces, 

71. It is quite immaterial in what order the forcc.s are taken. 
Thus, we may, as in Fig. 38, finst combine Pi and Pj; then tlieir re.sultant Ri 
with Pj, obtaining Rj; and, finally, Ro with P4, obtaining R; or, a.s in Fig 39, 
we may first combine any two of the force.s, as Pi and Po, obtaining their 
resultant Ri; tnen proceed to any other two forces, as Pj and P4, and obtain 
their resultant Ro; and finally combine the two resultants, Ri and Ro, ob- 
taining the resultant R. 


The Force Polygon. 

73. The Force Polygon. Comparing Figs. 37 and 38 with Figs 40 
and 41, respectively, we see that we may arrive at the same resultant R by 
simply drawing, as in Fig. 41, lines representing the several forces in any 
order, but following each other according to their senses. It will be noticed 
that this is merely an abbreviation of the process of drawing the several force 
parallelograms, 

73. Resultant and Anti-resultant. The line,— R, required to com- 
plete the polygon, represents the anfi-resultant of the other forces if its sense 
IS such that it follows them around the polygon, as in I'ig. 40. If its sense is 
opposed to theirs, as in Fig. 41, it is their resultant, R. 

74. In other words, if any number of concurrent forces, as Pj, Po, P3, P* 
and R, Figs. 37 and 38,t are in eauilibrium, the lines representing them, if 
drawn in any order, but so that tneir .senses follow each other, will form a 
closed polygon, as in Fig. 40 (or in Fig 41 if the sen.so of R be reversed). 

76. Conversely, if the lines reprc.senting any system of concurrent 
coplanar forces, when drawn with their senses following each other, form a 
closed polygon, as in Fig, 40, those forces are in equilibrium. 


♦With non-concurrent forces, another condition must be sati.sfied. See f 83. 
tR is here regarded as tending upward, so as to form the anft-resultant of 
the other fonses. 



FORCE POLYGON, 
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It will bo noticed that the force triangle, and the straight line representing 
a system of colinear forces. Figs. 10 and 11, 20, etc, or a system of 

parallel forces, Figs, do, etc , 111 , etc., are merely special cases of the 

force polygon. 

76. Tn a force polygon, Fig. 42, any one of the forces is the anti-resultant 
of all the rest. Any two or more of the forces balance all the rest; or, their 
resultant i.s the anti-resultant of all the rest. 

If a line acor b d, Fig. 42, be drawn, connecting any two corners of a force 



40 . 



polygon, that line represents the resultant, or the anti-resultant (according aa 
its arrow is diawn) of all the forces on either side of it. Thus; 


n (’ is the re,sultant of Pi P« and the anti-resultant of P 4 P^ 

cn P, P4.P.<> “ “ “PlP 2 

h d “ “ “ P« P., •• " “ P4 P5 Pi 

db P 4 Pr, P, • “ •• Ps Fi 


77. Knowing the directions of all the forces of a system, as P] Pr., 

Fig. 42, and the amounts of all but two of them, as P» and P 3 , we may find the 
amounts of (hose two by first drawing the others, P 4 , Ps and Pi, as in the 
figure. Then two lines b c and c d. drawn in the directions of the other two 
and closing the polygon, will necessarily give their amounts 



4 a. ri,f. 44 , 


78. If any two points, us o and c. Fig 48, be taken, then the force or forces 
represented by any lijie or sjhtem of hues joining those two points will be 
equivalent to o c. 'I'lms: o c -- o a b c o d c ~ o n p c ~ 0 h k m c = 
0 h me = 0 f c - 0 fir f, etc , etc. 

Similarly, in Fig 42, tlio fiirce yiolygtin a b c d e ais equivalent to the force 
polygon ab f d e a, and to the force triangle, a h c n. eacn being — zero. 

Non-conciirreiil Coplanar Forces. 

79. Non-concurrent Coplanar Forces. Fig 44. The process of 
finding the resultant of three or more coplanar but non-concurrent forces is 
the same as if they were concurrent. Thus, let P,, P... and P( represent three 
such forces.* We may first find the resultant Ri of any two of them, as Pg 


*.\nv Uvo coplanar non-parallel forces, ns P| and P«, or P.) and Pa are 
necessarily concurrent (see 19); but there is no single point in which 
Ihe three forces meet. 
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and Ps; and then, ny combining Ri with the remaining force Pj, we find the 
resultant R of the three forces. Here tlie line R represents the resultant, not 
•nly in amount and in direction, but also in position. That ia, the line of 
action of the resultant coincides with R. 

80 . The resultant R is the same, in amount and in direction, as if the 
forces were concurrent, and its position is the same as it would have been if 
ttieir point ot concui rence were in the line of R. If there are more than three 
forces, we proceed in the same way. 

81. Conversely, the re.sultiint R, or any other force, may bo resolved 
into a system of any number of eoncurrent or noncoiicurrent eoplanar forces, 
in any directions, at pleasure. Thus, we may first resolve II into Pi and Ri ; 
then either of those into two other forces, as Ri into i « and P.t, and so (ni, 

82. If a system of non-eoncuri-ent eoplanar forces is in equilibrium, the 

force.s will still be in equilibnum if they are .so placed as to be concurrent; 
provided, of course, that their liirections, senses and amounts remain un- 
changed; but it does not follow' that _a .sv.stem of forces, which is in equilib- 
rium when concurrent, will remain in equilibrium when so placed as to be 
non-concurrent. . , . r- 

Thus, the five forces, Pi P-.. Fig. 4."> (a), may be so placed, as in rig, 

45 (6), that the resultant a r, of Pi and P2, does not coincide with the re- 
sultant c a of Pa, P4 and Pr„ but is parallel to it. These two resultants then 
form a couple. (Sro 11 ^ 155, etc.) 


a 



83. Third Condition of Equilibrium. Jlencc, the conditions of 
aquilibrium for concurrent force.s, stated in t 69, 

2 vertical components =• 0 
2 horizontal comixments =■ 0 

do not suffice for non-concurrent forces, and a third condition must be added, 
viz. 

2 moments = 0; 

i. e., the moments of the forces, taken about any point, must be in equilib- 
rium. 

A system of forces in equilibrium has no resultant ; hence it has no moment 
about any point. In other word.s, the moments of the forces, a-s well as the 
forces themselves, are in equilibrium. 

84. The resultant of a system of unbalanced non-concurrent 
forces, acting upon a body, may be either 

(1) a single force, acting through the center of gravity of the body; r>r 

(2) a couple: i. e., two equal and parallel forces of opposite sense (see 
^11 155, etc.); or 

(3) either (a) a single force, acting through tlie center of gravity' of the 
body, and a couple; or (b) a single force acting elsewhere tha» Uirniigh the 
center of gravit.v of the body. 

In Case (3), the two alternative resultants are interchangeable; t e., a 
single force, acting elsewhere than through the center of gravity of the bcxly. 
may always be replaced by an equivalent combination consisting of an equal 
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parallel force, acting through the center of gravity of the body, and a couple^ 
and vice versa. 11 H 161, etc. 

The resultant gives to the body, in Case (1), motion of translation in a 
straight line, witiiout rotation; in Case (2), rotation without translation; 
and in Case (3), both translation and rotation. See foot-note (♦), 11 1. 

85. The force polygon, H 72, Figs. 40, etc., and the method by co- 
ordinates, t 66, Fig. 3.'j, therefore, give us only the amount, direction and 
sense of the resultant of non-concurrent forces, and not its pooUion. To find 
the position of the resultant of non-concurrent forces, we may have recourw 
to a figure, like Fig. 44, where the forces are represented in their actual posi- 
tions, or to the cord polygon, HH 86, etc., F'ig. 46. 


The Cord Polygon. 

86. In the force triangle any two of the three lines may be regarded as 
representing, by their direct ions, the f»osition.s of two members (two struts 
or two ties, or one strut and one tie) of indefinite length, resi.sting the third 
force; while their lengths give the amounts of the forces which those mem- 
Lers must exert in order to maintain equilibrium. 



87. Tims, in Fig. 26 (5), are shown four different sy.stems, of two mem- 
bers each, inclined respectively like the forces c b and 6 o in Fig. 26 (a) and 
balancing the third force o c. The stresses in these two members are given 
by the lengtlis of the lines c b and b o in Fig. 26 (a). 

The members acting as struts are represented, in Fig. 26 (h), a.s abutting 
against flat surfaces, while those acting as ties are represented as attached 
to hooks, again.st w’hich they pull. 

In Fig. 26 (f) and (d) arc indicated sy-stems of members, inclined like the 
forces c a' and a' o, ca and a o, respectively, of Fig 26 (o), by which the third 
force 0 c might be supported. 

88. In the force polygon abedea. Fig. 46 (h), representing the four 
forces, Pi, P-, p3, P4, of Fig 46 (a), if we select, at pleasure, any point o 
(called the pole) and draw from it a series of straight lines oa,ob, etc. (called 
rays), radiating to the ends, a, 6, c, etc., of the lines Pi, P2, etc., representing 
the forces, we shall form a series of force triangles, aoh^hoc, etc. 

Thus, in the irianple ah owe have the force P|, or a 6, balanced by the two 
forces 0 a and b 0 ; m the triangle h c o, the force Pj, or 6 c, balanced by the 
two forces o h and c o; and so on. 

89. The Cord Polygon. If, now, in Fig. 46 (a), we draw the lin« a 
and h, parallel respectively to the rays o a and o 6 of Fig 46 (b) and meeting 
in the line representing the force P), they will represent the positions of two 
tension members of indefinite length, which will balance the force Pi by ex- 
erting forces represented, in amount as w’ell as in dire<‘tion, by the rays o o 
and 6 o, Fig. 46 (6). Again, taking pole o', Fig. 46 (ft), instead of o, we have 
o' and y, Fig. 46 (o'), parallel respectively to the rays, o' o and o' b, and rep- 
resenting a pair of struts performing the same duty. 

90. Similarly, the lines ft and c. Fig. 46 (o), parallel respectively to rays o ( 
and o c, represent two tension members, which, with stresses equal respeo* 
lively to 0 o and C o, Fig. 46 (ft), balance the force Pg. 
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91. We thus obtain, finally, a system of five tension members, ah cdt^ 
Fig. 46 (rt), which, if properly fastened at the ends a and e respectively, w'ill, 
by exerting forces represented lesuectively by the rays, o a, o b, o c, etc.. Fig. 
46 (6), balance the four given forces Pj, P-, P3 and P4. 

92. The figure abode, Fig. 46 (a), is called a cord piilygon, funiculai 
polygon, or equilibrium polygon. 

93. Resultant, Anti-resultant. Amount and Direction. In the 
force polygon. Fig. 46 (6) or (d), the line e a, joining the end of the last force- 
line d e with the beginning of the first one a b, represents the anti-resultant of 
the given system of four forces, and a e their resultant. Evidently, there- 
fore, the ray.s a o and o e, which represent two components of a c, represent 
also, in direction and in amount, two forces which would balance e a, or which 
would be equivalent to the given system of (four) forces. 



94 . Position of Resultant. Hence, in the cord polygon. Fig. 46 (a), 
the intersection, i, of the cords a and c, parallel respectively to the rays o a 
and e o, is a point in the line of action of the resultant R; and, if we imagine 
a t and c t to be rigid rods, and apply, at 1, a force, — R, equal and parallel to 
a e, but of opposite sense, that force will lie the anti-resultant of the (four) 
given force.s, and we shall have a frame work bcdiof cord.s and rods, kept in 
equilibrium by the action of the five forces, Pj, Pj, P#, P4 and — R. 

95. The choice of position of the pole, o, in the force polygon, Fig. 46 (b), 
does not affect the re.sultant, R ; but it iloes affect the snapie of the cord 
polygon, Fig. 46 (a) or (a'), i'hus, with the forces drawn in the order shown 
in (b), and with the pole, 0 , on the n^/U, we obtain, as in Fig. (a), a senes 
of supposed ties, a, b, c, etc.; but, with the pole, o', on the left (forces drawn 
BB before) we obtain a series of struts, a', b\ d , etc.. Fig. (o') 

96. In con.stnioting the cord polygon, Fig. 46 (a), (a'), (r), and (e), cars 
must be taken to draw the cord.s in their proper jdace.s; and for this it is nec- 
essary to remember, simply, that the two rays pertaining to any particular 
force line in the force polygon. Fig 46 (6), represent those members which. 
Id the cord polygon, Fisr 46 (a), take the compoiiimtH of that force. 
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Thus, o a and b o. Fig. 46 (fc), pertain to the force Pi ; o 6 and c o t9 the 
force Pg. Hence, in Fig 46 (a) or (c) we draw a and 6 (parallel respectively 
to o o and 6 o) meeting in the line of action of Pj ; 6 and c (parallel respect- 
ively to ob and c o) meeting in the line of action of P«, etc., etc. 

97. Each ray in the force polygon. Fig. 46 (f>), including the outside ones, 
is thu.s seen to pertain to two force.«, and each lorce has two rays. The two 
cords, parallel re.spectively to the two rays of any force, must be^ drawn to 



etc , in the cord polygon, Fig 46 (o) ami (c), give merely the inchnations of 
members which, as there arranged, would sustain the given forces. The 
lengths of these lines have nothing to do with the amounts of the stresaea. 
The-^e are given by the lengths of the corresponding rays in tlie force polygon. 
Fig. 40 (M. 



98. If the anti-resultant force, — R. i.s not applied, the cords o and e may 
he supposed fastened to lirin supports, agaui.st which they e.xert stresses rep- 
resented, in amount and in direction, by the rays a o and o c, respectively. 
But the resistances of tho.se two supports arc plainly equal and opposite to 
those stresses, or equal to o a and e o respectively. Hence, Iheir reaultant la 
the anti-resultant, — R, of the four originol forces. 

99. If, Fig 46 (e), the two end members a and e were attached merely to 
two ties, V and V', parallel ^ the anti-resultant, — R, they would evidently 
draw the ends of those ties inward toward each other. To prevent this, let 
the strut k be inserted, making it of such length that the ties V and V'may 
remain parallel to — R, and draw o k. Fig. 46 (6), parallel to k. Then a k 
and k e give the stresses in V and V' r^ipectively. 

100. If the anti-resultant, — R, found bv means of the force polygon, b« 
applied in a line passing through the intersection of the outer (initial am] 
final) members in the cord polygon, all the forces, including of course th< 
anti-resultant, will be in equilibrium. In other words, coplanar forces an 
in equilibrium if they may be .so drawn as to form a closed force polygon, ant 
if a closed cord polygon may be drawn between them. But it the anti-re< 
sultant be applied elsewhere, we shall have a couple, composed of the anti< 
resultant, — R, and the resultant R of the forces. 



380 


STATICS. 


Concurrent Non-coplanar Forces. 

101. Any two of the concurrent forces, as o a and o c, Fig. 47 (a) or (6), are 
necessarily coplanar. Find their resultant, o r, which must lie coplanar with 
them and with a third force o b Then the resultant, R, of o r and o 6 is tlie 
resultant of the three forces. If there are other forces, proceed in the same 
way. 

102. No three non-coplaimr forces, whether concurrent or not, can be in 
equilibrium. 

103. Force Paralleloplped. ^ The resultant of any three concurrent 
non-coplanar forces, o a, o b, o c, Figs. 47, will be represented by the diagonal 
o K, of a paralleloplped, of which three converging edges represent the three 
forces. 

104. Methods by Models, (a) For three forces. Con.struct a 
box, Fig. 47 (n) or (b), with three convergent edges representing the three 
forces in position and amount. Then a string o R, joining the proper corners, 
will represent the resultant. 



Or, let ao, bo, c o, Fig, 48 («). l>e three forces, meeting at o. Draw on 
pasteboard the three forces a o, b o, c o, as in Fig. 48 (1>), with their actvol 
angles ao b, bo c, c oa, and find the resultant w o of the middle pair, b o arnl 
c 0 . Cut out neatly the whole figure, a o a c w h a. Iviake deep kiufe- 
scratches along o b, o c, so that the two outer trianglo.s may be more roadih 
turned at angles to the middle one. Turn them until the two edges o a, on 
meet, and then paste a piece of thin pajior along the meeting joint to U^ep 



(«) (ft) («) 

FIr. 4H. 

them in place. Stand the model upon its side o b ir c as a base, and we shall 
have the slipper shape a oh w. Fig, 48 (c) ; o w being the sole, and a ob the 
hollow foot. In the model, the force a o and the resultant w o of the other 
two forces, are now in their actual relative po.sitioiis To find their resultan < , 
cut out a separate piece of pasteboard, R a o w, w it h R a and R w parallel 
respectively to w o and a o. Draw upon each side of it the diagonal R o. 
Pa^e this jpiece inside the model, with its lower edge w o on the line w o, Fig, 
48 (6), and its edge a o in the corner a o This done, R o represents the re- 
sultant of a 0 , bo, c 0 , Fig 48 (a), in its actual position relative to them. 

105. (b) For four fore PS, as a 0 , 6 o, c o, do, in Fig. 49. Draw them as in 
Fig. 49 (a), with their angles a oh, hoe, etc. Draw also the re.sultants v o, of 
p 0 and 6 o; and to o, of c o and d o. Then cut out the entire figure, as before, 
and paste together the two edges a o, a o. Hold the model in such a way 
that two of its pkmea (as a o 6 and 6 o c) form the same angle with each other 
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M do th? two corresponding planes between the forces. Then we have the 
two resultants vo,wo, h ig. 49 (6), in their actual relative positions. Cut out a 
separate piece of pasteboard R vow, Fig. 49 (6). draw the diagonal R o on 
each side of it, aiul paste it inside the model, with o v and o w on the corre- 
sponding lines of the model. ^ Then R o will represent the resultant of the 
® m its actual position relative to them. 

Ihe model may be rnade of wood, the triangles a o b, hoc, etc., being cut 
out separately, the joining edges bevelled, and then glued together. 



Non-concurrent Non-coplanar Forces. 

100. Non-concurrent Non-coplanar Forces. Fig 50(a). (For par- 
allel non-coplanar forces, see UH 110. etc ) Resolve each force into two rec 
t angular C(miponent.s, one normal to an a.ssumed plane, the other coin 
oiding with the plane * Find the resultant of the (coplanar) components 
coinciding with the plane, by methods already given, and that of the normal 
fparallol) components, by 110, etc. If the.se two resultants are coplanar, 
t.ipy are also concurrent, and their resultant (which Ls the resultant of the 
' vstem) IS readily found 

107. If not, let V, Fig .50 (6), be the resultant normal to the plane, and M 
t lie resultant Ivmg in the plane Bv 1! 162, substitute, for H, the equal and 
parallel force H meet ing V at O. and the couple H . 0 «. and find the result- 
Mnt. K . of \ and H ! he system of forces is thus reduced to the single force 
It and the couple II () a Foi Couples, .see T 1."", 


V 



Fig. 50. 


r! Forces. The action of the weight 

W of the wall, I'lg .jI (n), and of the non-coplanar forces P] and Po, may be 
^ the axle a' c' represeits the e^a c 

about which the wall tends to turn, while the bars or levers represent the 
1 ^® force.s. So far as regards the overturning stability of the 
wall, regarded as a rigid body and as capable of turning only about the edge 
a c. It 1.S immaterial whether an extraneou.s force, as P,. is applied at p or at 
J'rJ. n >m“iatenal a.s regards a tendency to swing the wall 

fracture it; or as regards pressures (and conse- 
quent fnction)^between the axle o' c' and its bearings. For equilibrium, Pj m 

"• Ps h + W. 2 . Here a torsional or twi.sting stress is exerted in the axle, 


♦Wires, stuck in a board representing the plane, v ill facilitate this. 
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and the pressures of its ends in the bcarinKS are more or less modified ; but, 
HO far as merely the eciui librium of the moments is concerned, we may sup- 
pose all of the forces and their moments to be shifted into one and the same 
plane, as in Fig. 51 (r). 

109. In cases like that represented in Fig. 51, it is usual, for convenience, 
to restrict ourselves to a supposed vertical slice, s, 1 foot thick, and to the 
forces acting upon such slice; supposing the weight of the slice to be concen- 
trated at its center of gravity, and the extraneous forces to be applied in the 
same vertical plane with gravity In effect, we are then dealing with a 
slice indefinitely thin, but having the weight of the 1-ft. slice 



FIs:. 51. 


PARAIXEI. FOliCES. 

110. The resultant of any number of parallel forces, whether 

they are in the same plane or not. and whether in the same direction or not, 
is parallel to them and — their algebraic sum. 

Coplanar Parallel Forces. 

1?1. The resultant of any number of coplanar parallel forces 

is in the same plane with them, whether the forces are of the same or 
of opposite sense; and the leverages, or arms, of such forces, and of their 
resultant, about any given ^int in the same plane, are in one straight line. 
Thus, in Fig ,56 (a), where the five forces, o, b, c, d and e arc in one plane, their 
resultant, II, is in that same plane; and the leverages of the forces, and 
of R, about any point, as b or i’, m the same plane, are in the straight line 11 v. 



112 * The resultant, R, or anti-resultant, Q, Fig. 52, of two parallel 
forces, a and 6, intersects any straight line, u v, joining the directions of 
the two forces. Hence, if three parallel forces are in equilibrium, they are 
in the .same plane. In Fig. 52 (a), the two forces, a and b, are of like 
sense. R is then between a and h, and R ~ 6 -f- a. In Fig. 52 (6), a and 
are of opposite .sense. R i.s then not between a and b, and R = 6 — O. 
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113.. To find the position of the resultiint, draw and measure any straight 
line, u V, joining the lines of action of the forces. It ih immaterial whether 
u r is perpendicular to said directions, or not. The line representing the 
resultant cuts u v, and its [losition is found thus: 

ui = u V X ^ ; and v i = u v X . 



114. This may be conv'cniently done by making u v equal, by any conve- 
nient scale, to the sum of the forces, as in Fig 53, where w v = 42, Then 
make u i equal, by the same scale, to the force at v, or v % equal to the force at 
u. Then a line, R, Fig 52 (o), drawn through i parallel to a and 6, gives the 
pcxsition and direction of their rc.sultant; and its amount is equal to the sum 
of a and 6; or H = a -(• b. In other words, if a force, Q, parallel to a and b, 
and equal to their sum, hut of opposite sense, l>e applied to the body any- 
where in a line pas.sing through t. it will balance a and 6, or will be their anti* 
resultant. 



(«) TiK. 55. {h) 


115. The position of the re.sultant, so found, satisfies the condition 
equilibrium of moments: thus, h.rn — a ui *= zero. 

If the two force.s are equal, their resultant R is evidently inidw'ay between 
them. 

116. In the common .steelyard. Fig. 54, the two forces a and 6, of 
Fig. 52 (a), are represented by the two weights, a = 3 pounds at u, and b — 
I pound at v, with leverages ui and vi respectively, as 2 : 6, or as 1 : 3. 
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It will be noticed that in Fig. 56 (a) the resultant, R, owing to the posi 
tions and amounts of the several forces, falls outside of the system of given 
forces. 

117. Figs. 55 to 58 illustrate the application of the cord polygon 86 
to 100) to 00 planar parallel forces. Here the force polygon is necessarily a 
straight Une. 



118. Resolution. Let Fig. 57 (a) represent a beam bearing a single 
concentrated load, a, elsewhere than at its center; and let it be required 
to find the pressure on each of the two supports, w and x. 


X 




Draw X a, Fig. 57 (6), to represent the load o by scale, and rays X O, a O, 
to any point O not in the line X o. In Fig. (o), from any point, t, in the 
vertical through the point, a, where the load is applied, draw % « and i r, 
partdlel respectively to 0 X and O o. Join r s, and in Fig. (6) draw O w par- 
allel to r «. Then the two segments, w a and X tc, of X a, j?ive by scale the 
pressures upon the two supports, ® and x respectively. 1 he greater pres- 
sure will of course be upon the support nearest to the load ; but we may 
be guided also by remembering that the segment X «?, adjoining the radial 
line 0 X in Fig. (6) represents the pressure on that support, x. Fig. (o), 
which pertains to the line i a parallel to O X; and vice versa. 

119. Fig. 58 represents a case where there are several loads on the 
beam. Here the intersection, t, of the lines h a and k r. Fig. (a), drawn 
parallel respectively to O X and c O, Fig. (6) shows the position of the 
resultant of the three loads. Here, as in Fig. 67, we join r a. Fig. (a). 
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and draw O to. Fig. (6), parallel to r a. Then X %u. Fig. (6). gives tne 
pressure upon x, and w c that upon 



Xon-roplanar Parallel Forces. 

120. Non-coplanar Parallel Forces. Fig. 59 (a). Between the 
lines of action of any two of the forces, as a and b, draw any straight line, u v, 
and make 

^,6 vy « 

u t - u V X -- , ; or v t = u v X r . 

o, t o a -T b 

Through i draw' R', parallel to a and b, and equal to their sum. Then 
is R' the resultant of a and b. Then, from any point, t, in the line of action 
of R', draw t z to any point, r, in the line of action of c, and make 
c 

I k --- i z \ p , ; or 3 A: *- i 2 X — tyv . Through k draw R parallel to 

C ^ XV C ‘T Jtv 

«, b and c, and equal by scale to their sum. Then is R the resultant of the 
three forces, a, b and c. If there are other forces, proceed in the same wrsy 
with them. 



(«) FI*. 59. (ft) 


121. In Fig. 69 (a) we have shown the forces, a and c, acting upon surfaces 
raised above the general plane, merely in order to illustrate the fact that it is 
not at all necessary that the forces be supposed to act upon or against a plane 
surface. 

122. Although Fig. 59 (a) illustrates the method of finding the remiltant 
of non-coplanar parallel forces, yet it plainly does not give the actual relative 
positions of the forces and their resultant ; because it is necessarily drawm in a 
kind of perspective, and therefore all the parts cannot be measured by a 
scale. The true relative positions may of course be representtni in plan, as 
by the five stars, a, ft, c, i and k. Fig. 59 (ft), corresponding to the points where 
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the forces? and resultants intersect some one chosen plane. But it is now 
impossible 1,0 represent the forces themselves by lines. They must there- 
fore be stated in figures, as is here done. It is then easy to find the positions 
of the resultants, as before 

123. If there are also forces acting in the opposite direction, as 
d and e. Fig. 59 (a), find their rc.sultaiit separately. We thus obtain, finally, 
two resultants of opposite sense. 'I'hese resultants may be equal or unequal, 
and colinear or non-colinear. If they are noii-colinear, see S4, and (’ouples, 

155, etc. 

124. 31ethod by projections. Fig. 60. First find the projections, 
tt', h' and c' of the forces, a, b and c, upon any plane, as x ?/, parallel to 
them; and then their projections, a", b", and c'', upon a second plane, x v, 
parallel to them and normal to the first. Find the position, R', of tlu' re- 
sultant of a', h' and c', in plane x y. and that 11", of a", b" and c", in plane 
X V. Now, as the lines, a', b', c', and a", b", c", are projections of the forces, 
a, b and c, so R', R", are projections of the resultant, R. of the forces. The 
position of R is therefore at the inter.st>ction of two planes, R R' and R R", 
perpendicular to the planes, x i/ and x v, and .standing upon the prujeefions 
R' and R", of the re, suit ant. U. R - « r 5 - i. 



rig. fto. 


CENTER OF GRAVITY. 

1^, If a bofly, Fig. 1,* or a system of bodies. Fig. 2. Vie held successively 
in different positions, (u), i), etc., the resultant of the iianillel forces of grav- 
ity, actinig: upon its jiarlioles and indicated by the arrows in the figun's, will 
occupy different positions, relatively to the figure of the Viody oi system. 
That point, where all these pu.sition.s, or lines of gravity, inec>t. is called the 
center of gravity of the body or system,' Thus, if a liornogeneous cylinder 
lie stood vertically upon either end, the line of gravity will eoincide with 
the axis of the cylinder ; but if the cylinder be then laid upon it'^ side, the 
line of gravity will intersect the axi.s at right angles and will bisect it. 
Hence, in the cylinder, the center of gravity is at the center of the axi.s. 

1^. About the center of gravity the moments of .all the forces of gnivitj 
are in equilibrium, in whatever position the body or system may be Hence, 
the body, or system, if susjiended by this point, and acted upon by gravity 
alone, will balance itself i. e., if at rest it will remain at re.st; oi, if set ir. 
motion revolving al) 0 ut its center of gravity, and then loft to itself, it will 
continue to revolve about that center indefinitely and with uniform angular 
velocity. Or. if suspended freely from any point, it will ascillatc until the 
center of gravity come.s to rest vertically under such point. 


♦ Figs. 1 to 45, relating to Cimter of Gravit.v, are numbered indeiicndently 
the rest of the .sci ie- of figure.s relating to Statics. 
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137. In some botiies, such as the cube, or other parallelopiped, the sphere, 
etc., the center of gramiy is also the center of the weight of the body; but 
very frequently this is not the case. Thus, in a body a b. Fig. 2, with its 
center of gravity at G, there is more weight on the side a G, than on the side 
G 6. 



(a) (b) 

Figr. I. 


stable, Unstable, and Indifferent Equilibrium. 

138. A body ts said to be m stable equilibrium when, as in the pendulum, 
it is so .suspended that, if swung a little to either side, it tends to oscillate 
until it come-! to rest again, with its center of gravity vertically under the 
point of su><i»eri.sion. 

139. It !'■ -'iud to be in unstable equilibrium when, a.s in the ca.se of an 
egg, stood ur»on its point, it is .so supported that, if swung a little to either 
side, and left to itself, it swings further out from the vertical and eventually 
falls 

i;JO. It i.-. >,iid to lie in indifferent equilibrium when, as in the case of a 
grindstone. -'Upfxirted by its horizontal axis, or of a sphere resting upon a 
horizontal table, it is so suspended or supported that, if made to rotate about 
Its center of gravitv and then left to itself, it W’ill continue in that state of reel 
or of angular motion in which it is left. 


a 




(a) (b) 

Figr. 2. 


General Buies. 

131. The following general rules (1) to (6), form the basis of the special 
rules, (7) to (39) 

I n speaking of the center of gravity of one or more bodies, we shall assume, 
for simplicity, that they are homogeneous (i. e , of uniform density through- 
out) and of the same density with each other. The center of gravity is then 
the .same as the center of volume, and we may use the volumes of the bodie.s 
(a.s in cubic feet, etc.) in the rules, instead of their weights (as in pounds, etc ). 

In applying these general rules to surfaces, use the areas of the surfaces, 
and in applying them to lines, use the lengths of the lines, in place of the 
weights or volumes of the bodies. 

In all of the rules and figures, pp. .388 to 398, G represents the center of 
gravity, except where otherwise stated. 

29 
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FORCE IN RIGID BODIES. 


(1). Any two Irodkes, Fig. .3. Having found the center of gravity, g. g\ 
of each body, by means of the rules given helow: then G is in the line Joining 
pand^'; and 

sum of weights of and y 


y'G 


93^ X 


weigh t of g 

sum of weights of g and ^ 



(5t). Any number of bodlcSf as 0 , 6 and c. Fig. 4, wliether their eenten 
of gravity are in the pHtne plane or not. 

First, by means of rule (li find the center of graviH’, (7, of any two of the 
bodiesj as a and b. Then the ccnhir of gravity, G, of the three bodies, a, 6 
and c, IS in the line joining^ witli the center of gravity, 3' of c; and 

(rO-jff'X « 

sum of weights of a, fc and c ’ 

9^ G gg' X o^eights of a and 6 . 

sum of weights of o, h and c 
and so on, if there are <»ther bodies. 

(3). In nianycaM'Siaalngle complex body may be supposed to be divided 
into parts u hose several centers of gravity can bo readily found. Then the 
center of gravity of the whole may be found by the foregoing and following 
rules. Thus, m Fig. 6, we may find separately the centers or gravity of the 



two parallelepipeds and of the cylinder between them (eaeh in the center of 
its respective portion of the whole solid); and in Fig. 6 the centers of gravity 
of the square prism and tlie square pyramid- (tlie latter by rule (.3 ij), 
and then, knowing in either case the weights of the several parts, find their 
common center 01 gravity as directed in rules (1) and (2). 
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Jknj hollow bodjr, or body containing one or more openings. Pig, 7 
Ffna the common center of gravity, o', of the openings by rule (1) or (2X aoi 



Kis.r 


the center of gravity. Qt of the entire figure, as though it liad no openiBgft 
Then O is in the line extended, and 

gQ ^ ggf X voIumes ot Openings 

^ volume of entire body — volumes of opening^ 

^ ^ ^ volume of entire body 

volume of entire body — volumes of opening 

Remark. For convonienee, we have shown the several centers of 
|r, g/ G, iipon the surfare of the figure. In the real solid (supposed to be ol 
iiriifonu tnicknoHs) tnoy would of course be m the middie of its thicknesa 
and immediately under the positions shown in the figura 

(5) , In any line, figura nr body, or in any system of 1 ines, fi gures or bodies, any 
plane passing through the center of gravity is called a plane of gravity" 
mr 8ai<i line, ote., or system of lines, etc. The inters<‘( tion oi two such planes 
of gravity is called a '“line of gravity.” The center of gravity is (1st) the 
intcrsectiou of two lines of gravity; (2nd) tlie intersection of three planes 
of eravity, or (.Ird) the intersection of a plane of gravity with a line of gravity 
not lying in said plane. 

If a figure or body has an axis or plane of symmetry (i. e., a 'ine or plane 
dividi.ig It into two ecpial and similar portions) saul axis or plane is a line or 
plane of gravity. If a figure or bo<ly has a central point, said point is the 
centt'rof gravitv. 

In Fig. 1, the string represents a lino of gravity; and any plane with 
whi« h tlie string eoineides is a plane of gravity. Thus © may ofhm bo con- 
veniently found, <‘«|V‘eially in the case of a fiat body, by allowing it to hang 
freely troin a string attached alternately at diircreht comers of it, orhybaP 
aneing it in two or more positions over a knife-edge, etc., and finding O in 
either case by the intersection of the lines or planes of gravity thus found. 

(6) . The graphic method of finding the resultant of (larallel forces 
may often be advantageou’-ly used for finding the emitei of gravity of a oom- 
poimu liody or figure, or of a system of bodies or figures, when the ceuteisof 
giavity of the several piirl.s are known. 

Tine-, in Fig. 8, let a, 6 and e represent three figures or bodies vrhose centers 
ot gravity are in one jilane. Draw vertical lines through said centers, and 
(•onstruct the polygon of forces, rn 6c, Fig. 9. making the lines xa, a6, etc., 
proportional to the weights of o, 6 and e; and troni any convenient point 0 
draw radial lines Otf", Oa, etc. In Fig.8, draw «» 6, win, n;), and pfc, parallel 
respectively to Ox, On, 06, Oc. Then avertical line, iG, drawn through the 
intersection, i, of m h and p ft, is a lino of gravity of tlie system or fi wre. If 
the body or figiiro is gjtvunctrical^ as in tne cross section of a T rail, I oeam or 
deck beam, etc., the axis of symmetry, diviciing the figure, etc. into two simi- 
lar and emial parts, is also a lino of gravity, and its intersection with the line 
tG already found is the required center of gravity O. In such casos it ii 
generally most convenient to draw the linos through the several centers of 
gravity perpendicular to the axis of symmetrj', so that tho line of gravity 
found will filso ho perpendicular to it. 

But if. as in Fig. 8, the tiody or figure, ete., is not s 3 mimotrical, we must find 
a soeona lino of gravity, the inierscction of which with the first will give the 
eimter of gravity, G. To do this, repeat the process, drawing another set of 
parallel lines through tho several emtens of gravity, Fig. 8. It will be most 
1 ‘onvenient to draw them horizontally, or at right angles to those already drawiii 
and in tho following instructions we suppose this to bo done. 
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The fl-mwiiiK of the si'ooiid fnnioular polygon is ofh'n less simple than that 
of the flr<'t,l-€c*au.so in tli 0 se<>(.n<i thoparallenines throoph the several renters 
of gnuity do notneee“S!irily follow ea<'h othermthc same order as in (lie first 
Bear in mind that the two hues (as n’p\n' m') meeting in the parallel line 
(ashtj') pertaminp to anv given jioit, h, of the hKure,rniist he perpondieular 
respeetively to those radial lines (u«, 0 6) whieli meet tho ends of the line, 
o^thut represents tlirt same part. 

Figs. JO and 11 show the applieution of the same process to an irregular fig- 
ure comjiosoa of three rectangles, o, 6 and c. The lettering is tlio same as lu 
Figs. 8 and 9; hut in Fig. 10 it happens that IT and j/ of tlie second funicular 
imlygon fail upon the same point 



11 the Center-, of gravity of the several bodies, or o( the hevi ial parts of the 
oody, etc , are in more than one plane, ve must find their projections upon 
certain planes, and apply the process to those projections. 
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Special Rules. 

<32. Special Rules, derived from the general rulea, (1) to (§). 


Linen. 

(T). Straifflit line. G is In the line, and at the middle of its leogttL 
(8). Circular arc,* a o b Figs. 1*2 and 13 (eenter of circle at c). G la in th* 
.III' CO joining tlio center of the circle with the middle of the arc, ana 


c G radius a e X 


chord ab ^ 
length ot arc ao6 


o 



Fit;. IS SUiT-ld 


(8a). If the arc is a semi-elrole,* 

cG — radiusficX — radius a e X 

ir 


(86). Approximate rules for distance «G, Fig. 12, from chord to center ol 
gravity. 


If rite « 0 V .01 chord a b; « G ^ .0(>6 s • 

** *■ “ =3 .10 “ ; “ =3 .Otyi • 0 

«««•-. .15 « “ ; “ *=. .6e3.-io 

- • “«.20 « “/ “ =.660«o 

• “ =3 .25 “ “ ; « — ,«57 • o 


If rise s 0 .39 chord a b: 

• O— .653 S0 

tt 

•• « « .35 “ 

“ 

*• —.640 1 0 

« 

“ —.40 “ 

*« 

- —.64510 

*t 

“ « — .46 « 

« 

>* —.64113 

« 

“ « —.60 « 


; •« — .637a« 


(•). Triangle, a be, Fig. 14. The center of 
gravity, G, of its three sides* is the center of the 
circle inscribed by a triangle, d a/, whose corners 
are in the centers of tiie sides of the given triangle. 

(10) . Parallelogram (square, rectangle, 
rhombus or rhomboid). The center of gravity 
of the four sides* is at tlie intersection of the 
iiagonals. 

(11) . Circle, clllpee, or regular poljgon. 

Tiio center of gravity of the outline or circumfer* 
ence* is the center of the figure. 

(12) . Regular prism, right or oblique, and right regular prramt^ 
or frustum. The center of gravity of the edges* is the center of the axi* 
In the prtS7n, the position of Q is not affected by either including or excluding 
I lie sides of both of the polygons forming the ends 

; r^a). < > cloid." {See p. 194. 



Nurfaccfi. 

A. Plane surfiaoes. 

We now treat of tlie centers of gravity of plane ivrfaees^ which be 
roganled av infinitely thin flat lH>dieM. The rules for surfaces may be used 
also for actual fiat bodies, in winch, however, the center of gravity is in the 
middle of tlic thickness, immediately under the pointe found by the rules. 

(13) Parallelogram (square, reetangle, rhombus or rhomboid), cirolOi 
ellipse or regular polygon. G is the center of the figure; or the intei 
section of any two diameters, < -r the middle of any diameter. In a Paralldo* 
gram, G is the iuUTsection of the two diagonals. 

(14) . Triangle, Fig. 15. G is at the intersection of lines (as a a and ed 
drawn from any two angles, a and c, to the centers, e and d, of the sides, 


•We are now treating of lines only; not of the surfaces bounded by then 
For surfaces, see rules (tii), otc^ otO* 
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and ob, reapectively opposite to said angles. Such lines are called “ medial lines.” 
eG H a e; dG cd; /G = M 6/ (/ ^ing the middle of a c). 




(14a). Pig. 15. Or, on eitner one of the sides (as a b), meeting at any angle, a, 
make a o = H oh. Draw o p parallel to the other side, a c. Then o G — o p, 
and G is at the intersection of o p with any mc^dial line, as a e, etc. 

(14b). Pig. 16. If aa', bb', cc' and GG' are the distances of the three cor- 
ners and of G from any straight line or plane aV; then 
G G' = ^ (a a' -f b b' -f c c'). 

This gives us the position of the line of gravity G G". In the same way we 
find the distance G G" of G from any second line or plane, b" r" This gives 
118 the position of a second line of gravity G G'. G is at the intersection of 
G G' and G G*. 

(14cl. Fig. 17. The distance O n of G in any direction from any side, as a c 
(extended if necessary) is = ^ the distance tj' b measured in a parallel direc- 
tion from the same side to the opposite angle, b. 



It follows from this that the shortest distance, G o, of G from any side (as 
a c) is * H the shortest distance, o' b, from the same side to its opposite angle b. 
It follows also that p G — H P b, as in Rule (14) 

(15). Trapesiam or t rapeaotd, Fig. 18. For trapezoids, see also Rule 
(16). Draw the two diagonals, a c and b d. Divide either of them, as o r, into 
two equal parts, a m and c m. From b, on b d, lay off bn ads (or from d lay off 
dn b a). Join m n. G is in m n, and 

m G ^ m n. 

(G is the center of gravity of the triangle a c n). 



d 



(15a). Or, Fig. 19. find first the centers of gravity, m and n, of the two tri* 
anues, c b d and o b d, into which the trapezium is divided by one of its diago- 
nal^ b d. Join m n Then find the centers of gravity, o and p, of the two 
triangles, dac and bac, into which the trapezium is divided by its other diago- 
nid, a c. Join o p. Then G is the intersection of m n and o p. 



CENTER OF GRAVITY 


(16). Trapezoid only. Fig 20. O is in the line e / Joining the oenterB, 
c and /. of the two parallel sidcB, a 6 and c d. To find it« position in said line, 
prolong either parallel side, as a b, in either direction, say toward i; and make 
0 i equal to the opposite side, c d. Then prolong said opposite side, c d, in the 
opposite direction, making dh = ab. Join h i. Then G is the intersection of 
h I and e f. Or 


/G = 


A 


2 o b + c d 
^ ab + cd“ ’ 


or oi.il 


- y 2 aft + cd 
J (t b c d 


i bra 
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(17). Rrfpnlar polygon. G is the center of the figure. 

(17a). Irrefii^nlar polygon. If the polygon be divided into any two por* 
tions, as by any diagonal, G must be in the line (of gravity) joining the centers 
of gravity of those two portions. If we ^ain divide the whole polygon into 
two other parts by another diagonal, and join the centers of gravity of those 
two parts, G is the intersection of the two lines of gravity. 

(17b). Or we may divide the polygon into triangles, find the center of 
gravity of each triangle, by Rules (14), etc., and then find G by general Rule 
(1), (2) or (6). 



(16). Circular sector, aobe, 21 
cG 


2 ,. chord a b 

radius a c X r 

3 are a 0 b 


(Center of circle ai 
radius* X chord 


3 X ares 
For length of arc, see pp 179, etc. 
(16o). If the sector is a sextant, 

2 


c G = radius X- 


» radius X 0 6366. 


(ISb). If the sector is a quadrant. Fig. 22, 

c G « “ radius X — * radius X 0.6002. 

3 ir 

4 1 

c a: ==> a: G = radius X . 


(t6c). If the sector is a seml>clrcle, 

c O » 4" radius X •= radius X 0.4244. 

O T 

14 

■I (approximately) radius X • 



394^ FORCE IN RIGID BODIES. 

(19)* CIrciilar aobs^ Fig. 23. (Center of oimte at c>. 

^ cube of c‘hord o b 
^ "" 12 X area of segment 


(19a). If the segment is a seml-eirolcy 
4 1 

cG — ~ radius X — radius X 0.4244 

3 tr 

14 

(approximately) radius X • 



t’ 





190). Ojaold, Fig. 24. (Vertex at v). 

7 ^ 

vG 


(91), Parabolay a 5 c, Fig. 25. a e 
is the base; ax and c.t, ordinates; 
and the height or axis, an ab- 
scissa. Center of gravity at G, i n the 
axis X b, and 

2 . 

®G — “ *6. 
o 

(91 a). Semi- parabola, abx or 
tbw. Center of gravity at and 


b 



xG 



3 3 

GG — — ax “ 8 


fillipacf mnojx Fig. 20. 
is at the center of the ngure. 


The center of gravity, c, of the wbolo 


n 



ccr- 


G is the center of gravity of the quarter ellipse, one, 
CP “ a M M half nop. 

CP' *♦•••« w « M M vtno. 

4 1 14 

-OCX 0.4244 oc — (approximately) oc. 

8 ff ** 

GO *• cn X “ — 0.4244cn— (approxima^ply) 
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(93)* Any plmne Agmn, Draw the figure to scale on stout card-board. 
(5ut It out and balaace it in two or more positions over the edge of a table ot 
m a knito-edgo; and mark on it tho several positions of the supporting edge 
Whore these intersect is the center of gravity. Considerable care is of course 
necessary to obtain very close results by this method. Before balancing the 
card, its upper edges should bo marked off into small equal spaces. Otherwise 
it will be difficult to locate the positions of the supporting edge. The papti' 
on wliich the figure is prepared must of course be so stiff that the figure will 
not bend when balanced on the knife-edge. See Rule (6). 


B. Surfaces of Sfolids.* 

(JI4). Curved surface • of apbere or spheroid (elllpsoUl). O is the center 

d the figure. 

(25). ('Curved surface* of any spherical zone^ as a spherical segmsfii^ 
hemisphere, etc., Figs. 27. G is the center of tlie axis or height, a o.f 
In the hemisphere, o O ^ radius.f 



o o 

, Kig. yT 


(26). Right or oblique prism, whose ends are either reeuiar figures 
or parallelograms (this includes the cube and other paralleloplpsds)) and 
right or oblique cf Under (ciiciilar or elliptic). Surface* (either including 
both or excluding both of the two parallel ends). G is the center of the axis, 
or line joining the centers of the two parallel ends. 

(2T). Curved surface*! of right cone, Fig. 28 (circular or elliptic), or slanting 
surfaces*! right regular pjrramld, Fig. 29. G is in the axis o a (the line 
joining the apex and the center of the base); and 
oG --3^ on. 

In an oblique - one or pyramid, tho perpendicular distance of G* from the 
base is cme-third of the perpendicular height, as in the right cone and pyramid; 
ImU does uo( he in the on's. 



(28). FrustUiiiM with top and biwe parallel. Figs 
face*! of fiiistiiiii *)f light com* (circular or elliptic); 
rrustum of light n-gnlai pyuimid G is in the axis 
centers of the iwu parallel ends); and 


80 and 31. Curved sur- 
er slanting surfaces*! of 
o a (the line joining th« 


0 G -- 1 0 a X Q + 2 circum ferenc^o^ 

3 circumference of o + circumference of o. 

•We treat now of tho turfaces of solids, not of their contents or ToIumMm 
weights. For these, see Rules (29), etc. or Tommes cf 

♦ If the top or base is to be included, see Rules (1) aod (2), 
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In the conic firostum, Fij;. 80, we may use the radii of the two ends; and 
in the Druatum of a regular pyramid. Fig. 31, any side of each end (a» 
&c and de) instead of the circumferences. 



Solids. 

In the following rules for center of gravity of solids, the solid is supposed 
to be homogenemis; i. e., of uniform density throughout; so that the center of 
gravity is tne center of magnitude or of volume. 

(ae). Sphere and spheroid (ellipsoid). G is the center of the body, 

(30). Hemisphere, Fig. 32. (Center of sphere at c). Height c T — radius 
c b. G is in the axi.s, c T, and 

cG cT radius rb. 


(81j. Spherical sector. Fig. 3.3, (Center of sphere at r). - 
eG — Y (radius rb 5-). 



3 (2 radius cb of s phere — » heigh t h)^ 

T ^ 3 radius c 6 of sphere — height h 


_ heightjj^ 2 (radius mb o f base)^ + (heig ht, A)* 
® “ 2 ^ :r(radius »» b of bare)* + (height, b)> 

_ height, A 4 X radius eh of sphere — hei ght, h _ 
"" 4 ^ 3 X radius c b of sphere — height, h 



Kig. 3(5 


(3^ Spherical zone. Fig. 35. 

- « ot ^ , 2 (rad ius 0 b of base)* + 4 (ra dius ( c of top )* + (height 0 i f ^ 
“ — X 3 (radius ob of base)* F 3 (radius fc of top)* + (height o«j* 

(34). Prtam, regular or irregular, right or oblique (including the cube 
and other parallelopipeds), and cylinder, circular or elliptic, etc., regular 
or irregular, right or oblique. O is the center of the axis joining the centerf 
(rf gravity of the two ends. 
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(34 a). A flat body, such as an iron plate, etc, may be treated as a very 
short cylinder or prism. See (34) 

(36). Ungula of a cylinder, circular, or elliptic (provided one of the azet 
of the ellipse coincides with the oblique cutting plane): right or oWqaa 
Figs. 36 and 37. 





Fl*. 3Q 


KiK.ar 


J<et 0 T be the axis (joining the centers of gravity of the ends), and X II • 
line drawn parallel to the axis, in the plane, ABC D, passing through the 
axis and through the uppermost and lowermost points C and D of the (mliqoe 
rotting plane. Then the position of G in the plane A B C D, is found tbua: 


OX 


21 V _ 

4 ^ 2h + a * 


XG -l( 2 h + a-fi 

2 4 V * 2 h+a/ 

(35 a). Figs 38 and 39. If the oblioue plane C D meeU the base, A B, at A, at 
that fc— 0 , while C D remains a complete ellipse or circle, this becomes 



38 £1^, 30 


OX 


OB 


xo 


XN 

z 




(80). Cone, Figs. 40 and 41, circular, 
elliptic, etc., right or oblique; or pyra» 
mid, regular or irreguUr, right or 
oblique. Tho center of gravity G is in 
the axis 0 T, drawn from the apex, or 
top, T, to the center of gravity O of the 
taise; and 

06 


T 



tPilC- ^rO 



Kig.4d. 


(37). Frustum of a cone. Figs. 42 and 43, circular or elliptic, right 
;^lique ; or of a prramid, regular or irregular, right or oblique ; provided tha 
ends A B and C D are paralbd. 


Call the area of the large end A, and that of the small end a ; and let k be 
the height O Z of the frustum, measured aUmg iu eueia. Then 


15 
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O is in the axH O Z, whicn joins the centers of Rravity O and Z of the 
ends; and its distance from the base, A B, measured along the axis, is 

h_^A+2V^ra+3a 

* A'+ • 


(37 aV In a frustum of a circular cone, right or oblique, with parallel 
ends, inis becomes 

OO « ± X R* + 2 R r 4- 3 r« 

i R* + Rr + r* 

where R and r are the radii of the large and small ends of the fnistu« 
respectively. 

(38). Figs. 44 and 4.'). Frustum, A BCD, of a cone, circular, fllijitic 
etc,, right or oblique; orof a pyramid, regular or irregular, right or oblique; 
whether the ends are parallel or not. By rule {3r>) find the center of gravity • 
N of the entire pyramid (or cone, as the case be) A B T, of which the . 
frustum forms the lower part; and the center of gravity S of the smaller 
pyramkl or cone D C T entire pyramid or cone, minus the frustum). Also 
and the volume of each : thus, 


T 




Tolmn* of pyrwnid or com - X p.Tpendietritt ^ 

nd 

Volume of volume of volume «f 

the frustum — entire pyramid — smaller 
ABCD or cone, A BT one,DCT 


Then the center of gravity G of the frustum A B 0 D is in the extenatoB if 
IkelineSN; and . , .. 

volume of smaller pyramid or cone , PCT 
N G «i« 8 K X volume of frustum, A B 0 D 


(38). Parabalold* G ii la tiie axis, and at one^ird of its length ftm 
the base 
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LINE OF PRESSURE. 

CENTER OF FORCE OR OF PRESSURE. 

Position of Resultant. 

133. In HIT 133 to 154 we discuss the position of the resultant, or line ol 
pressure, of a system of parallel forces acting against a surface. For the 
changes in that position within a structure, due to the action of non-parallel 
iorces, see Arches, Dams, etc., ^1 251, etc. 

134. In a system of parallel forces, acting against a surface, the line oi 
pressure, or pressure line, is the position of the resultant of the forces; and 
the center of force or center of pre.s8ure is the point where the pressure line 
meets that surface against which the forces act. 

135. If the lengths of the lines which represent the forces be taken as rep- 
resenting weights, to scale, the:, the pocition of the pressure line is the line of 
gravity (see (5), *[[ 131) corresponding to those weights. 

136. Thus, in Fig. 55 (a), 1 117, if the three forces, o, h and c, be taken 
as weights, represented to scale by the arrows, a, b and c, respectively, then 
the resultant R of the three forces occupies the position of the line of gravity 
of the three weights. 

137. Again, in a mass of sand. Fig 61,* with an irregular surface, we may 
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•uppose the mass to consist of innumerable vertical columns of sand, of 
dinerent heights, and exerting pressures proportional to those heights. Here, 
also, the pressure line is the vertical line of gravitv of the mas.s, and the cen- 
ter of pressure against the base of the containing box is the point where said 
pressure line meets that base. 

138. Although we are usually concerned with forces acting against sur- 
facen, .so that the lines representing the forces form a solid and not merely a 
surface, yet, in a majority of the cases which occur in civil engineering, we 
may, for convenience, regard the forces as concentrated in a single {uane. 
and therefore as acting against a mere line. 

139. Thus, in the case of an arch, pressing against its skewback, the pres- 
sure is ordinarily distributed over all or a considerable part of the bearing 
surface of the skewback; but we may, for convenience, regard it as concen- 
trated in a single plane, midway between, and parallel to, the two faces of 
the arch. 

14C#. Similarly, in the ca.se of the water pressure against the back of a dam 
(or against a small strip of the back, extending from the water surface to the 
bottom, or to any other depth), the water, of course, presses up^m the entire 
surface of such .strip; but we may, for convenience, rerard the pressure as 
concentrated in a vertical plane normal to the back of the dam and meeting 
it in the vertical axis of the assumed strip. 

141. We have just seen (II 138 to 140) that, when a system of parallel 
pressures acts against a surface, they may often be assumed t( act, in oue 
plane, against a single lino — viz., the intersection of that plane with the sur- 
face. It also frequently happens that such forces are so distributed along 
that line that the lines representing the forces are either of equal length or 
lengths increasing uniformly from one end of the line to the other. 


♦Following Fig. 60, of Parallel Forces, f 124. Fira. 1 tc 45, illustrating 
Center of Gravity, are numbered independently of the rest of the series cd 
hgures relating to Statics. . 
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143. Thus, in the case of water resting upon a horizontal surface, Fig. 62, 
the pressure is uniformly distributed, and the diagram, Fig. (b), representing 
the pressures, is a rectangle bounded by a horizontal line, and it.s center of 
gravity, G, is at the center of the figure. Hence, the center of pressure, c, ig 
at the center of the line a b, or 1. 

Here the unit pressure, p, is uniform, and R = p f. 



FIgr. 62. 



143. But when the water pres.ses horizontally against a vertical or in- 
clined surface, a b. Fig. 63. the unit pressure increases uniformly from zero, 
at the water surface, 6, to a max at the bottom, a ; and the hor pre.ssure.s 
are represented, in Fig (6), by the ordinate.s of the triangle 6' o' d Since 
the resultant passes through the center of gravity, G, of the triangle, the 
center of pressure, c, is at such a depth that c o == i a 6, and c' a' — \ k. 
See Rule (14 c) under Center of Gravity. 

Here the mean horizontal unit pressure, p. is half the maximum horizontal 
pressure at a, and the total horizontal pressure is => p A. 



144. Again, if we consider onlv the water pressures against a certain porf, 
a b. Fig. 64, of the depth of the back of a dam. the diagram. Fig. (6), repre- 
senting the horizontal unit pressures, becomes a trapezoid, compoi^ of a 
parallelogram b' /, and a triangle 6' o' d, with their centers of gravi^ at g 
and g* respectively; and the center of pre.ssure, c, on a 6, is opposite their 
common center of gravity (center of gravity of traiiezoid), G. If h be the 
vertical depth of the portion con.sidered, then 


a' c' 


h 2bf e ^ a’ f 
3 ^ b’t 1-0'/ ‘ 


See Rule (16) under Center of Gravity.* See also Center of Pressure, 
under Hydrostatics. 


Distribution of Pressure. 

146. Conversely, if two surfaces, as those of a masonry joint, are in such 
contact that the pressure is, or may be regarded as, regularly distributed, 
and if the piosition of the resultant is known, the rectilinear figure, represent- 
ing the distribution of pressure, may be drawn by means of the principles 
just stated. 
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146. In Figs. 65 to 68 inclusive, let 

0 ** the center of the joint a b between the two surfaces; 

R = the total pressure = resultant of all the pressures; 

c *= point of application of resultant, R ; 

1 ^ ah the length of the joint ; 

X ^ o c — the distance of the center of prevssure from the center of the 
joint; 

y a: = ac=* distance of center of pressure from nearest end of 

joint; 

p •=■ the mean unit pressure = 1 

7 >m = the maximum unit pressure; 
pb — the minimum unit pressure. 

147 to l.')4 apply equally whether the surface Is horizontal, vertical oj 
inclined, and whethei the forces are normal or inclined to it. 

147. If or is not greater than or, in any case, if the joint is capable ol 
sustaining tension, as well as compression, we have : 

Maximum unit pressure p (I 

Minimum unit pressure — pt, - p (1 — 

If a- exceeds and if the joint is incapable of resisting tension, see ^ ^ 
151, 152, 154. 



148. Demonstration. In Fig. 66, where the parallelogram a* d repre- 
sents the total pressure R as it would be if uniformly di.stributed along we 
see that the moment of R, about o, which changes the parallelogram o' d into 
the trapezoid a* V n in, is equivalent to a couple (see tuples, f 155, etc) 
composed of two forces — viz., a pre.ssure, / (not shown) distributed over o a 
and represented by the shaded triangle on the left, and a tension, or 
diminution of pressure, distributed over o h and represented by the triangle 
on the right. The forces, / and — /, act through the centers of gravity of 
these two triangles respectively; and the distance of each of these centers 
of grt^ity^from the center, o, of the joint, measured parallel to the joint, 

^ g" . 2 • Hence the distance between the two centers of gravity, meaa> 
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ured parallel to the joint, is — ^ . Let x be the eccentricity, c o, of R, 

measured alonp: the joint, and let Ar and Ac (not shown) be the lever arms 
of R and of the couple, respectively, about the center, o, of the joint. 
Then, since R is tiarallcl to / and — /. An to Ac, and x to /, we have: 

Att : Ac - X 

2 1 

If R is normal to the joint, we have: Ar — ar; and Ac ... 



Now 

Hence, 


/ - 


moment of R R Ar 


arm of couple 


Ac 


, _ R .T 
^ ■ 2 /■ 
"3 ' 


The mean additional pressure on o a (or mean tension on o b) i.s 
and the corresponding maximum additional pressure is 

f 4 , A lix dx 


Now p, =■ P 1- /m = P ^ P ^ ‘ 


P (I t 


! 

hi 


, , ^ 
and ph P -- fm P —■ P i = p (1 ^ 

149. If, as in Fig. 65, the center of pressure, c, is at the cerder, o. of the 

surface, we have x o c = zero, and the pr<*ssurc, R, is umfoimly distrib- 
uted over the surface. ^ 

150. “ The Middle Third.” If, as in Fig 67, x = ^ — i c , if the re- 
sultant, R. of all the forces, meets the surface at the edge of the middle third 
of that surface, then p, =■ 2 p; and Pb ===- 0 kSee Hlf 143 and 148. 

161. When, as in Fig. 68 (a), x exceeds ^ i e , when the center of pres- 
sure, c, falls beyoml the middle third of the surface of pressure, a portion, 
5 b, of the surface, is in tension, the maximum tension. 7 >»„ 1' ig. 68 (o), 

t)eing =» p (1 “^) above; maximum pres.suro - p (1 1- "^")i and total 
pressure on a « 2 ” * — R pfus the tension in a b; but if, as usually' 
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happens In masonry, the surfaces are incapable of resisting tension, the to»%^ 
pressure, R, is simply concentrated upon a portion a v. Fig. 68 (a), of the sur 
face, a v being =• 3 y. 

pu R R , 

Then, mean unit pressure on a t» «* - ■■ 5 '5 

^ a w 3 y 


Pa 


“3y 


2 


Vl 

3y* 



^2. Hence, in a joint incapable of sustaining tension. Fig. 68 (c), if pk "■ 

2 — 18 the maximum permissible unit stress, the distance a c, from the cen* 
o y 

ter of pressure, c, to the nearest end of the joint, must not be less than y •• 

2 R 

3p»* 

153. It the joint can resist tension. Fig. 68 (b\ we substitute, in the equa- 
tion, A — p (I + the value of z — — y, and, solving fctf y, we have 


y 


2 

3 ‘ 6p' 


154. The influence diagrams. Fig. 69 (see 339, etc., and Tnissea, 
79, etc.), show the changes in the maximum and minimum unit pres- 
sures, Pk and Pb* as the center of pressure, c, recedes from the center, o, ol 
the joint. The diagrams are constructed for a mean unit pressure, p, of 1. 
If the surfaces of the joint are capable of sustaining tension, every part ol 
*00 joint always sustains either pressure or tension; and (see dottea lim, 

30 
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Fig. 69) the maximum unit pressure, p* 


p (1 4 see H 146, increasei 


proportionally with x; liecorning = 4p ■= ^ when c reaches the end, a, 

the joint, and when . The max tension, p^, is then = 2 p — ^ 

But if the surfaces are incapable of sustaining tension (see solid lines. Fig. 

69), the increase of p, is proportional to x only so long as x < ^ t. e., so 

o 


long as the resultant of all the pres.sures falls within the middle third of the 
base a b. ^ When that limit is exceeded, the maximum unit pressure, p„ 
begins to increase rnore rapidly than does the distance, r, of c, from the 
center, o, of the joint, the diagram becoming a rectangular hyperbola; so 
that, if the resultant could be actually applied at the very edge of the 
joint, the unit pressure there would become infinite. 



center of joint to center of preeaure 




i? 


Flir. 69. 


coupi.es. 

155. Couples. Two equal parallel forces, p and q, or p' and q\ Fig. 70, ♦ 
of opposite sense, are called a couple. A couple has no tendency to move 
the r^y t as a whole in any straight line. In other words, the two forces, 
forming a couple, can have no re.sultant. Their only tendency is to make the 
body revolve about its center of gravity, G, and in the plane of the couple 
— X. e., the plane in which the two forces he. A body with a fixed axis can 
revolve only in a plane normal to that axis. The actual plane of rotation of 
a free bcsly depends upon the distribution of maSvS in the body, and is not 
necessarily the plane of the couple. 


* Figs. 70 to 7.') are .supposed to be seen in perspective, and the forces art 
•upposed to act in the planes shown, 
t See foot-note (*), H 1. 
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1.76. Tho moment of a couple is equal to the product of one of the 
two forccK, p or g, into the perpendicular distance, d, between the two forces. 
Or, in our ugurcs, 

moment of couple = p . d = q . d. 

157. Graphic Represen^tion of Couples. A couple, M or N, Fig. 
70, is indicated, in amount, in direction and in sense, by a line, L or L'. 
normal to the plane of the couple, so placed that, rooking along it toward 
that plane, the couple appears positive or right-handed, and of such length 
as to represent, by scale, the moment of the couple. In Fig. 70, the two 
couples M and N are of opposite sense. Hence the lines L and I/, repre« 
seating them, project in opposite directions from their respective planes. 



Fi|p. 70. 
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158. Composition of Couples. If the lines. L and L', Fig. 71, _ repre- 
sent two couples, in accord.ance with TI 157, then the line R, completing the 
triangle, will, m the .same way. reprc.sent their resultant or anti-resultant. 
As drawn, with its arrow follcmdng those of the other two sides, it represents 
their anii-resultant. For their resultant, the arrow on R, and that indicating 
the ilirection of rotation, must be reversed. 

159. Equality of Couples. Two couples, M and N, in the same plane. 
Fig. 72 or Fig. 71, or in parallel planes, Fig. 70, are equal if their moments 
are equal, whether or not the forces of one of the couples be equal or parallel 
to those of the other. In Fig. 7.1, the two couples, M and N, are of like sense; 
in Figs, 70 and 72, of opposite sense. 



100. Since a couple ha.s no resultant 1,55), it can have no anti-resultant; 
t. e., no single force can balance a couple and thus preserve equilibrium. 
(But see 168.) To do tliis requires au equal and opposite cou^e. Thus, 
in Fig. 72 the couple M is balanced by the equal and opposite coufile N. If, 
as in Fig. 72, the two couples are in the .same plane, and if we find first the 
re.sultant of either pair of non-parallel forpe.s, as p and p', and then those of 
the other pair, q and (f, we shall find these resultant.^ equal and opposite, 
maintaining equilibrium. 

161. Any couple, as M, Fig. 73, may be replaced by any other 
equal couple, N, in the same plane or in a parallel plane, and of like sense. 

162. If, to a force, P, Fig. 74 (a), we add a couple, M, Fig. 74 (6), in 
the same plane with the force, we may replace the couple, M, by an equal 
and like couple, N, Fig. (cj, composed of the forces, — P and P', each •« P, 
placing — P opposite P, as shown. Then P and — P counteract each other, and 
ve have left only P', equal and parallel to P; and, since Pd — M, we have 
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ti . In other words, the effect of the adtlition of the couple, M, Fig. (&), 
P . 

to the force, P, is simply to shift the line of action of P, parallel with itself, 
through the distance, d. If the couple M is left-handed, as in the figure, P 
will be shifted to the right (looking m its own direction), and vice versa. 

163. Conversely, the force, P', P'ig. (c), is equivalent to the combination 
of force P and couple .\f. Fig. (6). 



164. .Vgain, having only the force P', Fig. (c). if we apply, at a distance, 
rf, from P', the two opposite forces, P and — P, each equal and parallel to 1*', 
we shall thus substitute, for P', the ciiual and parallel force, P, and a couple 
« Pd = M. 

165. lienee, also, the combiiution of the force P anil the coufilc M, Fig 
(6), IS equivalent to the combin.iiion of the force P and the couple Fig. 
(c). 

166. If the moment of the couple, M, Fig. (6), or N, Fig. (r), be equal and 
oppo.site to the moment of the force P about the center of gravity, (i. of a 

body, we have d - p = distance from PtoG. In other words, the effect <,1 

such a couple i' to shift the force, P, parallel with itself, to a line pa-'si ig 
through the center of 'gravity, G. 

167. Hence, the effect of a force, P, Fig. (a), apiilied to a body at a dis- ■ 
tance, d, from its center of gravity, G, is equivalent to the combined effect of 
an equal and parallel force, P', Fig. (c), applied at the center of gravity, and 
a couple (as M, Fig b) = Pd, and of like sense, apjilied to any part of the 
body in a plane parallel to F and 

168. It will be seen that, although (t 160) no smgle force can balance a 
couple and establish equilibrium, yet, if a force, P, be so applied that itJ* 
moment, Pd, about the center of gravity, G, of the body, is equal and oppo- 
site to the moment of the couple, it will counteract the tendency to rotation, 
due to the couple, and substitute for it a motion of translation only. 



Flic. 75. 


169. Thus, in Fig. 75, where the force, p, acts through the center of 
gravity, G, of the body, let a force, —q, equal and opposite to a, be applied 
in the same line with it. Then rotation will be prevented, and the body will 
move ♦ under the action of p ( =* the resultant of the three forces), which acts 
through the center of gravity, G, of the body. The rotation will similarly 
be prevented if a force tesa than q be applied farther from G than g is ; or if a 
force greater than g be applied nearer G than g is; provided always that the 
moment of said third force, about G, be equal and opjxisite to that of the 
couple p g. But in the first case the resultant of the three forces (being always 
equal to the third force) will be less, and in the second case greater, than p. 

170. If, to a couple, be added a third force, colinear with one of the forces 
of the couple, we have the case of two unequal parallel forces of opposite 
lense. See If 112, under Parallel Forces. 


• See foot-note (♦> 1. 
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170 B. Moments of Conples. The two equal and parallel 
forces, P and P' , Fig A, in opposite directions, form a clockwise couple 
PIj - P'L, where L = the distanoe lietween the lines of action of the 
forces. Taking the moments of the forces about any point, as A, B, C or D, 
and considering clockwise moments as pu/otive, we have 

Pm — P'n - P (m — n) ^P's — Pr = P (s — r) 

Pt + P'u - 7" (/ + u) - P X 0 + P'L = PL = P'L. 


In other words, while the moments. Pm, Pr, etc, of the forces are differerd 
for different points. A, B, etc, the moment, PL = P^L, of the couple is the 
same for all points. 



Thus, suppose the beam. Fig B, to be divided by a vertical section at 4. 
The right accent is acted upon, at Section 4, by a downward force — load 
— left reaction = 20 — 10 «= 10, and, at 6. by an upward force = right 
reaction = 10. These forces form a left-hand couple, with moment = 2 X 
10 » 20. The left segment is acted upon, at 0, by the left reaction = 10; 
at 3, by the load = 20; and, at Section 4, by the right reaction = 10. 
('ombimng the two reactions, we find their resultant. ■» 10 + 10 ■=* 20, 
at 2 (midway betw 0 and 4), forming, with the load, 20, a right-hand 
couple, with moment - 1 X 20 = 20. 

At Section 5. by a similar process, we find couples with moments = 10, 
and, at SecUon 3, couples with moments = 30. Thus, altho the moment 
of a couple is the same, about whatever point moments be taken, yet, in a 
beam, under a given set of forces arrangra in a given manner, the moment 
varies from point to point; because, in that case, the couples are different. 

As the tendency to rotation, at any section, is thus seen to be caused by 
two equal and opposite couples, acting upon the two segments respectively; 
so the tendency to rotation is resisted by two equal and opposite couples, 
due to the internal stresses of the material, and acting, in the section, upon 
the two segments respectively 
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171. When one rough body rests upon another, the projections and de- 
pressions, forming the roughnesses of their surfaces of contact, interlock 
to a greater or less extent ; and, in order to slide one over the other, we must 
expend a portion of the sliding force, either in M-parating the bodies (as by lift- 
ing the upper one) suiKciently to clear the projections, or m breaking off some 
of the projections and clearing the others. 

172. Even the most highly polished flat surface, as x y. Fig. 76, is not (as it 
appears to the eye) a plane, but is, in fact, a more or less jagged surface, as 
would appear under a sufficiently powerful microscope; so that the force, a b, 
instead of forming the apparent angle, a b x, with one smooth surface, xy, of 
application, really becomes a .senes of parallel forces, as c, d and e, which form 
other angles with a number of surfaces, tn m, n n, etc., of application, inclined 
(often in different directions) to the general surface, xy, as shown. Among 
the.se surfaces may be some, as m m, at right angles to the applied force; and, 
the force c will be imparted to them in its original direction, although applied 
obliquely to the apparent surface, x y In the case of the two forces, d and e, 
applied to the surfaces, n n and < a, if the sliding tendencies along the two 
surfaces are equal and act in oppoaiiion to each otner, the combined resistance 
of the two surfaces, n n and a a, is directly opposite to the forces, as would be 
that of a single .surface at right angles to those forces. 
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173. It is of course entirely out of the que.stion to ascertain the exact 
re.sistaiice of each such microscopic projection in any given case. Instead of 
this, we find by experiment the combined resistance which all of the projec- 
tions, in a given case, offer to the sliding force, and give to this resistance the 
name of friction. 

174. Friction always temls to prevent relative motion of the two bodies 
between which it acta; i e , motion of one of the bodies relatively to the other. 
In doing .so, however, it tends equally to cause relative motion t between 
each of those two and a third, or outside body Thus, the fric between a belt 
and the pulley driven by it tend.s to prevent .slipping between them; but thus 
tends to make the belt slip on the driving pulley, and sets the driven pulicy 
and its shaft in motion relatively to the bearing in which the shaft revolve.s. 
This motion is resisted by the fric betioeen journal and bearing; and this fric, 
in turn, tend.s equally to make the bearing revolve with the journal, and to 
make the belt slip on the driven pulley, 

175. The fric bctw^n two bodie.s at rest relatively to each other is called 
static friction, or fric of rest. That between two bodies tn relative motion 
is called kinetic friction or fric of motion. 

176. The ultimate or maximum static fric between two bodies, 
as U and L, Fig. 77 (or the greatest frie r^siRtance which they are capable 
of opposing to any sliding force when at re.st), is equal to a force (as that of 


* “ Friction” (meaning ruld.ing) is a misnomer in .so far as it implies that 
rubbing must take place in order to produce the re.sistance. For we meet 
this resi.stance, not only during rubbing, but also before motion (or rubbing) 
takes place. ” Re.si.stance of roughness” would better express its nature, 
t Bee foot-note (♦), 1 1. 
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the wt F) which is just upon the point of malcing TJ begin to slide upon L.* 
Thus fric, like other forces, may be expressed m weights, as in lbs. 

177. A resistce cannot exceed the force which it resists, f Therefore if F 
is less than the ult static fric between U and L, the frictional resistce actually 
exerted by them is also less. When F is = the ult fric (and LJ is therefore on 
■‘.he point of sliding) the actual resistce is = the ult stat fric. If F exceeds 
the ult stat fno, ,tho excess gives motion to U. 

178. If, when a body is in motion, all extraneous forces and resist ces are 
rtimoved or kept m equihb, it moves at a uniform vel. Hence, if the force, F. 
Fig. 77, is just = the ultimate kinetic fric between U and L, their vel is uni- 
form. If F exceeds this, the excess accelerates the Vel, If the xilt kinetic 
>ic exceeds F, the exces.s retards the vel. Thus the actual frictional 
resistce exerted by two bodies tn relative motion is = their ult kinetic 
fric “ that force (as F) which can just maintain their relative vel uniform. 

179. Hence, if the hor surf S upon which L re.sts, could be made perfectly 
frictionle.ss, the pres of L against the lug m (which would then always be “ 
the actual fric resistce between U and L) would also be “ their u// fnc so long 
as U continued in motion over L, and might therefore be greater or less than 
or =• F; but when U was at rest the pres against m would be «*• F, and less 
than (or at most just — ) the ult fric. 


Cocfflclent of Friction. 


180. Since no surface can be made absolutely smooth, some separation of 
the two bodies must in all cases take place in order to clear such projections 
as exist. Hence the fric is always more or less affected by the amount of the 
perp pres which tends to keep them together. 

181. The ratio of the ult fnc, in a given case, to the perp pres, is called 
the coefficient of friction for that case. Or, 


ina 


Coefficient of friction 


ultimate friction 

perpendicular pressure 


Ultimate friction >» perp pres X coeffoffric 


Thus, if a force F, Fig 77. of 10 lbs, just balances the ult fric between U 
*nd L, and if the wt of U (the perp pres m this case since the surf between U 

and L is hor) is 50 lbs, then the coeff of fnc between U and L is •• 

- 0 . 2 . 



182. The coeff Is usually expres.sed decimally, or by a common 
fraction; but sometimes, as in the case of railroad cars and engines, in ffis 
(of fric) per ton (of perp pres). Or by the "angle of fnc ” in degs and mins. 


* We here nei^lect the frio of the string and pulley, and assume that all the 
force of the wt J- is transmitted by the string to U. 

t If a resisting force exceeds the force resisted, the excess is not resistce, 
but motive force 
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183. Angle of Friction. In Fig. 78, let W — the weight of the bodyt 
P = its pressure normal to the plane, and S »= the component tending to 
slide the body down the plane. 

When the ansle a is such that the body is just on the point of sliding do^ 
the plane, it is called the angle of friction, or angle of repose. The motion 
F and the sliding force S are then equal. 

But p “ p “ B ” coefficient of friction — tan a. Hence F — P tan a 
» W cosin a . tan a. 

184. Frictional Stability. Let R, Fig. 79, be the resultant of all the 
forces pres.sing a body against a plane, and N a normal to the plane. If the 
angle i between Jl and N exceeds the angle of friction (a, Fig. 78) between the 
(wo surfaces in contact, the body will wide on the plane, but not otherwise. 
If t does not exceed the angle of friction, the entire resultant R will be im« 
parted to the plane and in its own direction, and not merely its normal com* 
poueut V, as would be the case if the surfaces were frictionless. 



(«) 

Fijf. 
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18A. To find the eoeff of kinetic fric« allow one ot the bodies, 0, 
Fig. 80, to slide down an inclined plane A C formed of the other one and hav- 
ing any convenient known steepno.ss ACE greater than the anf^le of frio (1 
188), Note the vert dist A E through which U descends in sliding any dbt 
as A C (A E — A C X sine of A C E); also its actual sliding yel in ft per sec 
on reaching C. Calculate the vert (list A D through which it w’ould nave to 
descend along the plane (from A to B) to acquire that vel ij there were no fric. 


(ad 


velocity- in ft per sec \ 
twice the accel g of grav ♦ / 


Find D E ( =• ,\ E — A D), and the hor dist E C corresponding to A C 
IE C “ A C X cosine ACE- l^ACi — A k -). Then 

D E 

Coeff of the average fric in sliding from A to C — 

kj L 


becau'ie, if we let A E represent the total sliding force expended (in accelera- 
tion and in overcoming the fric), then A D represents the TOrtion of A Eex- 
r>ended on vel, and 1) lO th.at expcmled on fric, and, since C E representa the 
perpendicular pressure 183), 


DE fnrtion _ 

— coeff. 

E C prep pres 


186. Or, find sine and tangent of ACE*, and the dist A C ( — timet* in 
■eca X i (7 • X sine of A C E) through which U would slide in a given time 
U there were no fric. Measure the dist A B through which it actually elidee in 
that time; and find BC^AC — AB. Then 
coeff of the average ) n r P 

frio in .sliding from A to B / “ ^ E ■ 

because 


B C 

■ tan A C E X 


*’g ~ about 82.2 ft per second per second. 
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(1st) A0:AB:B0 :t ABiABtDB 


, . the theoretical velocity 
*’ due to total slidiuj; force 


: the actual velocity : the frictional 


retardation 


sliding force employed the friction, or the sliding 
the total sliding force : lu giving the actual : force required to baiUiice 
velocity the fi ictiou. 


And, if A E is 
mid 


the total sliding force, then E C is — the perpendicular piessure, 


D K 
K(! 


the coefficient of tnction ^ tangent of D 0 E. 


(2nd) Owing to the sinulatity of the two triangles, A'B D and A C E, we have 

An BC::AE:DB;:^:L!5.:: tangent A C S : tangent DOE. 

BO EC 

187. In 1831 to 1834, Gen'l Arthnr Morin* experimented with 
prensnrei, not exceeding about 30 Ihs per sq in; and arrived at the lolloning 
couclusions iu regard to sliding Inc wlieie, the perp pres is considerably less 
than would he necessary to abrade the surfs appreciably. These were for a long 
time geuerally regarded as cunstilutiiigthe three fundamental lawNof 
fric. 

iMt. The ult fric between two bodies is proportional to the total jierp force 
winch presses them together; i e, the coefT in independent of the perp 
pres and of its mlmsity (pres per unii of surf). Hence 
,ld. For any given total peip pros, the coelf is independent of the 
area of surf in eontaet. 

If upon a hor support «<• lay a brick, measuring 8 X 4 X - ms-, first upon its 
loiigedge 18 X 2 ms) and ile ii iij»on its side (8X4 iiisj, we double the area of 
contact, while the total pi> dbe at of the brick) retuai ns tin- same, and thus re- 
duce the pres fXfr sq in by oiie-nall. Consequeinly (thecoeff n-mininng praeiically 
the same) we have only halt the/nc jter sq m. But we have twice as manj sq ins 
of contact, and therefore th>* same Mat fnc. 

But if we can increase or diraiiiish the area of contact wilfuaU ajfectmg the pres 
per sq in, the total pres will of course vary m the urea, and tie- total Inc will vary 
In the same proportion, for the coetl’ remains the same Thus, if we place two 
similar sheets ol paper between the leaves of a book (taking care not to place 
both sheets between the satne two leaves) and then squeeze liie hook ui a It tter- 
copyiiig press, it will require aliout twice as mucli force to pull out both sheeia 
as to puli out only one of them. 

3d. Although tliecoell cf s/flfic fiic between two hiKlies is often much greater 
than their coetf of kinetic fric; yet the fooif of kinetN* frie in inde* 
pendent of the vel. 

Tilts applies also (approx) to tlie/ric, and hence tothenorfr (in M-pouuds etc) 
of overctmiing I’l ic rlirouglt a given disi; for then the work ( resisK-e X dist) is 
iiidepenilent of the vel. Hut in a given lime, the dist (and const-qnenlly the 
work also) of course varie.s as the vel. 

188. (a) Some kinds of surfaces appear to interlock their projections 
nucli more perleetly when at rest relatively to each other, than when in even 
rery slow motion ; and lu some cases the degree of inlerlooking seems to in- 
crease with time of contact. Hence there is often a great dtffin amount between 
I’ric of restand fric of motion. Thus, (ien'I Morin found that with oak upon 
Mk, fiiires of tlie two pieces at right angles, the resistce to sliding wliile still at 
rest, and after being for “some time in contact,” was about one eighth greater 
than when the pieces had a relative vel of from 1 to H ft jier sec. 

^) But experience shows that even very slight jarring suffices to remove this 
dm; and since all structures, even the heaviest, are suhjK-t to occasional jarring, 
(as a bridge, or a neighboring building, or even a hill, duiing the passage of a 
train ; or a large factory by the motion of its machinery ; or in numberless cases, 
by the action of the wind) it is expedient, in construction, not to rely on fric for 
dcd)ilHy any further than the coeff for mmnna fric will justiiy. When it is to be 
regarded as a resistce, which we must provide force for overcoming, it should be 
taken at considerably more than our tabular statement. 


• See htH •' Kundttnmiii.il Idt-us 
Hew Yorlt. 1W». 


or Mt-ehaiiioH traii«liit<!d Ity Jox. K,.uuoti: D. Appleton A Oe. 
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Table of moving^ fk*lction, of perfectly smooth, clean, and 
dry, plane surfaces, chiefly from Monn. 


Uaterials Experimented with. 


Coeflf of 
Fric: or 
Propor- 
tion of 
jp'ric tothej 


Oak on oak ; all the Hhera parallel to the motion 

" " moling fibres at riKht angles to the othera; and to the motion... 

“ " all the fibres at right angles to the motion 

“ moving fibres on end , resting fibres parallel to the motion 

'■ cast iron, fibres at right angles to motion 

KIni on oak, fibres all parallel to motion 

'j.ik on elm, “ “ 

Kim on oak, moving fibres at right angles to the others, and to motion 

Ash on oak, fibres all parallel to motion 

Fir on oak. “ “ •• “ 

llcech on oak " “ “ “ 

Wrought iron on oak, fibres parallel to motion 

Wrought Iron on elm, " 

Wrought Iron on cast iron, fibres parallel to uiotton 

“ on wrought Iron, fibres all parallel to motion 

Wrought Iron on brass 

Wrought Iron on soft limestone, well dressed 

" '• hard “ “ " 


“ “ or steel on hard marble, sawed. Hy the writer about , 

“ “ “ “ “ smoothly planed, and rubbed mahogany, fibres par- 
allel to motion 

“ “ “ “ “ smoothly planed wh pine 

fast iron on oak, fibres parallel to motion i 

“ “ “ elm. " “ “ “ { 

“ “ " cast iron i 

“ “ " brass I 

Sicel on cast Iron 

Steel oil steel Hj the writer ... J 

Steel on brass 

Steel on polished glass By the writer about . 

'• quite smooth hut not polished, on perfectly dry planed wh pine, fibres 

parallel to inntioii about . 

“ quite smooth, blit not polished, on iierfectly dry planed and smoothed 

iiiahngniii. fibres parallel to niotion about . 

Yellow topfior on cast iron 

" " oiii'sk 

Brass on east iron 

“ (lu wrought iron, fibres par.illel to motion 

“ on brass 

“ on perfectly dry planed wb pine, fibres parallel to motion alsiut.. 

" '* “ “ and smoothed mahogany, fibres parallel to mo- 

tlou about . 

Polished marble on polished marble By the writer Average- ...... 

“ " ou common brick “ 

Common brick on common brick “ 

Soft limestone well dressed, on the same 

Common brick, on widl-diessed soft limestone 

“ * " •• hard *' 

Oak across the grain, on soft limestone, well dresaed 

“ '• hard “ '• *• 

Hard limestone on hard limestone, both “ “ 

“ *• “ soft “ “ " “ 

Soft “ " hard “ •* “ “ 

Wood on metal, generally, 2 to .62 mean.. 

Wood, vfrv »moor/i, on the same, generally, .25 to .5 " .. 

Wood, “ “ on inetiil, •• .2 to .62 •• .. 

Metal on metal, vrrv smooth, drv “ .15 to .22 “ .. 

Masonry and brickwork, drv “ .6 to 7 " 

“ •* “ with wet mortar about.. 

“ ' " “ “ slightly damp mortar “ .. 

“ on drv clay •' .. 

•• “ moist’* '• .. 

Marble, sawed , on the same ; both dry. By the writer.* .average “ .. 

“ " " “ “ both damp " “ “ ., 

“ •* on perfectly dry pinned wh pine. “ ..* “ “ 

•* •' on damp planed wh pine *' ..* " 

" polished, on perfectly dry planed wh pine “ " 

White pine, perfectly dry ; planed; or the aame; all the fibres pHratlel to 

motion about.. 

" ** damp, planed; on the same •• ,. 


Deg. Min 
' 25 S8 

17 45 

18 47 


2S 17 
14 i 
24 16 


26 6 

15 80 

16 42 


32 J-i 
82 M 
3.8 2 
31 00 


20 48 
3.8 50 
33 2 

22 18 


* But after a few trials the surfaces become so much smoother as to reduce the angles as mneh m 
1 m 2° to ; the sliding blocks weighing about <80 Ihs each. 
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189. Recent experiments, with umch greater varialioii^ iH’ pres and of 
vel, and witl more delu ate appaiatus for detecting slight changes in the ooeflj 
although giving conflicting results,* show that the three laws in ^ 187 
are far from correct for surls moving at high vels, and under great pres; and 
that they are only approximately correct for ordinary vels and 
pressures; for the eoelTis found to vaiy both with the intensity of the pres and 
with the vel, as also with the temperature.* But in the cases with which the 
civil engineer has mostly to deal, slight dHTs in the charaeter of thesiirls, oi 
even in the dampness of the air, will often cause much greater changes of coi'ft 
than those due to any probable changes <if pres, vel and temp; so that, within 
the limits of abiasion, we may generally take Morin’s rules as 'iiifliciently cor' 
reel for such cases. 


190. Prof. A. S. KiinbRlI. oi 

the Worcester (Muss) lust of Indiisiriul 
Science, has madi- some very delicaieexpci i- 
ments umu ilie Imc bet wcmmi surfs of pirn- 
wood.f The resulls are given in Fig 8, 
merely to show how the coefi‘\aried witli 
vel and prts. Our table gives a coeft' of 4 
for pine on pine. 
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Line A shows coeflTs at 

.. H 


“ I) 
“ K 


■cN under a pres of l/iR Itis p* 
l.r.9 *• 

“ 1 f.(» “ 


'•q in. 


It will he seen that at low vels the coeff decreased when the pres per sg in was 
•Imost inifierceptibly increased; but thisdiff disappeared as the vel increastKi. 
At vels from 4 to 120 ins per sec, the coeff generally decreased as the vel in- 
crea.sed ; rapidly at first, hui more slowly as the vel became greater. This agree-* 
with other recent expts. But at very low vels (.08 to 5 ins per sec) Prof, Kimball 
found the coeff (line E) increasinq very rapidly with the vel. 

We have made the scale of coelfe large in order to show their variations which 
are so sliaht that they would otherwise be scarcely perceptible. Less ciclicate 
expts would have fallra to show them at all. 

191. («) In 1878 Capt. Dooglan Oalton and Mr. Gcorfpi Weat« 
Ingbouoc, Jr.f made careful experiment" In England to ascertain the effect o| 
ftiction in connection with railway brakes, t The friction and pressure wilt 


* Thin U not "uriirtninit In vtew of the extent to which the coeff U affected lit the nature of the 
•urf If the fiba|ie of the niiuul)* projections !■< such that they lit Into each other ux perfeellj undi*r 
email preesurea a* under gn*al one*, and if ihe> are too Htrongto be broken by the preaHures a|>iiUcd, 
the coeff, M etated In the lit law, ahtmld he ln<le|iendentof the pres. But if high prea wed(fp<» (hr 
prqiectlon* of one body morecloaelv tx-iwccn thorr- of the other, theo(«ff ahould Incrraac upder -'Unli 
pro* On the other hand, If the hicher pre* lireaka down the pritiectlon* while the lower one* aic 
■liable to do ao. the coeff ahould decrea-e under the bigber pres. The particle* ihu* broken off mat 
•itber act a* • lubricant and thua atill further reduce the fric and Ita coeff, or (if angular and hard) 
naj inereate It. Cbanite of area of contact, under a given total pre", may, by affecting the <NteNaify 
If the prea, make change* in the coeff «iniiiHr to ihoac Juat mentioned. 

At high vela the roughiie'-w* have not time to interlock aa perfectly M at low vela Hence wr 
Bbould expect a lea* ooeff at Ineli \el*. But liiith \el generallv InoreiueB the number of proji-etionN 
kroknn away ; and them- niav ciihi-i increnm* or diiiiioisli the coeff, aa explained above. High vel 
kften iruUrcrtltf affeela it by lucrca'iite the ttrnpfraturr 
4 8llllniun‘* .Tournal (Ameriean Jonrnitl of Belencc) March 1876 and May 1677. 
i8ee pKie. liiHtn of Mechl Kngr«, l,ondnn, June and Oct 1878 and April 1879; and ‘'Engineer 
log ' London. 1878; vol. 25, pp 432, 469, 490, rol. 26, pp 163. 386, 396. 
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Brtamaticftllr recorded by meann of hydraulic paupe*. With cast Iron brnice-bl^kR 
•nil stfel-tired wooden wheels, 48 inches in diameter, they found coefflcients abont 
»•< shnwn in Fife. 4. 

The points in lines A, B and C show the average brake coefFs, or coeflfs of slid* 
Ing frit between the tread of a rolling wlieel and the biake-block. 


Speed of Oar, In miles per hour. 



Speed of Oar, In mileo per hour. 

Line A shows brake coeffs obtained inomed’y after application of brake 

ii rj «t i» .rt sera “ “ 


” !•> " 

“ r> shows rail coefls or coeft» of sliding fric i)elween the tread of a did- 
1/17 or skidding ” wheel (held fast liy the brake) and the rail. 

(b) From lines A B and C it appears that the brake coelT obtained at a 
given length ot time after the ap)dication of the brake was generally greater 
at low than at hift;h vein. But where the vel was maintained uniform 
(lie brake eoeff dimlnlNhed aa bloek and wheel remained 
lonicer in contact. Thus, lines A and B show that at 37j) miles per hour 
tlie Itrake coeff whs .154 when the brake was first applied (point g), but fell to 

in 5 sees ( r I Line A (immi'd’y after application) shows a higher brake eoeff 
i.rVi nt/)ai Al'n miles than line B (5 secs after application) shows at 37J luiles 
(.096 at X). 

ii/e diminution of the rati coeff with length of time of application of brake, 
was -scarcely noticeat/le. 

(c) When the brake fric (owing to the reduction of vel and consequent in* 
crease of eoeff) becomes the “adhesion ’’ or static fric between the rail and 
the tire of the rolling wheel, the vel of rotation rapidly falls lielow tliat due to 
the vel of the oar; i e, the wheel beyipln» to *^Mkid'' or slide along the 
rail and in from .75 to .‘{secs the rdtation of the wheel ceases entirely. 

(d) The rail eoetr. line 1>, it* g^enerally much lesa tlian the 
brake eoeff, lines A, B and ('. The pres on the rail ( ■=“ the wt on a wheel) 
w as about 5(XM) tbs per so in, or greatly in excess of the limit of abrasion. That 
at tlie brake was alaml ‘200 lbs per sq in. A few exnts were made witli brake 
blocks having hut of the usual area of contHCl, ana therefore 3 times the pr« 
oer sq in under a given total pres. They faiUnl to sliow conclusively that this 
caus<‘d any marked cliaiig«' in the coeff. 

(c) The rail coeff. Imo D, like the brake coeff, Inereaties at* the vel 
dimlnlMliet*; slowly at first, but much nion* rapidly us the speed becomes 
loss; until, at the moment of slopping, it is generally even greater than tlie 
brake coeff just before skidding. VViih steel tires on iron rails at high vels it was 
somewhat greater than on steel rails, but this diff disappeared as the vcl dimm< 
ished. 

(f ) Locomotlveti overcome resistces from ^ to ^ or more of the wt ou 
all the drivers; i e, they have a coeff of .33 or more, although the experimeotal 
coeff for steel on steel in motion at low pres, is only about .15, But the cases are 
so diff that a similarity in theu coeffs could hardly be expected. The great wt, 
say from *2 to 6 or even 7 tons, on a driver, is concent rated on a surf (where the 
wheel touches tlie rail) about 2 ins long X about ^ inch wide, or — say 1 sq in. 
The pres per sq in thus greatlv exceeds not only that upon which the tables are 
based, hut also the limit of abrasion. Besides, any point in the tread, during 
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the 'nstant when it is acting as the fulcrum for the steam pres in the cyl, is 
ftaiitmary upon the rail. Its trie (miscalled “ adhesion ”) is therefore ttaHc. 

Capt. Galton found that the eoefT of ** adhesion was independent of 
the vel, and depended oniv on the character of the surfs in contact. With a 
four-wheeled car having about 5000 S>s load on each wliecl, it was generally over 
.20 on dry rails ; in some cases .25 or even higher. On wet or greasy rails, with- 
out sand, it fell as low as .15 in one case, but averaged about .18. With sand 
on wet rails it was over .20. Hand applied to dry rails before starting gave .35 
and even over .40 at the start, aud an average of almut .28 during mijtion ; but 
sand applied to dry rails while the car was in motion was apt to be blown away 
by the movement of the car and wheels. 

(g;) Owing to the constancy of the cocif of '‘adhesion*” under given conditions 
of tire and rail, the brake fric net’essary to "skid” the wheels in any case was 
also practically constant for all vels. But at nigh vels, owing to the lower brake 
coeff, a higher brake jtres was reqd to produce this fixed amount of brake Jric 
The skidding also reqd a longer time than at low s}>eeds. 

192. If the pes is sufficient to produce abrasion (indeed, while it is 
much less) the fric often varies greatly, out no preci'.e law has yet been discov- 
ered for estimating it. Rennie gives the following fnblo of roeflh of fric 
of dry surlaces. under preawnrcHs grradually increased up to 
the limits of abrasion. It will he noticed that in this table the 
coeflT g^enerally Increases with the intensity of the pres : 

Coeffli of friction of dry^ surfaces, under pressures g:ra<l- 
nally liicreaseil up to the limits of abrasion. (By Q. Rennie, C K } 


Pres in I-hs. Wro 
per 1 

Square Inch iWro 

jght Iron 
on 

ightirou 

Wrought Iron 
uo 

Call Iron 

Steel 

Cast Iron 

Hrasa 

Cast Iron 

3-2 

140 

.174 

16« 

157 

186 

.2‘i0 

.275 

.300 

-2-25 

224 

-271 

292 

:i3-t 

219 

336 

..112 

m ■ 

•!17 

'215 

448 

..'176 

m ! 

.JiW 

.?0» 

560 

.409 

.167 . 

.:i5s 

■' '1 

672 


37« 

401 

■2"< 

709 


.4;u 1 



784 


I 


.'2:12 

821 


1 


-273 


198. (a) Rollinic fk'ictlon, or that between the circumf of a roll* 
ing body and the surf upon which it rolls, is somewhat Miuilar to that of a 
pinion rolling upon a rack. In disengaging the interlocking projections, or in 
lifting the wheel over an uRstacle o, Figs 5 aud 6, the motive iorce F, instead of 
dra^ffino one over the other, as in fc'ig76« p. 407, acts at the end of a bent lever 
F R W Figs 6 and 6, the other end W of which acts in a direction perp to the 
contiict surf; and in practical cases of rolling fric jiroper the leverage RW of 
the resisting wt ol the wheel and its load is very much less, in proportion to 
that (FR) of the force F, tliaii in our exaggerated figs. Hence the force F read 
to roU a wheel etc is usually very much less than would he necessary to jtWde ft. 


(b) There are usually two ways of applying- the force i: 

Ing rolling fric: Ist (Fig 5) at the axis of the rolling body; as the 




hot at both top and hoftom of the wheel, 


applying the force in overcom* 
of the rolling body; as the force of a 
horse is applied at the axle of a 
wagon-wheel; or thatof a man st the 
axle of a wheel-harrow : 2d (Fig 6) at 
the ctrenmf ; as when workmen push 
along a heavy timber laid on t«m of 
two or more rollers; or as the ends of 
an iron hridge-trnss play backward 
and torward liy contraction and ex- 
pansion, on top of metallic rollers or 
balls (p725). In Fig 5 we have, in ad- 
dition to the rolling fric of the cir- 
entnf of the wheel on its support, the 
sliding fric of the axle in lis hearing. 
In Fig 6 we have only rolling fric. 


obstacles o are very small, as In the ease of cart-wheels on 
smooth hard roads, or of car-wbeels on iron or steel rails, the lev* rage 
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CF R) of F becomes, practically, in Fig 6 the radius, and in Fig 6 the diam, of the 
wheel; while that (RW) of the resistce is very small. Hence, neglecting axle 
fric in Fig 6, the force F reqd to overcome rolling fric in such cases is directly 
as the wt W of and on the wheel, and inversely as the diam of the wheel. 

The few expts that have been made upon the coeifs of rolling fric, apart from 
axle fric, are too incomplete to serve as a basis for practical rules. 


(d) The fric (or *^adhe«iion between wheel and rail, which enables a 
locomotive to move itself and train, or which tends to make a car-wheel revolve 
notwithstanding the prfes of the biake, is a resistce to the sliding of the wheel 
on the rail ; ana is tiiereiore not rolling but sliding iric ; when the wheels 
either stand still or loll perfectly on the rails; and kinetic when they slip or 
“ skid ”. 

194* The friction of liqnidn moving in contact with solid bodiei 
in independent of the prcMsiare, because the “ lifting ” of the particles 
of the fluid over the projectmrm on the surf of the solid body, is aided by the 
pres of the surrounding particles of the liquid, which tend to occupy the places 
of those lifted. Hence we have, for liquids, no coeff of fric corresponding with 
that (=* resistce -i- pres) of solids. The resistce if believed to be dlreeily as the 
area of turf of contact. Recent researches indicate that Resistce = a coeff" X 
area of surf X* vel», in which both n and the coeff" depend upon the vel and 
upon the character of the surf; and that at low vels n = 1, but that at a certain 
“critical ” vel (which varies with the circumstances) n suddenly becomes » 2, 
owing to the hreaktng up of the stream into marked countercurrents or eddies. 
The resistanc* of fluid fric arises principally from the counter currents thus set 
In motion, and which must he iirought into compliance with the direction of 
the force which is urging the stream forwani. 

19S. Table of eoefllelente of mowing friction of smooth 
plane surfaces., when kept perfectly lubricated. (Morin.) 


Dry i Olive, Tsl- 
' Soap. Oil. I low. , 


luid* 

l.>Plum- 


Osk on oak, flbrea parnllel to motion 

“ “ “ ilbros perpendicular to mottou 

" on cl'o, Qbrei* parallel to motion 

“ on oaat Iron, Hbrea parallel to motion 

“ on wrought iron, *' ** “ 

Beech ou oak, fibre* “ '• “ 

Kim on oak, “ “ ** “ 

“ on dm, “ “ “ •* 

“ oaat Iron, “ “ •• “ 

Wrought iron on oak, flbrea parallel, greased and wet, .1(56. 

" " •• “ Bbrea parallel to motion 

“ “ on elm, " *• •’ 

“ “ on oast iron, " “ “ 

“ “ on wrought Iron, “ “ 

“ “ on brats, flbrea " “ •* 

Cast Iron on oak, flbrea parallel to motion 

greased and wet, . 

“ “ on elm, “ “ •* “ 

'• “ on oaat Iron, with water, .31* 

" “ on brass 

Copper ou oak. flbrea parallel to motion 

Brass on oaat iron 

“ on wrought iron 

“ on brass 

Steel ou cast iron 

“ on wrought iron 

" on brass 

f anued oxhide on oast iron, greased and very wet, .3b.', . . . , 

" “ on brass 

“ “ on oak, with water, .211 


.164 j .... I 

.136 1 ! 


.m 

.055 

.OTO 


I .075 

.061 .077 i .... 

.064 I .too I .070 

' .KKt ; .075 

I .06» 

1 .072 .068 

.077 .086 ' 


.067 

.072 

.066 


.072 


.081 


The Imanchtng friction of the wooden frigate Princeton was fonnd by • 
committee of the Franklin Inati^ute in 1844, to average about ,067 or one-fifteenth 
of the prewnre during the first .75 of a second and .022 or one forty-fifth for the 
next 4 seconds of her motion. The sloiw of the ways was 1 In 13, or 4 degrees 24 
minutes. They were heavily coated with tallow. li’esBure on them 15.84 lbs. 
per square loom or 2280 lbs. psr square foot In the first .75 of a second the vessel 
slid 2.6 Inches ; in the next 4 seconds 16 feet 6.5 inches; total for 4.75 second lA,7fl 
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196. Tbe flrictten of Inbrieated nurfbciM^i varies greatly with 
the character of the surfs and with that of rhe liibricaut and the mauner of itf 
application. If the lubricant is of poor quality, and scantily and unevenly ap* 
plied under great pres, it may wear away in places and leave portions of the dry 
surfs in contact. The conditions then approximate to those of unlubricated 
surfaces. But if the beat lubricants for the purpose are used, and supplied reg- 
ularly and in proper quantity, BO as to keep the surfs always jjerfectly separated, 
the case becomes practically one ol liquid friction, and the resistcc is very 
small. Between tliese two extremes there is a wide range of variations (see 
table, ^ 197 (d)), the coeff being affected by the smallest chamre in the condi- 
tions. Where any degree of accura^ is reqd, wo would refer the reader to the 
experimental results given in Prof. Thursiou’s very exhaustive work,* devoted 
exclusively to this intricate subject. 

197. (a) Expts by Mr. Arthur M. Wellington upon the l>lc of 
lubricated Journaliit gave a gradual and continuous increase of coetl as 
the vel of revolution diminished from 18 ft per sec ( ■= a car speed of 12 miles 
per hourl to a stop. This increase was very slight at high vels, but much more 
rapid at low ones ; as in Figs 3 and 4. At vels from 2 to 18 ft ]^r sec the eoeff 
was much less under high pressures than under low ones; but at starting there 
was little diff in this resp^t. The coeff increased rapidly as the tempera* 
tare rose from 100° to 120° and 150° Fahr. 

(b) Prof. Thurston, also experimenting with lubricated Journala,! 
found that at starting, the coeff increased with increase of pres, as it did also 
when in motion, if the pres greatlv exceeded the max (say 6u0 to 600 lbs |)er so 
In) allowable in machinery. He also found that at high vels the coeff inerfasea 
very slowly (instead of continuing to decrease) as the vel increased. 

(c) Prof. Thurston gives the following approx formulae for Journal 
frietioa at ordinary temperatures, pressures and speeds, with journal and 
bearing in good condition and well lubricated : 


Coeff for atartins 
Coeff when the shaft 


■ (.016 to .02) X ^ prea in Bw per sq in. 
U,M)X 

l/pn* in lbs per sq in. 


is revolving 

At pressures of about 200 lbs per sq in : 

Temperature of minimum ^ >. y. 

niWc ; in Fahr degs - X l/veUn ft per ada 


Cantlott. The leverage, with which journal fric resiats motion, in* 

eremea with the diam of the journal. 

(d) The following figures, selected from a table of experimental results given 
by IVof. Thurston, merely show the extent to which the coeff of 
Journal flrie la affected by prea, vel and temperature: and 
hence the risk incurred in rigidly applying general rules to such cases. In 
these expts the character of journal and bearing the lubricant and its method 
of application, remained the same throughout. Where these vary, still further, 
and much greater, variations in the coeff may occur. 


§teel Journal in hronse bearing. lubricated with atandard 
aperm oil. 



1 


Speed of revolution 



80 feet per minute | 

1 100 feet per minute j/iOO ft per mtn|l200 ft per min 

1 


Preaanrea 



II 

1 200 

1 100 1 4 

I 200 1 100 

1 ^ 1 

200 1 100 

200 1 100 

& 

I lbs per sq in | 

1 Ihs per sq In | 

lbs per sq in 

lbs per sq iii 

130° 

90° 1 

Coeff 

.0160 

.0056 

CJoeff Coeff 
.0044 1 .125 
.0031 1 .064 

Coeff , Coeff 
.0087 .0019 
.0040 ' .0019 

ill 

Co4'ff (’oeft* 
.0037 
.0076 .0061 

CiM'ff ' Coeff 
.0065 ! 0075 
.0100 i .0150 


* Prifltlon and IxMt Work In Machlnerr and Mill Work, John Wiley k Son*, New York, 
t ^ua Amer 8oe of nirtl _Rntfr« Kow Vork_J^^^o. ISM. 
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(e) Where the force In applied first on one side of the Joni> 
nal and then on the opposite side, as in crunk pins, the frlc is jes 
than where the resultant pres is always upon one side, as fu fly-wheel shafts 
because in the former ease the oil has time to spread itself alternately upon both 
sides of the journal. 



(f) Friction rollers. If a journal .T, in- 
stead of revolving on oidiiiary bcaring.s, he sup- 
ported on friction rollers It, R, the force reoulr^ 
lo innke.T revolve will he reduced in nearly the 
same proportion that the diain of the axle o or 
0 of the rollers, is less than the diam of the 
rollers themselves. 

Mr. Wellington experimented with a patent 
liearing on this principle, invented by Mr. A. 
Higley' Diam of rollers UK, 8 ins; of their 
axicsoo If lus; of the journal c, ins. Here, 
theoretically. 


Inc ol pati iit juui nal — Inc of ItJ 


in Journal X 


diam oi axles oo 
(liaui of rollers RR 


1} ins 
8 ins 


Ol as 1 to 4.6. Under a load of 279 Ihs per sq in, Mr. Wellington found it aboui 
as 1 to 4 when starting from rest; and about as 1 lo 2 at a car speed of 10 miles 
jM'r hour. 

198. (a) KcHlMlaiM'e of railroad rollinjf «t«ek. Thiacou- 

sists of roll'ng Inc heiwe. n the tieadsof the wheels and the rails ^the treads 
also sometimes .v/nic on the rails, as m going around curve.st ; of sliding fric be- 
tween the journals and their bearingN, and between the wheel flanges and the 
mil ht'ads; of the resistce c.f the air; iind of o.seillaiions and concuasions, which 
|•on.s^^me motive jKjwer by their lateral and vert motions, and also increase the 
^>lioel and join iiul fries. 

Its amount depends greatly upon the condition of the road-bed and rails (as 
to ballast, alignment, surf, spaces at the joints, dryness etc); u|>on that of tW 
rolling stock (as to wt earned, kind of springs used, kind and ((uaiitity of lubri* 
I ant, condition and dimensions of wheels and axles etc) ; ujion gradi-s and curv- 
ature; upon tiie direction and force of the wind; and upon many minor con- 
siderationa. Experiments give very conflicting results. 

(b) During the summer of 1878, Mr. lil>lliii|rton experimented with 
loaded and empty box and flat freight cars, passenger and sleeping cars, and at 
speeds varying from 0 to 35 miles jier hour. The cars were started rolling (by 
grav) down a nearly uniform grade of .7 foot per 100 feet, or 36.5 f»ei wr mile, 
and 6400 ft long. Their resistces were calculated as in ^ 185. “The rails 
were of iron, 60 U>8 per yd, and the track was well Imllasted and in good line and 
surf, but not strictly first class.’* The following approx fiuiires are deduced 
Irom Mr. Wellington's expts upon cars fitted with ordinary jouriialB.** 


Car Reuislance in poaiidu per Ion (2240 Ibw) af welfilil mi 
train, on straight and level track in giMid condition. 


Speed of 
truiii in 
miles per 


Empty cars 



Loaded oars 


Axle, 

Oscilla- 

tion 



Axle, 

Oscilla- 

tion 



hour 

tire and 
flange 

and 

con- 

cuss'n 

Air 

Total 

tire and 
flange 

and 

con- 

euss’n 

Air 



14 ' 

0 

0 

14 

18 

0 

• 1 

18 

10 

6 I 

.6 

.4 

7 

4 

.6 

A 1 

5 

20 

^ 1 

2.7 ; 

1.3 

to 

4 

2. 

L 

7 

30 

6 1 

5.8 1 

2.7 i 

14 

4 

4.7 

18 

il 


‘c) With theHigley patent anti-fric roller Journal, the resistoolasterfiiMWM 

out about 4 lbs per ton. ^ 

(d) Aiiout midway in the track experimented upon, was a enrro of l^de* 

flection angle (5780 ft rad) 8000 ft long, with its outer rail elevated 3 to 4 ins 


• TrmnMotloni, Amerlean SoctetT ofCivIt Rnfdneerii. Feb 1879. 
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above the inner one. The rise of the outer rail vras begun ou the tun geiu, about 
600 ft before reaching the curve. In the first 600 ft of the curve the resihlcc was 

! greater tlian that encountered just before reacliing the curve, by from .6 to 2.1 
average 1.1 ) lbs per ton. In t he last 600 ft of the curve this excess iiad diminished 
to from .2 to .9 (average .6) lbs per ton. Owing to the continuance of the down 

S rade ou tlie curve, the vel increased as the train traversed tlie curve; but it 
oes not clearly appear whether the decrease in curve resistce was due to the 
increase in vel, or to the fact that the oscillations caused by entering tlie curve 
gradually ceased as the train went on. 

(e) Mr. P. H. Dudley, experimenting with his “ dynajfraph ob- 
tained results from which the foAowing are deduced: 


Train Resistanee in pounds per ton (2240 Ibw) of weigrbtof 
train, including; grradcN. 


DeHCription of train j 


Average 

I/oaded 

Empty 

Weight tons 

Trip 

ftpred. 

Miles per 

cars j 

cars 

(2240 lbs) 


hour 

29 

2 

626 

Toledo to Cleve- 
land. 95 Pyiles 

20 

87 

0 

633 

Cleveland to f>ie 
95A miles 

20 

28 

2 

458 

1 Erie to Buffalo. 
88 miles 

20 


Average 

refilNt- 

anee. 


8.34 


7.67 

8.89 


“With the long and heavy trains of the L. S, A M. S. Ry, of 600 to 660 tons, it 
read less fuel with the same engine to run trams at 18 to Smiles tier hour than 
It did at 10 to 12 miles per hour’\ owing to the fact that at the higher speeds 
•team was used expansively to a greater extent, and hence more economically. 

199. The work, In fl«lbM. reqd to overcome l>lc through 
any dist, is *= the frlc In Ibe X the disi In ft. In order that a body.started slid- 
ing or rolling freely on a bor plane and then left to iUelf, may do tliis work; te, 
slide or roll through the given dist, its kinetic energy (««' its wt in IhsX its 
veP in ft per sec -t- 2^) must — the first-named prod. Conversely, the dint 
to ft through which each a body will slide or roll on a bor plane, is 

Its kinetic energy in ft-llis, at start 
fric in lbs 


wto f bod y In^bs >^nitlal vel* in ft per sec initial vel* in ft per sec 
wt of body in lbs X coeff of fr'c X 2 yf coeff of fric X 2 pf 


Hw time reqd. In secs, is 


dist in ft, so found dist in ft. 

mean vel, i ii ft per sec ^ initial vel in ffptTsec 


Suppose two similar locomotives, A and B, each drawing a train on a level 
straight track; A at 10 miles, and B at 20 miles, per hour. Tlie total resistee of 
each eng and train (which, for convenience, wo suppose to be independent of 
vel) is 1000 lbs. Hence the force, or total steam pres in the two cyls reqd to 
balance the trie and thus maintain the vel, is the same in each eng.‘ In travel- 
ing fen miles this force does the same amount of work (1000 lbs X 10 miles 
10000 pound-miles) In each eng, and with the same expenditure of steam lu 
tach; although B must supply steam to its cyls tipice as Jast as A, in order to 
suztntotn in them the same pros. lo one hour the force* in A does loOOO Il>-mil 4 <s 
M before, but that in B docs (1000 lbs X 20 miles ) 20000 Ib-milch, and with 
twice A’s expenditure of steam. 

But in fact the resistee of a given train is much greater at higher vels. See 
table, f 198 (6) And even if we still assumed the resistee to be the same at 
both vels, B must exert more force than A in order to acquire a vel of 20 miles 
per hour while A is acquiring 10 miles per hour. 

• An in«t for mmAuring theitraln on the drsw-tisr of • locomotive, or tbs Ibns wbiob tbs Isttst 
ticrti opon the train. 

t SMSOoeteratlon of gravity k say S2.2 ; 2gmt say 64.4. 
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200. Natural Slope. When granular materials, as sand, earth, grwn, 
etc., are deposited loosely, as when they are shoveled from a cutting or 
dumped from a cart, the angle, formed between a level plane and the sloping 
surface of the pile of material, is called the natural slope. This angle de- 
pends upon the friction and adhesion between the separate particles of the 
material, and often varies, in one and the same material, from time to time, 
with change.'* in weather conditions, etc., especially with dampness. 



20 J . Any force, p. Fig. 85, acting upon a body, B, will suffice to move the 
body (see foot-note (*), 1! 1). provided it exceeds the sum, 8. of all resist- 
ance.s, including friction between B and the .surface ufion which B rests, or if 
it forms, with anv other force or force.s, P, a resultant, R, greater than S. 

If, before the application of p. the body i.-' already in uniform motion, P is 
-- S; and any force, p, however small, will .suffice to change the direction of 
motion This accounts for the e.a.se with which a revolving shaft may be slid 
longitudinally in its bearings, and for the fact that a cork may be more 
ca-sily drawn if we fir^t give it a t wi.sting motion in the neck of the bottle. 

LEVERS. 

202, Ciasse.s of Lovers. Figs 86 Levers are cla.ssed according to 
♦he relative juMtions of “power. " ♦ “weight” ♦ and fulcrum, as follows: 



File. S6. 


Fig. (a), Class 1. Fulcrum R between pow'cr and weight W; 

“ (b), “ 2. Weight W between power t/’ and fulcrum R; 

“ (c), “ 3. Power W between w'eight w and fulcrum R. 

In class 2, the leverage of the power is nece.ssarily greater than that of th« 
weight In class 3, vice versa. 

203. In Fig. 86, taking the moments of the forces about any point at 
pleasure, as o, we have, for equilibrium : 


Fig. (a), W . Zw — R Zr 4 «’ . K = 0; 
. Fig. (h), W .Zw-RZr-«>.Z„ « 0; 
Fig (c), W . Zw — R Zr 4- . Zw — 0. 


* When level's are u.sed for lifting weights or for overcoming other resist- 
ances, the force applied is calleil the “power.” and the resistance to be over- 
come is called the “weight ” 
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!204. Compound levers, Fig. 87, may be used \^lIPre there is not room 
for the arms of a .single lever of sufficient length. In a compound lever, 
neglecting friction, 

weight _ product of length.^ of power arms _ 8 H) L* ^ 1(10 

(lower product of lengths of w'Pight arm.s 2 v 1 ■ 4 8 

The three levers of 1 ig 87, taken .separately and tieg iiinng at the jiower 
end, give: 

weight S ,10 - ' 

(low'er 2 I t - 

4nd 4 V lo X - 20. as before 




205. Toothed or Cok Gearinie. Wheels and Pinions. Fig. 88. 

These are a senes of contmuou.s compound levers The fiower is usually ap- 
plied to a crank, c, and the weight i.s attached to a drum, d. The larger 
wheel, v>, on a given shaft, i.s called the wheel; the smaller one, p, the pinion 

Let c -■ the radius of the crank, d — that of the drum, m — the product 
of the radii of the pinions, and n = the product of the nidii of the whei'K 
Then, n^lecting friction, 

w eight _ r . H 
flower m .d 

Instead of the several radii, we may of course use the cotresjionding diam- 
eters or circumferences; and. us the teeth are necessarily of equal “pilch" 
(length, measured along the cireumference), the iiumbei of teeth on a wheel 
or pinion is usually taken instead of the radius. 

When the ratio. , is great, the system is said tc> be of high gear, 

flower 

When that ratio i.s small, we have low gear. 

Compound levers and gearing are used for converting low into high veloc- 
ity, &R well as for lifting great w'eights by means of small jiowers. When 
used for increasing the velocity, the position.s of power and of weight are the 
reverse of those shown in Figs. 87 and 88. 

206. Whenever the power and the weight balance each other, either 
in a single lever, or in a connected sy.stem of levers or leverages, of any 
kind whatever, then if we suppose them to be put into motion about the 
fulcrum, their respective velocities will be in the same fuuportion or ratio 
as their leverages; that is, if the leverage of the power m 2. 5, or 50 times ns 
great as that of the w'eight, the power will move 2, 5. or .50 times as fast 
as the weight. Therefore, ^ ob.serving the.se velocities, we may determine 
the ratio of the leveragc.s The weight and tlie power are to each otuer, 
therefore, inversely as their velocities, as well as inversidy as their leverages. 

207. No mechanical advantage is gained by merely increasing the len(fth 
of a lever, as by curving it, as at abo, Fig. 4, If 13, or by giving it an in- 
clination to the line of action of the power, P, as at n m, o u or o n. 
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208. Thus, in Fig. 89, representing a bent lever, a f h, the len^h of the 
lever, or of any of its members, as / 6, must not be confounded with the arm 
or leverage of the force acting upon the lever. These may or may not Ijc 
ctpial. Thu.s, the member / o is much longer tlian the member / a; yet, if 
t he arms. / a and / c, of the forces or weights are equal, the weights •• and m 
must also be equal in order to insure equilibrium 



20J>. If the Height m be removed, a force c, or «, or y, or d, with leverage 
■- e\ y', d\ respectively, may be applied at any point, as h, to balarice the 
moment of n. In any ease this force uui-^t be such that 
force X Its leverage -- n a f. 

Hence, 

leverage ttf force' 

210. Hence also the force required is / cst » hen, as at y, it is perpendiculnr 
to the length of the member / b: f(*r the levciage which evidently cannot e.- 
rrd f 6) is then greatest The force required increases as it deviates in 
either direction from the line 6 // (perpendicular to f b) and approaches mor« 
nearly to the threction of / 6 itself; for its leverage then constantly decreases. 
No force, however great, could balance the moment of n about f, if applied 
in the direction / 6, or 6 I: for '■iich a force winild have no moment about f. 

211. Wimilariv. in Fig 90, the moment, about a, of a load W, placed a* ^ 
is — W . a c, or t he same as if it were placed at c, and not => W . o V 




Fimr. 90. 


212. In Fig.s. 91, also, the moments W.o e and W'. o'e', of the equa! 
weights, W and W', are equal. But if forces, p and p\ be applied in direc- 
tions perpendicular to the longer beam, o t, the levera^ o i oi p b^omes 
about 6 timfts that (o' V) of p'. Hence a force, p, applied at t, has about the 
same bending moment as a parallel force ~ 6 p, applied at 
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STABILITY. 

213. Stability. Figs. 92. If the re.sultant, R, Fig. (a), of the force P 
and weight W. falls beyond the base, as shown, then the overturning moment 
of P, Fig. 92 (6), about the toe n. will exceed the moment of stability of the 
weight W about the same point, and the body will overturn about n. If not, 
it will stand. 

214. Assuming stability against overturning, the body will slide if the 
Oorizontal component, h, of R. Fig. 92 (a), exceeds the frictional and other 
resistances. 

216. In practice, the toe, n, or the ground beneath it, might yield if the 
stone revolved upon it, or if R fell near n (see 145, etc.) ; but this is a 
question of strength of materials. Cement, clamps, etc., betwmi the ba.se 
and the ground, would add a third force, and thus change the problem. 



Fiir. 92. 



Fl|f. 9.3. Flic. 94. 


216. Owing to the greater leverage. Fig. 93, of W about «, the moment 
of stability is much greater about a than about h. 

217. In Fig. 94. let G =2 lb.s.; <7 = 1 lb.; leverages = 3, 4 and f> ft , as 
shown. Then the moment of stability of the rectangular body, G, against 
a horizontal force. P, is = 3G = 3X2 = 6 ft. -lbs.; and the moment of the 
lower triangular body, is = 4 ^7 *=> 4 X *1 = 4 ft -lbs.; so that, although the 
larger body weighs twice as much as the smaller one, yet its moment of 
■tabilitv is only 1.5 times as great. 



(«) (6) 


Flif- 9.-5. 


218. Work of Overturning. In Figs. O,”) (a) and (6), let the shaded 
portion of each figure be of lead, and the remainder of wood, and let the 
center of gravity of the entire body, in each ca.se, be at G. Then, since the 
weight, W, is the same in both cases, as is also its leverage of stability, about 

o, “ 2 ’ moment of stability, “ fc.W, is the .same in both cases, as is 

also the force, P, required to balance that moment when applied at a given 
elevation, e. As overturning proceeds, the weight, W, rernaining un- 
changed, the leverage and moment of stability, and the overturning moment 
requ^d. deereaso. becoming 0 when the bodies reach the positions 
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shown by the dotted lines. If the elevation, e, remains constant, the force, 
P, required for overturning, decreases in the same proportion as the lever- 
age, etc. 

219. But in order that the botlies may be overturned by the force of ^av- 
ity alone, they must be brought into the po.sitions shown by the dotted lines. 
This requires that the weights of the bodies be lifted through a height =“ the 
distance, h, through which their centers of gravity, CJ, are raised. Hence 

work of overturning = W.A. 


Since h is greater in Fig (b), the work of overturning is greater in that case. 

In civil engineering wc are generally concerned with the amount of the 
force which will beoin overturning, rather than with the amount of work 
lequired to complete the overthr'W 

220. Stability against ovei turning is of course affected, and may be in- 
creased, by forces other than the weight of the body itself. Thus, the 
stability of a bridge pier is ordinarily increased by the weight of the bridge 
itself if this be brouglit ufion the pier symmetrically. Otherwise the weight 
of the bridge may eitlier increase or diminish the stability of the pier, accord- 
ing to circumstances. 

221. The coefficient of stability, in any given case, is the ratio of the 
moment of stability to the overturning moment. Or, 


Coefficient of stability 


moment of stability 
overturning moment' 


222. Let the weight, W, of the stone in Fig 96 be 10 lbs., G its center of 
gravity, and o a ^ 2 feet. Then the moment of the w’eight about o, or the 
moment of stability about o, i.H 10 X 2 = 20 ft.-lbs.; and, if o n *=• 5 feet, a 


force P ^ = 4 lbs., will just hold in equilibrium the moment of the 

weight, so that, except at the corner, o. no pressure will be exerted upon the 
base o m, although the stone remains in contact with the base. If the force 
P exceeds 4 Ib.s . the .stone will begin to turn about o. If P is less than 4 tbs., 
the stone will exert a pressure upon the base o m. 

Let the stone be supported at o and at m only. The leverage of the sup- 
porting force 11, at m, is the length o m of the base, ■■ 1. Let P =■ 1 and 
base o m 4.5 ft. Then, for equilibrium. 


W . o g — P.on — R.om = 0; 
or, 20 ft.-lbs — 1 X 5 = 1.5 X R; 

or. R = = 3.33 lbs. 

4.5 


In other word.s, a vertical upward force, R, of 3.33 . . . lbs., at m, will 
maintain equilibrium. 



223. In Fig. 97 (6), let g be the center of gravity of the load W and the 

table, combined. Fig 97 (n). Then, upward reaction of b - — Those 

1 o 

of a and c may be ^imilnrly found. 
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^ horizontal force exerted at the crown by the 

Im-hand half of the arch, against the half-arch shown, and e its leverage 
about 0 . I^t W be the weight of the half-arch with its spandrel, acting as a 
single rigid body, and I its leverage about o. Then, for equilibrium, we have 


A . e = W . 7 ; or A =- 

e 



Fig. »8. Fig. 90. 


Stability on Inclined Planes. 

925, Stability on Inclined Planes. Fig. 99. Here, as in H 213, if the re- 
sultant, ^ of the force P and weight W, falls beyond the base, — i. e., if the 
overturning moment exceeds the moment of stability, —the body will over- 
turn. If not Jt will stand. 

The force, P, in any given direction, required to prevent overturning, is 
= the anti-resmt^t. A, of weight W and reaction R; and reaction R «= 
anti-resultant of force P and weight W. 


~ NeK.l«cting friction, as in Fig. 99 (o). R will be normal to the plane. 
Taking friction into account, Fig. 99 (6), R may form, with a normal, N, to 
the pune, an angle, a, not exce^ing the angle of friction ^tween the body 
and the plane. R may be either uphill or downhill from N. 


287. In Fig. 100, the body B has less stability against overturning about 
Its to^ a, than has the similar body. A, when the force, n, tends to upset it 
downhill; but a greater stability than A against overturning about c under 
the action of a force tending to upset it uphill. 


2^. The body C, which would upset if upon a horizontal base, would be 
^ble against overturning if plac^ upon an inclined plane, as at D. Assum- 
ing a o ■■ f c, a given upward vertical force would have the same overturning 



a o € o 


Fig. 100. 

moment, whether applied at a or at c. But a given horizontal force, applied 
^ny given height, as at g, has a greater leverage, g o, when pushing down- 
hill than when pushing uphill. In the latter case it.s leverage i.s only g t. 

,229. Structures built upon slopes are liable to slide Thi.s may V>e ob- 
viated by cutting the slope into horizontal steps, as at d y. Fig. E; but the 
vertical faces of such steps break the bond of the masonry; and, moreover, 
the joints being moi^ numerous, and the mortar therefore in greater qimn- 
rity, on the deeper side, « d, than on the shallower uphill side, e y, the .struc- 
ture 18 liable to unequal .settlement, the downhill .side settling mo.st and tend- 
ing to split away from the uphill portion, as might be the case with a founda- 
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tion firm in srjme parts and compressible in others. Hcncc, when circum- 
stances permii . ir preferable to level off the foundation, as at d v; or, if the 
structure has to withstand downhillward pressures, v should be lower than 
d, and the course', of masonry laid with a coricsponding inclination. 

THE CORD. 

330. The Cord. Figs 101 (a) and (6) and 102 (a) and (6). In lit 2.‘10 
to 239 we deal with cords supposed to be iierfectly flexible, inextensible, 
frictionless, weightless and infinitely thin. 



Fig:. 101. 


231- Let P be the external force applied to the cord at the knot or pin, o, 
and let R be the resultant of the stresses, «i and «a, or o a and o b, in the two 
segments, o m and o n. of the cord. Then, for equilibrium, R must be equal 
to and colincar w'ith 1*. 

232. Knowing the amount of P ( H). the tensions «i and may be 

found by mean.s of 1, 30; and, vice versa, given «i and a», we may find R 
( -■ P) by H 35. Or see ^ 40. 

233. If, in Figs, 101 (a) and (6), the force P be applied to the cord, at o, 
hv inoan.s of a fixed knot, incapable of sliding along the cord, so that the seg- 
ments, o VI and o n, of the cord, are of fixed lengths, and the angle, z + y, 
between them, of fixed magnitude, then the force may be applied in any 
direction, as P or P', {)a.s.sing betw’cen the tw’o si^ments of the cord; and the 
components, and «», will be equal only when R (P produced) forms equal 
.ingle.s, X and ;/, with the two segments of the cord. If the direction of the 
iorce, as P", coincides w ith either segment, as o v, of the cord, that segimcnt 
transmits the cni ire force, P", and the other segment none. 



234. But if, 83 in Figs 102 and 103, the force P be applied to the cord by 
means of a frictionless ring, slip-knot, pin or pulley, etc., then, for equUil^ 
riura, the two stresses, «i and must be equal, as must also the two ang^ 
T and y; and, if we suppose the direction of the force P to be ohaneed, as to 
I . the pm and the cord will readjust themselves, as indicated by the dotted 
line.s in Fig. 103, until the pin finally comes to rest at that point, o', where 
the angles, x' and v\ are equal, and idso the stresses, »i' and si'. 
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235. Even though the pin or pulley be rigidly fixed to some external ob- 
ject, as at 0 , Fig. 104, yet, if there is no friction at its axle, or between it 
and the cord, the components, si and will still be equal, and their resultant, 
R, will bisect the angle, x + y, between them. In other words, the angles, 
X and y, will be equal. 


File. 104. 

236. When the pin is movable. Figs. 102 and 103, to find the position, o, 
Fig. 105, which it will assume. From the end. n, of one of the segments, o n, 
of the cord, draw n v parallel to P. From the end, m, of the other segment, 
with radius m o -j- on, - length of cord, describe an arc, cutting n v in d 
Bisect n dine. Draw co normal ton v, intersecting m din o. Then o is the 
required point. 

237. Whether o be a fixed knot or a movable pin or pulley, it i.s always is 
the circumference of an ellip.se whose foci are at the ends, m and n, oi the 
cord. 





238. From the foregoing it follows that, if o, Fig. 106, be a fixed knot, and 
if the other pins or pulleys, etc., are frictionle.ss, the stress a o, or «i, will be 
transmitted uniformly throughout the left segment of the cord, from o to its 
end at m; and b o, or $$, throughout the right s^ment, from o to n. 
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239* Caution. Note that, in Fig. 107 (6), the stresses in all the cords are 
twice as great as the stresses in the corresponding cords in Fig. 107 (a), 
although each Fig. shows a load = 4 susiiended from the pulley. Thus, if 
the weight lie that of a man, hanging by the rope, and if the rope, in Fig. (a), 
be just sufficiently strong to hold, it will break if he gives one end of the rope 
to another man to hold, or makes it fast, as in Fig (6). 



The Funicular Machine. 

240. When the angles, x and y. Figs. 101, etc., are very great, a very small 
force, P, will balance a very great .stress, «i or Sj, in the cord. When x ~ V 
:= 90°, we have cos x “ co.s y =- 0. and «i = »2 - infinity, however small P 
nay be If a line, m n, joining the ends of the cord, is horizontal or inclined, 
tlie weight of the cord itself acts a.s a force P. Hence 

“There is no force, however great, can stretch a cord, however fine, into 
a horizontal line that shall be absolutely .straight, ” 

241. The funicular machine takes advantage of the fact that, when the 
total angle, x -H y. between the two .segments of the cord, approaches 180°, 
a small force. P, may balance great .stre8.se.s, «i and «•.> Thus, in Fig 108, let 
W reprc.sent a heavy boat (seen in plan) which is to be hauled ashore. One 
eml of a rope being made fast to the bow of the boat, the roi>e is passed 
arnumi one smooth post, n, to another, m, around which it is given one or 
niore whole turn.s ; and a man stands at the end, e, to take in the slack ; while 
others, taking hold of the rope between m and n, pull it, in the direction of P, 
into a position m o n. If the two angles, x and y, are equal, the component 
in the segment o n exceeds P, so long as the an^le x exceeds 60°, and a 
pull, equal to this component (except m so far as it i.s reduced by the rigidity 
of the rope and by its friction against the post n), is exerted upon the boat at 
W, lirawing it a short distance up the beach. The rope is then .straightened 
again, from m to n, by taking in the .slack at e, and the opera! ion is repeatdl 
as often as may be necessary. 




The Toggle Joint. 

242. The toggle joint, Fig. 109, is simply an inversion of the funicidar 
machine with a fixed knot, the force P and the components, and »•», being 
pushes or compressions, instead of pulls or tensions. The joint being un&ble 
to move along the arms, the force P may be ai>nlied in any direction at pleas- 
ure, but it 18 usually exerted in a directiu' forming approximately equal 
angles with the two arms. 


16 
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The Pulley. 

243. FiRS, 1 10 show the relations of stresses and weights in several ar- 
“angemeuts of fixed and movable pulleys. Thus, in (a), 1 tb. 

1 lb., in (6) 2 in (e) and in (d) 4 !!)?•. In each case, if the hodie?, or 
w sights be aCt m motion, their velocities are inversely as their masses. See 
•f 206. 



244. The simple pulley. Fig. 1 10 (n), is used .simply for convenience of 
changing direction of stre.ss, for the forces at the two ends of the cord are 
equal; but in the compound pulley. Figs 110 (6), (c), (d), a small force (the 
“power"), moving rapidly, at one part of the rope, balances a greater force 
(the "weight"), moving .slowly, at another part Hence, the comnouml 
pulley is used for the purpase of overcoming great resistances slowly, by 
means of small forces, moving rapidly. 

245. To set such a sy.stem in motion * (t e . to rai->e the " weight ") re- 
quires that the eouilibrium be disturbed by making the “iwwer" exceed the 
stress in the cord due to the “weight ” But the motion, once generated, 
will continue indefinitely if the "power" is made sufficiently greater than the 
"weight" to balance the resistances of friction, etc. 

The Loaded Cord or Chain. 

246. In Figs. Ill the principle of the cord jxilygon, H H 86, etc., is applied 
to the case of a flexible cord or chain, sustaining hiur loads, r>i . • • Pi. 
at fixed point.s, and exerting a horizontal t pull, II, at its lower end, and an 
inclined pull, R, at its upper end. The loads, pi . . . p 4 , are represented 
by the vertical line, 0-4, rig. Ill (a); the horizontal pull, H, by 0-c; the 
amount and direction of the inclined pull, R, at the uptier end of the cord, by 
4-c, and the tensions in the segments, 1-2, 2-3 and 3-4, by the rays, 1-c, 2-c 
and 3-c, respectively. 

247. The horizontal tension, H ( *=» the horizontal component of the ten- 
sion in each .segment), is uniform throughout the cord; but the vertical 
component of the tcn.sion in any segment i.s equal to the sum of the loads 
between that segment and the pulley, m. Thus, the vertical component 


♦ Sec foot-note (♦), f 1. 
t See foot-note (<’), ^ 249. 
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(0-2, Fir. a) of the tension, c-2, in segment 2-3, is ■= pi + ps; that in seg- 
ment 3-4 IS 0-3 " jh t +■ Vm etc. 

348. If all the Ioa<is (including W) he increased in tiie same proportion, ns 
indicated by the dotted lines in Kig 111 («), or diminished in the same pro- 
portion, the now triangles, c’ 4' 0, etc.. Fig (a), will be similar to the old, 
and the profile of the cord. Fig. (/*). will remain unchanged, although the 
stresses in its .segments will of couise be inciea.scd or diminished in the same 
proixiition. 

349. In 1' ig. Ill we make the weight, W, which is necessarily equal to 
the hon/ont;d* pull, H (see The Cord, 230, etc.), equal also to the 





sum of the loads, pi . , . When this is the case, the cord segment, a-4, 
next fo the supjjort, a, and the corresponding line, r-4. Fig. (o), will be in- 
clined 4.'j“ to the vertical. 


^0. But if, while the loads, pj . . . remain iinohanged, we raise the 
pulley wi, so as to keep H horizontal,* we .shall obtain a flatter curve, as in 
cig 11-; and, for equilibrium. 11 ( == W) must be made greater than the 
sum of pi . . . Va On the other hand, if we place the pulley, m. lower 
i 11 (still keeping 11 horizontal), we obtain a deeper curve, as in 
r Ig 113; and 11 ( = W) must be made lees than the sum of p) . . . p^. 


♦ In Figs. Ill, 112 and 113 we .suppose the weight. W, and the no 
the pulley, m, to be so adjusted, relatively to the support, a, that the 
shall remain horizontal. 


sition of 
pull, H. 
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ARCHES. DAMS, ETC. THRUST AND RESISTANCE UNE8. 
The Arch. 

Jn 1i1[ 251 to 257 are given the elements of the commonly accepted theory 
of the arch. For practical considerations, see 258 to 266, and Stone 
Bridges. 

251. If Figs. Ill, 112 and 113 be inverted, the cord .segment.s wiil repre- 
sent struts, sustaining compression, as do the stones of a masonry arch. Fig. 
114. 


Thrust JJne. Reshstaneo Jdne. 

252. In the case of an arch, P'lg 114, assuming * that the horizontal thru.st 
II, at the crown, m, and the reaction, R, of the .skewbaek, a, act at the center 
(or at some other definite point) of crown and of skewbaek, resiieet ively, 
their amounts, and the direction of the reaction. It, may be found by means 
of the Force Triangle, H 51, or by Moment.s, 1! 224. (See H 257.) We then 
suppose the half -arch and its spandrel to be divided, by vert ical planes, * Fig, 



114 (b), into a number of segments, as shown; and, finding the weight and 
the center of gravity of each such segment (see Uf 257 and 266), we treat 
these s^ments as we treated the loads, pi . . . p., of Figs. Ill to 113, lay- 
ing them off from 0 to 6, Fig. 114 (a), and laying on 0-c horizontal and == H. 
The rays, c-1, c-2, etc., then give, theoretically.* the directions aad amounts 
of the pressures exerted by the segments. 1, 2, etc., respectively. 

The broken line, mde f . . . .a. Fig. 114 (6), thus formed, is called the 
thrust line, or line of resultants. It corresponds with the cord polygons of 
Figs, 111 (6), etc * 

253. The resistance line is a broken line joining the point.s where the 
several resultants, forming the thrust line, cut the respective joints between 
the arch stones. 

254. When the planes, by which the arch is su[>posed to be divided into 
segments, are vertical,* as in Fip. 114 (ft), and, indeed, in moat actual 
arche.s, the thru.st and re.si.stance lines. Fig 115, practically coincide; but if 
the.se planes are far from vertical, as in Fig. 115, the two lines separate, the 
rehi.stance line being alw’ays the outer one. 

Thu.s, in Fig. 115 (where the thrust line is shown .solid, and the re-sistaacc 
line dotted), noticing where resultant a cuts joint A, where re.sultant b cut.s 
;joint B, etc., it will be seen that the two lines practically coincide as far as to 
joint (', where they begin to diverge. 


* See Practical Cunsideratioii.s, f If 258. etc. 



ARCHES. 


431 


In ^ 252 we assumed that the arch and its spandrel are divided into 
vertical segments, incapable (except in the arch ring) of exerting other than 
vertical pressures. The theoretical resistance line, thus obtained, may, 
especially in deep arches, pass from the thickness of the arch ring in places; 
so that, if no other forces were acting, the arch would open at such places; 
on the intrados when the resistance line cuts the extrados, and vice versa; 



Flic. 115. 


but such opening is usually prevented by other forces, .‘^uch as the hori 2 onta\ 
or inclined nre.ssure8 of the spandrels. The actual resistance line is thus 
confined within the thickness of the arch ring. In general, the actual resist- 
ance line. Fig. 116, approaches the extrados at the cmwn, and the intrados 
at the hauncne*!, .so t hat the arch tends to sink at the crown (opening there 
on the intrado.s), and to rise at the haunches (opening there on the extrados), 
as shown. 



256. In order to avoid any tendency of the joints to open at either side, 
the arch should bo .so designed that the actual resistance line shall every- 
where be within the middle third (see 14.5, etc.) of the depth of the arch 
ting. 

257* In general, the design of an arch i.s reachetl by a series of approxima- 
tions. Thus, a form of arch and spandrel must be assumed in advance, in 
firder to find their common center of gravity for the purpose of determining 
the horizontal thrust, H. and the skewback reaction, R, as in ^ -52; and, ii 
it is afterward found nece.ssary to modify the form first assumed, in order to 
satisfy the requirements of Ij 2.50. or for other reasons, w'e may have to re- 
compute H and R, again modifying the de.sign, and so on. 
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Practical ronslderations. 

25S. While the theoretical thrust and resistance lines, baf^d upon the 
foregoing ashumptions, are easily found, much uncertainty exists as to the 
positions of the actual thrust and resistance lines in a masonry arcti. 

259* In tJie finst place, we do not knot\ through what jioints in the crown 
and skewback, res/»cctiv"eJy, the resuh ants, 11 and I{, 

t}60. Again, we have assumed that the loads on the arch, like t hose on tlie 
Cord, Figs. Ill to 113, are incapable of acting otlierwisc than vertically; 

hereas the sparulrel walls and hlling, which form a large portion of the load 
on a masonry arch, may offer resistances acting in other direction If the 
loading were a liquid, like water, Us pressures up»n the aich ring would he 
radial, like those of the particles of steam, in a boiler, upon the boiIiT tubes; 
and this con<lition is probably more or less closely approximated in the case 
of a loading <,f clean dry sand; ami, less closely, in the case of earth filling. 
Hence, altii- Jigh tlie determination of the theoretical thrust ami lesi.^tance 
lines in an arch is facilitated by the assumption that the arch is correctly 
represented by the inverted cord, the distinction between the two cases must 
lie borne in mind when drawing practical conclusions from the line.s so found. 

!J61. Thu", in many cases, the theoretical thrust and resistance lines cut 
tlie intrados or the extradas in place-, thus parsing entirely out of the arch 
ring; so that this would inevitably fall (.'^ee 255), were it not for horizontal 

or inclined resi'>tances everted by the upfier parts of the abutments through 
the spandrel walls and filling 

262. Hence, in order to determine the actual rcsi.^lancc line, ^^e should 
not only have to know through what points, in crown and in skewback 
respectively, the resultants, H and R, pa&s, but we should also have to ascer- 
tain and take into account the iiossihle horizontal and inclined resistances of 
the spandrel walls and filling. liui, as this i- ordinarily impracticable, we 
content ourselves either with determining the theoretical thrust and resist- 
ance lines, Q.> directed above, and then rUimating, as well as may be, the 
resistances of the .spandrels, or with lea'.oning by analogy from the behavior, 
of actual structures. See St<»ne Brulges 

263. If the inverted cord correctly represented the actual thrust line in 
a masonry arch, the arch .stones, m elliptic or m deep segmental arches, 
would liave to be made inordinately deep, in order that the resistance line 
should nowhere leave the middle third of their depth (sec *^*[1 145, etc.); 
and it might theieforc appear rational to make the profile of the aich corre- 
spond appro.ximately with the thrust line, which u.sually approaches a para- 
bola. But, owing to the spandrel resistances, the actual thrust line, even in 
semicircular arches, probably seldom greatly oversteps the middle third. 

264. With a wall or a deep continuous filling, over an arch, if t he arch were 
to .settle, or were to be removed, the wall and the filling .above it would form 
an arch, as indicated by the broken lines m Fig 117; and only that jwirtior 






Fiff. m. 


below this arch would fall out. Hence, only this portion can profiorly be 
regarded as pressing upon the arch. 

265. Neglecting the strength of the mortar, the inclination of each joint 
between two arch stones must of course bo such that the angle, lietween 
the thrust, at any joint, and a normal to that joint, shall be less tlmn the 
angle of fric* .')!'. See 183, 181. 
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266* It is often the case that the spandrels or the Rjiandrel filling are of 
less si>ecific gravity than the arch ring. In such cases, in order to facilitate 
the finding of the lines of gravity of the segments, we may. before dividing 
the half-arch and its spandrels into vertical segments (*' 252), consider the 
lighter structure of the spandrels as being reduced to :in equivalent deptli 
of material having equal specific gravity with the arch, ihe areas of the 
'.everal segments, as seen in profile, and as thus reduced, may then be taken 
a' repH'seiifirig Iheir weights. Thus, in Fig. 118, wheie t I i represents the 



fop of the spandrels, the curved line c e e ^epre^en»^. the top oi a filling dl 
equal weiglit j»or foot run with the spandrels, but of equal -jiecific gravuv 
w jth the arch ring. When, as in Fig. 119, the spandrels con-ist of a series of 
transverse arches, we may assume that the main arch c.Trri»s a -^riesof lCK»tls 
c<»noentratod at tlic piers of these transverse .arches. 



FIk. 119. 


The Masonry Dam. 

267. A dam must be secure against sliding, on its base or c n any plane 
within the bixiy of the dam, against overturning, and again*:? crur^hing of the 
material at an> fioint and consequent opening of a 'earn at cither face of the 
darn. 

268. I'he darn v ill be secure against sliding if the resultant nf all the prp*^- 
.sures, upon any surface, forms, with a normal to that surface, an angle 
less than the angle of friction of the .surface. See 1S3, etc. In 
practice, the base of the dam is let well down into the rock foundation, as 
Indicated in Fig. 122 (a), and continuity of joints is avoided by making all 
the .stones break joints. The angle of friction thus becomes in effect, 9b°, 
and sliding cannot occur without .shearing the stones themselves. 

269. If the material is sufficiently stnmg to resist criushing. under the 
maximum unit stre.s,Mes brought upon it, and if the resultant of all the force.s 
acting upon any section falls within the iKwly of the dam, the dam will be 
secure against overturning. But see 11 270. 

270. For a given total pressure upon any .section, the maximum unit 
pressure in the section would l>e least when the resultant cut the middle 
jHiiut o' the section. Bee Center of Pressure, 133, etc. It is generally 
vmpi’acticable to secure this; but the dam must be so designed that, under 
the maximum unit pre.ssure, the given materi^ shall not be taxed beyond 
Its safe crushing sti-ength. If this is done, and if, under all conditions, the 
center of pressure is kept within the middle third (see t 150) of each hori< 
eontal section throughout the dam, there will be no tendency to own on 
either face of the dam. 
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271. Let Fig. 120 represent a stone block, resting upon a solid founJation 
and intended to sustain the pressure, p, of quiet water on one side. Through 
the center of gravity, g, of the block, drawt/N vertically, to represent the 
weight, W, of the block. Then the point, s, where o' N meets the foiindat ion, 
i.s the center of pressure for the block alone, t e , when the water is removed. 

272. Let h be the depth of W'ater back of the block, and let the block be 
one foot in length, measured normally to the paper. Then the amount, in 
pounds, of the water pressure, against the vertical back. a h, is p ^62.5 hX % K 
and its center of pressure is at a depth, d ~%h, below the water surface. 

273. Combining p with W (f 35) we obtain R as their resultant, and r 

as the center of pressure upon the foundation when the block is sustaining 
the water pressure. * 

274. Let J’lg. 121 repre.sent several such block.s superposed Let 

gi = cen of grav, Pi = ccn of water pre.s, for block 1 ; 

g 2 — “ “ “ Pi == “ “ “ “ “ blocks 1 and 2 combined; 

Oi Pi = “ “ “ “ " “ 1, 2, and 3 combined, 

etc 

Ihen, finding n and 8|. r. and «.•, r, and #<, etc , for joints 1-2, 2-3, 3-4, 
etc , as before, w’e nave the points >■], r.., r,,, etc , in the resistance line for full 
dam, and the fKiints ai, s-j, sj, etc , in the resi.stance line for empty dam. 



275. In Fig. 122 (a) the curve.s, u u and d d, indicate the uji-stream and 
down-stream limits, re.spectively, of the middle third of the plane separating 
each two blocks, assuming the profile with vertical back; and the points 

Ti. . . .Tj and «} ar are points in the corre.sponding resistance lines for 

full dam and for empty dam respectively. 

276. While theory would require the croas-.section of the dam to terminate 
in a sharp angle at the top, it is, of course, always made heavier in practice, 
as indicated in Fig. 122 (a). 

277. For joint 2-3 we may suppose that block 2 had at first been designed 
rectangular, as shown by dotted line c a (Fig. 122 (c), showing blocks 1 and 
2 enlarged); but this makes the center of pre.s8ure, r', for the full dam, fall 
beyond the middle third of the narrow base, a 6. We therefore try the trape- 
zoidal shape c i b, with its wider base, i b, and find that, with this, the center 
of pressure, r., although further down-stream than before, falls within the 
middle third of said wider base. The remainder of the urofile is determined 
by similar trials. 
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278. Graphic Method. Suppose the cross-section to be divided, 
horizontal sections, into numerous blocks. 1, 2, 3. 4, etc,, of a depth approxi- 
mately *= the top width of the dam. In Fig. 122 (h), draw 0-1, 1-2, 2-3, 3-4. 
etc., vertically, to represent, by scale, the weights of the several blocka 
respectively, and 0-1', l'-2', 2'-3', 3'-4', etc., horizontally, to represent 
the water pressures against said blocks respectively; and draw I'-l, ^-2, 
3'-3, 4'-4, etc., representing, in amount and in direction, the total inclined 
pres.sures upon joints 1-2, 2-3, 3-4, etc., and upon the base, respectively. 
Thus, 2'-2 represents the resultant of the water pressure (see Hydrostatics) 
upon blocks 1 and 2, and the combined weight of those blocks. From the 
points, o\, 02 , etc.. Fig. 122 (c), where these two forces meet in each case, draw 
oi T\, ©2 r 2 , etc., parallel respectively to I'-l. 2'-2, etc.. Fig. 122 (6), to the 
corresponding joint. We thus obtain points, T\ . . , ro. in the resistance 
line for the case where the dam is filled to the assumed depth. 

The foregoing refers to the diagram for a dam already completed or de- 
signed. In designing de novo, we of course begin at the top, and lay off 
the lines 0-1, 0-1' and I'-l in Fig. (h) for the first block; then lines 
1-2, l'-2' and 2'-2, for the second block, and soon; making necessary 
changes, as in ^ 277. 


(b) 



Fl|r. 122. 


279. In order that the resistance line, n . . . re, for the full dam, may 
be brought well within the middle third, it may sometimes be necessary to 
adopt a somewhat unwieldy rn>ss-section ; but, in view of the imminent 
danger involved in the smalle.st oi>ening on the up-stream side of the dam, 
(see H 281), it is well here to err on thesateside. 

280. As this process is carried further down, the angle formed between 
the down-stream face and the vertical becomes considerable; and the middle 
third, in each of the lower joints, is thus brought further down-stream. 
The centers of pressure. «t • • • f«r empty dam, may then fall beyond 
the middle third, on the up-stream side, as indicated at joints 5-6 and 6-7. 
To obviate this, the up-stream face is sometimes given a curved profile, mm 
a*, m n. 
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Practical Considerations. 

281. The assumption of Ideal conditions is particularly (lanp:er> 
ous in the case of masonry dams. Tium, any compression of the material 
at the down-stream face may open seams on the up-stream face ; and water, 
entering these seams, will evert a w'edge-like action, shifting the resistance 
line further down-stream, thus htill further increasmjr the tendency to crush- 
ing on the down-.stream face and to opening on the up-stream face. Again, 
if any relatively .smooth joints have Wen loft, the water, thus penetrating 
into or under the dam, increases the terulency to slide, not only hv dimmi.sh- 
ing the effective weight of the upper portions, but also by acting as a lubri- 
cant upon the seam where it penetrates 

It has been suggested that failure.-, of dams mj^y have been occasioned, 
in part at least, by vacuum, formed in front of the dowui-stream faci*. by the 
action of the .sheet of water falling in front of that face. 

282. Theoretically, the deflections of arches, dams and other stiuctures 
composed of blocks, may be found by means of the formulas in 102-167 
of Trusses; but, owing to uiicertainty a.s to the values of the moduli of 
elasticity, E, of building stone.s and of mortar, and to the relative inaccu- 
racy of tiiiL-'h in masoniy work, the formulas arc of but little practical 
value in such ci-es 


THE SCBEM. 

283. The .-lOrew is a .sjriral inclined plane. The force (or “power") dr‘- 
senbea a spiral, at the end of a lever arm, while the rc.si.stance (or “weight ”) 
moves along the axis of the screw. During the time in which the force 
makes one revolution, the re.sistance traverses the “iritch," or (listance be- 
tween the centers of two adjacent threads 

284. Hence, if P = prower, tr ^ weight, d = pitch. I - lever arm, v 
rectilinear velocity of weight, and V linear (circular) velocity of power, 
ve have, theoretically:* 

tc V 2 IT / 

P c .1 ■ 


* Neglecting friction, which, howet«T, very greatly modifies the result. 
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FORCES ACTING UPON BEAMS AND TRUSSES. 


Conditions of Equilibrium. 

2Sr*. In i»eams and trusses, fur equilibrium, it is necessary and sufficient 
that the resist in*r forces, everted by the material of the structure, and the 
inoinents ot those forces, shall balance the external or destructive forces and 
their moments. We here discuss chiefly the destructive forces. For the 
resisting foiees, see Stresses, under Trusses, and Beams or Transverse 
StrenKtdi, under Strength of Materials. 

286. The destructive forces are (1) the loads upon the structure, includ* 
ing its own weight, “live” or moving loads, wind, etc., and (li) the reactions 
of t!ie siqiriorts. We shall here discuss the action of vertical loads only, in- 
cluding (a) the dead load, or the weight of the structure itself, together with 
the roadway, etc., and (b) the live, moving or extraneous load of vehicles, 
trains, persons, etc. The action of horizontal loads (wind, centrifugal force, 
etc ) is governed by similar laws, and is discussed under Stresses, in Trusses. 

387. Let Fig. 123 (a) represent a cantilever, resting upon a support, b, 
and bearing a load, W, at its outer end, a. The cantilever is prevented from 
turning about b, by the tension, T, of a horizontal chain, and by the compree- 
sion, C, in a horizontal strut.* Neglecting the weight of the cantilever 



itself, the cantilever is acted upon by four external forces, forming two 
couples; one couple consisting oi two vertical forces — viz,, the load, W, and 
tlie reaction, R', of the support ; the other couple consisting of two horizont^ 
forces— viz., the tension, T, near the top. and the compression, C, near 
hottom. Were it not for the reaction, R', of the support, h. the load, W; 
Would pull the cantilever downward, as indicated in Fig. 123 (6), 

388. In Fig. 123 (a) we have: 

Algebraic sum of vertical forces — R" — W — 0; 

” “ '* horizontal ” -■ T — C -» 0; 

“ “ “ moments, about any point, as o, 

W.w — R'.r + T./ f r- - 0. 


* In Figs. 1 23 to 1 27, inclusive, and Figs. 132 and 1 33. showing cantilevers, 
beams and part beam.s, acted upon by loads, by reactions, by pulls of c^ins 
and by pushes of strut.s, the arrows denote forces acting upon ike cantilever 
or beam or upon ita aegments, anri not forces acting upon the load, the sup- 
Fiorts, or the connecting chains or struts. Thn.s, the tension in a chain tends 
to draw together the two bodies which it connects. Hence, in these cases, the 
corresponding arrowa point toward each other. On the other hand, the com- 
I'ression in a strut tends to separate the two bodies between which it acta. 
Hence its two arrows point ateay from each other. 
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289. If, as in Fig. 124, the horizontal forces are exerted at the end farthest 
from the support, and at the same distance apart as before, their amounts 
and senses must remain respectively the same as before; but we now have 
compression, C, at the top, and tension, T, below. Or, if Fig. 123 be in- 
verted, R' acts as the load, and W as the upward reaction; and we have, as 
in Fig. 124, compression, C, at top, and tension, T, below. Thus, Fig. 124 
is practically Fig. 123 inverted. 



Fig;. 124. 


290. The condition described in % 289. Fig. 124. represents also the condi- 
tion in each segment, A, B, of a beam, Figs. 125 (a) and (6) or Figs. 126 (eO 
and (b), supported at both ends and bearing a concentrated load, W + 

Fig. 125, or W + 10 , Fig. 126. 




Flff. 125. 

291. Suppose the beam, Fig. 125 (a) or Fig. 126 (a), to be divided 
into two cantilevers, or part beams, as in Fig. 125 (b) or Fig. 126 (b) ; each 
part sustaining, at its end, a part of the original load, (^e t 292.) The 
stresses in the .strut and chain. Figs, (b), take the place of stresses in the ma- 
terial (situated in the dotted line) of the truss or beam. Figs. (a). In a truss, 
these forces are exerted by the chords: in a beam, by the particles or fibers 
throughout the section. 
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292* If, as in Fig. 1 25 (a), the !oa<l i.s at the center of the span, the spans, 
cantilevers, Fig. 125 (b), are equal, as are also the loads, 
W « W, carried by them. But if, as in Fig, 126 (o), the load, W + lo, on 
the msam, is not at the center of the span, the partial loads, W and w, sup- 
posed to be supported at the ends of the two cantilevers, or part beams, re- 
spectively, I ig. 126 (b). are unequal, and inversely proportional to their 
leverages about their re.spective supjwrts. Hence, the moments of the two 
opposite couples are equal. The reaction of each support is equal to the 
weight earned by the cantilever resting uiKin it. 
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End Reactions. 

293. In a cantilever, Fig. 127, there is but one vertical supTOrt; the reac- 
tion, of that support, is » the sum of ail the loads, including the weight 
of the cantilever itself ; and the reaction due to each partial load is «> such 
partial load. Thus, if B « weight of cantilever, 

R' = W + to -i- B. 



Flfr. 127. File. 129. 


294. The reactiem, R', must not be confounded with other vertical forces. 
Thus, a cantilever is often supported as in Fig. 128 (a). The couple, com- 
po.sed of two horizontd forces, T and C, Fig. 127, is then replaced by a couple 
composed of two vertical forces, V and V^ Fig. 128 (6) ; one of which, W', co- 
incides with the reaction, R'. Here, R' + V^ acting upward, is the anti- 
resultant of W, to, B and V, acting downward. 

295. In a beam. Fig. 129, the sura of the two end reactions is — the sum 
of all the loads, including the weight of the beam itself. 

296. The reaction, R, of the left support, a, Fig. 129, due to the load, 

W, alone, is R (see ^ 17), and the reaction, R', of the right 

support, b, is « W — R — W . . If the load is central, ^ = -g- , and 



Fiff. 129. Flft. 130. 


297, Graphically, Fig. 156, suppose a concent rated load, W (not shown), 
to be placed on the beam at any point, as c. Draw a' a" and b* 6*, verticu 
and each ■» W. Join a* b'; also join o' b', and draw g h vertically through 

Then the ordinate, c' g, to the upper line, o* b', and the ordinate, o' b, 
t o the lower line, o' b* give the left and the right end reactions, R and R', 
rf'Sfjcctively. 

298. Where, as in Fig. 130, there are two or more loads (in which the 
Weight of the beam may or may not be included), the reactions due to each 
load may be separately obtainea, the sums of these reactions giving the total 
pactions; or, the common center of gravity. G, of all the loads may first be 
mund (see 125. etc ), and then the reactions found as for a single load, 
W, Fig. 129; the combined weight of the loads, whose center of gravity is a1 
G. being supjiosed concentrated there. 
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399. In a oeam, Fig. 131, under a load, W, uniformly distributed over any 
part of the span, let G be the center of gravity of the load, and let r and y be 
the segments of the span, Z, to the left and right of G respectively. Then. 

neglecting the weight of the beam, R « W ^ ; and R' ~ W •— K = W 



iiiiS- 





f 

V j Y y • > 
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300., If the load is uniformly distributed over the entire span, its center 
of gravity is at the center of the span, and we have: 

X y \ 1 T> T>/ W 

T "r “ 2= R-K--2- 


Aloments and Shears. 

^1. In order to determine what internal stresses are required, at any 
point in the span, to maintain equilibrium, we may suiipose the cantilever 
or beam to be cut in two by a section, c c. Fig. 132 or Fig. 133, at such point, 
and inquire wliat forces must be applied, in the section, in onler to main- 
tain equilibrium and hold in position the two segments, E and F, into which 
the section, c c, divides the span. Fig. 132, or that part of the span between 
the load and a support, Fig. 133. The forces, so ascertaine<l, are evidently 
equivalent to those actually exerted, for the same purpose, by the materi^ 
of fhe beam itself. 

303. In Figs. 132 and 133, moments of loads and of re.aclions, or extern 
nal or bending moments, are indicated by arrows baouf the cantilever 
and beam respectively; while the resisting moments of the in timal for cg 9 
are indicated by arrows xvithin the body of the cantilever or beam re.sjieo- 
tively. 

303. In the cantilever. Fig. 132, the load, tr, ■= 4 lbs., distant 6 ft. 
from the section, c c, produces there a left-hand or negative moment of 6 le «“ 
6 X 4 “ 24 ft. -lbs. Hence, for equilibrium, the horizontal strut and 
chain, at cc, must exert a right-hand or po.sitive re.sLsting moment of 24 
ft.-tbs ; and, being 2 ft. apart, they mu.st exert a tension, T, and compre.s.sion, 

24 

C, of *2 “12 lbs. each. At the supiJort, moment of load “9ie“9X4“ 
36 ft.-lb.s.; and T' - O' - - 18 lbs. 

304. But, considering only the forces thus far di.scussed, we should find the 
right segment, F, acted upon, at cc, by a left-hand couple, — d X T=» 
dXC“2X12- 24ft.-ros.; and, at the supjiort, by a right-hand couple, 
■■ d X T' “ d X C' “ 2 X 18 == 36 ft. -lbs. In other words, there would 
be an unbalanced excess of right-hand moment, — 36 — 24 — 3 R' — 3 X 
4 “ 12 ft.-lbs., acting upon P . F also receive.s, at the support, the upward 
reaction, R', »> 4 lbs., of that support. Similarly, the couple, d X T " 
i X C, at c c, exerts, upon the left segment, E, an apparently unbidanced 
right-hand moment of2X12“6w“6X4-24 ft.-lbs., and E receives, 
from the load, w, a downward pull — 4 lb.s. 

305. P'or equihorium, therefore, the vertical chain at c c must exert a 
^sion “S“ic“R'“4 tbs., pulling F downward, and E upward. The 
downward tension, — S, acting on f* at cc, forms, with the reaction, R^ of 
the support, a left-hand couple — 3R'“3X 4 - 12 ft.-lbs,, balancing 
the excem of right-hand moment acting upon F; while the upward tension, 
+' 8, acting on E at c c. forms, with the weight, to, a left-hand couple, - 6 tf 

6 X 4 “ 24 ft.-lbs., balancing the excess of nght-hand mom. acting on £ 




Hg. 133, the horizontal resistinj;: forces, 3'' and C', by T\hlch the entire 
cantilever (E + F) is upheld, are exerted, not at the support, as in Fig. 
hut at the end farthest from the support. 

308. We have, therefore, in Fig. 1.33, positive (clockwise^ and negative 
counterclockwise) moments, a.s hdlows, acting upon E, about thrower 

end of c c : 

d C' — iS w — d C ^ 2 X IS — 6 X 4 — 2 X 0 = 0. 

Here, d (V — 0 u\ =» 3fi — 24 -- 12, is bending monieiit, hmi — d C, 
'"■ — 12, is rcMisting moment. 

We liave, also, in c c, shear, S =* tc R' — 4 lbs. 

309. In Pig. 132 or in Fig. 133, considering the segment extending from 
the load to either support (in Fig* 132 there is but one such segment), it will 
he seen that, at the free end of any such segment, the horizont^ stresses are 
*ero, and that tliey increase uniformly to a maximum at the other end of the 
segment. Thu.s, in Fig, 132, they incit^se uniformly from 0, at the load^ 
or free end, to 18 lbs., at the support; while, in Fig. 133, they inorea.se uni* 
nirmly from 0, at each support, or free end, to 18 fcs., at the load. 
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Momenta in C'antiloverM. See also pp 437 &c. 

310 . In a cantilever. Fig. 134, each load exerts, about any point between 
Itself and the support, a moment = its weight X the horizontal distance of 
Its center of gravity from such point ; and the total moment, at any point 
is the sum of the moments of the several loads about that point. Thu*! 
neglecting the weight of the cantilever itself, we have : 
alKiut h, mom — A x B u alxuit d, mom = A z\ 
al»out c, mom — .4 »? + /? n ; about .4 , or any point beyond .1, mom — () 



311 . In a cantilever, Fig l.'Io, the maximum leverage of any lo.'id. II , 
is evidentlv its distance, I, from thesuoport, h Hence, tiie maMinuin lieinl- 
ing moment of any load upon a cantilever is at the support, and is ^ 11^ I 
IVom this max, the mom <liminishes uniformly to 0, at the load and at n 

In Fig. 134, the end. h a, i.s uniformly loadeil. and the diminution of mom, 
l>erw b and a, follows the ordinates of a parabola, a.s in m k\ Fig. 1.37. 

311 a. In cant dever.s and beam.s, Figs 120, 131. clorkwiar moment.- .>f 
forces, to the l>ft of a given point, c, about (hat point, are eonsidcred pos,- 
bite, and vice versa. Hasdive moments extend the /ou'trand conipreaa the 
upper fibers, and vice versa. 

312. In Fig. 13.") (b), (cantilever with a -ingle load, IF,) draw 6' r», 
max mom by scale, and join m IF' and tn a'. Then, for any point, c, 

moment = ordinate at c' to line m IF'. 

313 . In a cantilever, Fig. 130 (a), with (wo or more concentrated loads, 
(F and w, let 

6' m, I ig. 130 (h), — moment of IF, at the support ; 
b* m\ Fig. 136 (b), = moment of w, at the .support. 

Then, for both load.s, IF and ti>, neglecting the weight of the beam, 
at (/, moment « moment of IF alone. = ordinate at d' ; 
at r, moment Mim of moments of IF and w, 

-- sum of two ordinates, r' n and c’ ti', at c'. 




814 . In a cantilever, Fig. 137 (a), under a load, W, uniformly distributed 
over a length, /, tanning at the support, b, the maximum moment, at the 
support, 6, IS == W 1/2. 
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In Fif?. 137 (ft), make h* m ^ said max moment, and draw a semi-parabola 
m k , with apex at k* . Then, at any other section, c, the moment is repre- 
sented by the ordinate, c', of said parabola, and is = where w = the 

weight of that portion of W beyond c, and x — the length of that portion. 

At k, or at any point beyond fc, moment = 0. 

315. In tig. 138, neglecting the weight of the cantilever itself, let W repre- 
sent the weight of the whole load, and w, that of the shaded portion, concen- 
trated at their i espective centers of gravity, G and g. Then, 


about h, momoTp — W . x; 

:: :: -w.v, 

o, -,= w . r; 

A, or any point beyond A, 


moment — 0. 



Moments in Beams. 

316. In a beam. Fig. 129, the upward reaction of each abutment exerts, 
*l>out any point, a moment = reaction X di.^tance of support from such 
point; but any load, between such point and the support, exerts a contrary 
moment load X distance of load from such point. Ihus, 

about c, moment =* R' z = R (A — z) — W (y — z). 

.■\t each support, the moment i'- 0 

317. In a beam, Fig. 129, carrying a single concentrated load, W, the 
moment, R'.r, at any point, c, is == R's W ^ , z - R (/ — z) — W (y — z) 


W . ^ (Z — z) — W (i/ — z). At a point, as c, not under the load, the 



i'igr. 129 (repeated). 


Fifr. 139. 


318. From the point, o'. Fig. 139 (b), corresponding to the point, c. Fig. 
(nl, where the load is applied, erect an ordinate, o' m, equal by scale to the 
(maximum) moment, “ R' . iz - R . x, at that pennt. Join a'm 6'. Then 
the ordinate to a'm, or to m 6', at any point, o', d', ef, etc,, represents by 
scale the moment at the corresponding point, c, d, e, etc., in the span. 
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319. When the load, W, is at the center of the span, A Fig. 140, each end 
reaction is » Hence, the moment s', at any point, s, distant y from a 
support, OP b, is 

moment ==- j 

At the center of tlie span (i. e., at the point under the central load, W) 
ire have: 



Flip. (repeateil). Fi|r. 140, 

In order that the maximum moment (at o. Fig. lltO) due to an eccea- 
tric load, W, may he equal to the maximum moment (at center of .span, 1) 
due to a given eonter load, (.', we must have 

W ^.v - C. or W-C j.- ^cl^T 
I 4 4 xy - 

ry 

320. When there are two or more concentrated load'*, r, d, e. Fig 141, 
treat each load as in Fig 139, making each .short orilinate. in, m', m", repre- 
sent the maximum moment of its single load, c, dore, alone. Make the long 
ordinates, M, M' and M* the sums of the separate moment b, us measured 
at e', at d^ and at e', respectively. Then the ordinate to a' .M M' M* b', at 
any point, represents the total moment at that point, due to the .several 
loads combined. 




Flip. 141. Fi|p. 143. 

321. In a beam. Fig. 142, under a uniform load, W, covering the span, li 
the maximum moment is at the center of the span, and is 


W 

" '2*3 3*4 


8 * 


* « / W i 

moment - R.,^ — 


W I 
24 
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Make o'M, by scale, =« the maxitnum moment; and draw the parabola, 
«' M b’, with vertex at M. Then the moment, at any section, as«, is repre- 
sented by the corresponding ordinate, to that parabola. ^ 

Let w and v -- the portions of W to the left and right of a, respec- 
tively. Then, moment at s ^ y ♦ = ^ ^ ^ whole 

load, W, concentrated at s.* 

At either support, moment = 0. 

Jn Fir. 131, at a point, c, under the center of gravity of a load, W, uni- 
foitnlv distributed over a portion, «, of the span, neglecting the w’eight of 
the beam. 


moment 


4 


R.x 


W.a 
~ 8 


li'l/ — 


W,a 


S22. Let W — the total load, whether concentrated or uniform, and let 
2 the sfian. Then the maximum moment, M, i.s as given below: 


Cantilever 

Supported beam t 


Fixed beam.J 


Load, W, at end 
“ “ uniform. 

“ "at center. 
" " uniform. 

“ " at center. 

" " uniform. 


M at suptKirt 

" at center 


" or support 
support 


M 


M - W Z; 
M = ^': 

w z . 

»4‘‘ 

” ~ T2"- 


323, In the inclined beam, Fig 143, the inclined distances may be used, 
in-'tead of the horizontal distances, in finding the reactions. Thus, 

reacthm R' <= W . ^ — W . J/, 

But, in finding moments of vertical forces, we niu.'^t of course use the 
horisontal, not the inclined, distances Thu**, at r. moment R'c; not RV, 



i i 

With W concentrated at a, 

moment at e—W-yy — try — W 


t Beam supported at each end, but not fixed. 
} Beam fixed at each end- 
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324. In curved beams, the same principles api^ as in straight beams. 
Thus, Fig. 144, at «, moment = W . 1. Again, in Fig. 145 (a), reaction R' 

“=> at 8, moment = R' . y. Or, as in Fig. 145 (6), from o, where 

the load is applied, draw o a and o h, to the two supports respectively, and, 
by means of the force parallelogram, find the components, p and q, of W. 
Then, at e. 

moment - p .n. 



Shear. 

325. In the beam, a b. Fig 146 (o), consider the segments, a c and c b, to 
the left and to the right respectively of the plane n n . Be.sides the horizontal 
forces acting across the plane n n, we have seen f*![ 305) that we require also, 
for equilibrium, a vertical force, = the left end reaction. R, acting down- 
ward upon the left segment, a c, and forming a couple with R; and, at the 
same time, acting upward on the right segment, c b, being = the load, W, 
minus the right end reaction, R'. This force is called the shear, S, in the 
section n n. It may be regarded as the transmission of the vertical forces 
from loads to supports or vice versa. 

326. The two segments, a e and c b, thus tend to .slide vertically pa.st each 
other, the right s^ment, c 6, tending downward, owing to the preponder- 
ance of the load, W, over the right end reaction, R'; and this tendency is 
resisted by the .shear, S, which is = the left end reaction, R. The same ten- 
dency exists uniformly between W and a, and is resisted throughout by a 
shear = S = R 

327. Between the load, W. and the right support, b, also, a uniform shear 
exists; but here the shear, S% is »= the right end reaction, R', “ R — W; 
and, wherea.s the shear, 8, to the left of the load was riffAZ-handed or doehwU* 
(the portion to the right of any section, n n, receiving the dovmward force), 
and is called positive, or +, the shear on the right of the load is ^//-handed or 
counterclockwiae (the portion to the left of any .section receiving the down- 
ward force), and i.s called negative, or — . 

328. The shears, 8 and S', to the left and to the right of the load, W, are 
represented by the diagrams in Fig. 146 (6); that, 8, on the left of the load 
being drawn above the zero line, a' 6', to indicate a positive shear, and vice 
versa. 

329. Comparing Figs 146, 147 and 148, notice that, between the left sup- 
port, a, and the load, W, Fig. 146, we have positive shears, S ■» 90, f'ig. 146, 
and 8 = 15, Fig 147; so that, in Fig. 148, where both loads, W and w, are 
placed upon the same beam, we have, between a and W, a total positive 
shear ofS+8*90-fl5“ 105. Between the right support, 6, and the 
load, M>, Fig. 147, we have negative shears. S' •= — 30, Fig. 146, and s' 

— 45, Fig 147; so that, in Fig 148, between b and w, we have a total negiitive 
shear •• S' -I- «' =» — 30 — 45 ^ — 75. But, between the points of appli- 
cation of W and of v\ we have S' «= — 30, Fig. 146, and » = -|- 15, Fig. 147; 
leaving, between W and u\ Fig. 148, « 4- 8' « 15 — 30 “ — 15. If the 
total right end reaction, R' 4 r'. exceeds w, as we here .suppose, the shear, at 
any point between the two loads, W and to, Fig. 148, is negative, as indi- 
oated; and vice versa. 
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330. In any section, the shear is the reaction at either end, minus any 
foads between that end and the given section. 

331. If, as in Fig, 149, the right end reaction, R' 4 - r', is =■ the load, ta, 
then the left end reaction, R -r r, is = the load, W ; and there is no shear at 
any point between the two loads. In otlier words, if the beam be cut by a 
section at any point between W and w, horizontal forces alone will pre- 
serve equilibrium, no vertical forces being required, since the two segments 
have no tendency to slide vertically past each other. 

333. A similar condition exists in any section where the sign of the shear 
changes from f to ^ — or vice versa. Thus, if the beam be cut by a section 
immediately under W, Fig. 146 pr 148, or under w, Fig. 147, horizontal forces 
equivalent to the fiber stresses in the beam, will suffice to preserve equilib- 
rium, without a vertical force, or shear; there being no tendency of the two 
segments to slide past each other. ALso, when, as in Fig. 149, under W 
and under w, the shear changes, in amount, from any value, on one side of 
a section, to 0, on the other side, the shear in the section itself is — 0. 




Q«-«o 


(« 

^ 



w 




Fig. 147. 



C33. But in the section under tc. Fig. 148, where the shear changes in 
amount, although not changing sign from + to — or vice versa, there is a 
shear *=» the leas of the two shears on the opposite sides of the section, for 
this is the amount of the shear transferred through the section, or is the 
tendency of either segment to slide past the other. 

334. With any number of loads, if that portion of the total load to the 
left of any section be called X, and that portion to the right of the same sec- 
tion be called Y, it will bo found that the shear in the section is equal to the 
difference between that part of X w’hich goes to the right support, b, and that 
part of Y which goes to the left support, a. 

335. With a load, W, Fig. i r»() (n), uniformly distributed over the entire 

W^ 

Bpan, the maximum shear, *« R =« R' is at each support, a and b. 

The minimum shear, « 0, is at the center, c, of the span, which i.s also the 
point of maximum bending moment, see II 321 and Fig. 142. At any point. 
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d, the shear is given by the corresponding ordinate, d\ Fig l.)0 (!>). Sec 
Relation between Moment and Shear, 1| if 3.39. etc. 

336. With a load, W, uniformly distributed oyer any part //. (jf the span, 
Fig. 151 (a), find the end reactions, R and K', as in U99. 1 lien 

between a and d, shear =- S == R : 

“ eand&, “ S' == R'; 
at c, “ ■= 0. 

, R R' 



Fl|r. 152. I ■53. 

337, When the loaded portion, y, of the span, begins at one of the sup- 
ports, b. Fig. 152 (a), then since R — W-~ “ ^2 1' " 

W ^ 

^ R 21 V u” 

T ^ dc -- y. ^ y ~‘y 21“ 2 1 

338, When a concentrated load, W, Fig. 153, is added to a lc>ad uniformly 
distributefl over the entire span, or over a part of it, each load nroduees tlie 
same shears as if it alone were upon the span. Those due to W are repre- 
sented in Fig. 153 (5), while those due to the uniform loail are represented 
in Fig. 153 (c). The re.siiltant .shear, due to both loads eiunbined, is repr<^ 
sented in Fig. 1.53 (d). Note that. Iwtween v and r, the addition of W, with 
its positive shear, reduces the neyative shear due to the uniform load, and 
that, iKitween r and z, the addition of W reverses the negative shear; also 
that it shifts the zero point from z to r. 

For Continuous BcamSf see Beams, under Strength of Materials. 
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Influence Diaj^rams. 

339. The end rcnctinns, due to a eiven load, and consequently the 
niornents, shears and stresses, produced, at any given point in a span, by 
such load, vary a** the position of the load, relatively to the supports, is 
changed. A diagram. Figs. 154 (6), 155 (5), 156 (6), showing the changes 
thus produced at any given point, is called an influence diagram, or inilu* 
enco line.* 


Influence Diagram for Moments. 

340. Thu'', in Fig 154 (h), n'Mb^ is the moment influence diagram for the 
point, c, under a .Mnglc c<ineenl rated load, W.f 


c e f <I 



341. In Fig. 154, let / he t he st»an, a*the variable di.stance of the load, W.f 

from (he right .su|>i>ojt. 5, and y the con-'fant distance, a c, of a given point, 
r, from the left supr'*'ri, <i. Then, for any po.sition of W, the left end reac- 
tion, U, is “= W . . and the moment of that reaction about c, = R . y, 

. y. Tlie right end reaction u. R' = W - ^ , and its moment, about 
c. is R^ il-y) « — y). 

So long as \V is between h and c, the moment at c i.s « R . y « W. -* . y. 

342. Since W, y and f are constant, the moment, at c, while W is between 
b and c, is proportional to the variable distance, x, of the load from 6. It 
t iicrefore increases uniformly, from 0, when W is at 6, to its maximum value, 
M, when W is at c. See 1 317. Hence, if the ordinate, c' M, be made 
equal, by scale, to the maximum moment. M, then the moment, at c, for any 
IKHition, d, t or /, of W, between c and h, is given by the corresponding ordi- 
nate, d', e' or r, to the line 6' M. Similarly, the moments, at c, for any 
'Ki.sitions of W bet w een c and a, are given by the ordinates to the line o' M. 

343. For the moment, at c, for any number of loads, in any po-Mtions, find 
the moment, at c, for each load separately, as above, and take their sum. 

344. It is customary to construct the moment influence diagram for the 
moments of a load, W. — unity (1 ton, 1 pound, 1 thousand kilograms, etc.). 
Faeh ordinate mu^t then be multiplied by its corresponding load, measured 
m the corresponding unit, in order to obtain the required moment. 

345. When W is at the point, c, we have x ^ I — y. Hence, ordinate, 

s' M, ■» maximum moment, «■ W , — . v;ot, if W = 1, c' M . y. 

The area of the diagram, a'M6', is «=» 2 . y = — - 


*5Joe “Calculation of the Stresses in Bridges for Actual Concentrated 
Loadfl," by Prof. Geo. F. Swain, “Trans. Am. Soc. C. E.,“ vol. xvii, July. 
1887. 

t Inasmuch as the load, in this discussion, occupies different positions at 
umeront times, it »‘ot shown in Fig. 154. 


33 
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340. If a load, •> 1, be distributed over a length, 1, at c. Fig. 158 (a), 
the resulting moment, at e, may be represented by the area of the rectangle 
standing on Fig. (6), the height of said rectangle being the ordinate, cf M, 
and its length 1. Similarly, the moment, at c, due to a uniformly dis- 
tributed load, e /, of 1 per unit length. Fig. (o), may be represented by the 
sum of the areas of the rectangles between e' and Fig. (b ) ; and, if we sup- 
pose the load, c /, Fig. (a), of 1 per unit length, to be divided into a very 
large number of very narrow vertical strips, the resulting moment, at c, may 
be taken as represented by the area of the shaded trapezoid over e' Fig. 
155 (b). The moment, at c, due to a load of p (lbs., tons, etc.) per unit length, 
and occupying the same length, c /, is — p X area of trapezoid over e' /', Fig. 
155 (b). 

347. Hence, the maximum moment, at e, due fo a uniform load of p (Itis.. 
tons, etc.) per unit of length, occurs when that load covers the entire span 

This maximum moment is — p X area a'M5', — p - — See H 345. 
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Influence Diagram for Shear. 

348. Under a single concentrated load, the .shear, at any jioint between 
the load and either support, is — the reaction of that support. See 11**^ 3i;6 
and 327. 

349. In the shear influence diagram. Fig. 1.56, ns in the moment influence 
diagram, Fig. 154, let I be the span; a: the variable distance of the load, W, 
from the right support, b, and y the con.stant di.stanrr, a c, of a given point, 
e, from the left support, a. Then, for any position of W, the left end rcai^ 
tion, R, or the shear, S, at any point between the load and the left support, is 

■■ W . ; and the right reaction, R', or the .shear, S', at any point between 

the load and the right support, is W . — 

350. The influence line for shear, like that for moments, ^ 344, is usually 
con.structed for a load ■= unity, so that S U ** ^ ; and S' “ R' 

— j — . Each ordinate of the shear diagram must then be multiplied by W, 
in order to obtain the required shear. 

3,51. Since W ( =» I) and I are constant, R and 8 vary directly (and K' and 
8' inversely) with r. Thus, when W ( *= 1) is at 5, wo have a: “ 0; S - ■ li 
“ 0, and S' •“ R' = W ” 1 , When W ( ■* 1 j is at «, we have ar “ S « R 
“ 1, and S' “ R' ** 0. Draw o' a" and b' b*. each ■« W ( -« lb and join 
a* 6' and o' 6". Then, with W ate, the (positive) shear, S, at each point, a? 
/, between c and a, is given by the ordinate, o' y, to the line o" !>'; while the 
ordinate, c' h, to the line, o' b*, gives thet(negativc) shear at each point, as e, 
bel;ween c and b. 

352. Similarly, with W at e, the ordinate, e' t, gives the (positive) shear at 
•ach point, as c, between e and a; while c' p gives the (negative) shear at 
Sach point between e and b. 
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353* It will be noticed that, as the load, W, passes from one side to the 
other of any point, as c, the shear at that point is reversed, the total change 
in shear being ^hc'+c'g^ho^^ the load, W. 

354. With a load, W ( «« 1), at 6, the shear at c is = 0. See If 351. As 
the load advances from b toward a, the positive shear, S “ R ■=» y, at c, in- 
creases in proportion to the ordinates to the line b' g, becoming ‘= g 

■ W is j ust to the right of e. With W just to the left of c, we have, 

negative shear at c = S' — R' — c' A . But as W proceeds from c to a, 

this negative shear, at e, decreases in proportion to the ordinates to the line 
h a*, becoming 0 when W reaches a. Thus, a'kgb* is the shear influence 
diagram for the point, c. Similarly, a*ptb' is the shear influence diagram 
for the point, e, etc. 

355. If a series of nearly uniform and equidistant concentrated loads, 
such as the wheel loads of a locomotive and tram, come upon the span, at the 
support, 6, and advance toward a, the shear at c evidently increases until the 
first load reaches c. It is then suddenly diminished, by an amount = the 
first load, as that load passes e. It then continues to diminish, as each 
wh^el passes over c, but more slowly, until the first load reaches a. See ^ 

3.56. With a' vnifornilg dislrxbuied load, of unity per unit length, moving 
as in H 355, the shears at c (see ^ 346) are represented by the areas of those 
portions of the diagram, a'kgb', successively covered by the load, portions 
of the diagram below the aero line, a* b\ being taken as negative. Thus, 
when the head of the load reaches e, the (positive) shear at c is given by the 
area of the triangle, b* e* t. With head of load at c, the shear at c reaches its 
maviinum, and is given by the area of triangle, b' cf g. With head of load at 
/, the shear at c is =• area b* & g — area t* cf hn. 

3.57. Similarly, the shears at e are given by the areas of portions of the dia- 
gram, a' p < 6'. 

358. Fig. 157* shows the influence diagram, 0 d « 14 16, for the shears at 





point 6, for a given uniformly distributed load, at least as long as the span, 
coming upon the span at point 0, passing across it, and leaving it at point 8* 
also the corresponding diagram, 0 e 16, for the left support, 8; and that, 
0 cr 16. for the right support, 0. 

I or the tmtion of internal resisting forces in beams and trusses, see 
Trusi^^^ Strength, under Strength of Materials, and Stresses, under 


First published in our 9th Edition, 1885. 
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Belation between Moment and Shear. 

359. The shear, at any point in the span, is simply the rale at which 
the bending moment Is changing at that point. 

360. Thu-s. in Fig. 158. the moment, M, Fig. (5), at the support, 6, due to 
the concentrated load, W, of 6 lbs., is = W/ ^6X4==24 ft. -lbs.; but, 
between the support and the load, the moment i.s decrea.sing at the uniform 
rate of 6 ft.-lbs. for each foot of x, or 6 ft.-lbs. per foot = 6 Ib^^ ; and this 0 lbs. 
is the uniform shear, V, Fig. (o), throughout the beam. Hence the .shear 
diagram. Fig. (c), is a horizontal line; t. e , its ordinates are of equal length. 

361. Again, in Fig. 1.59, the shear diagram ordinates between a" and o” , 
Fig. (r), are positive, showing the (algebraic) increase of the bending moment, 
M, Fig. (h), as we proceed from the left support, a, toward the center, o, of 
th? span; while the negative shear diagram ordinates, between o" and b", 
show the (algebraic) decrease of the bending moment as we proceed froin 
the center, o, to the right support, h. At the center, o, the rate of change of 
bending moment is zero, a.s is also the vertical shear. 



362. Both in Fig.s, 158 and 159, the bending moment, M. i'- constantly 
hanging; but in tig. 158 its rate of chmge (=• 6 ft.-lbs. iwr ft. of span) is 
'tans^ni. Hence, the moment diagram i.s a straight inclined line, and the 
ahmr diagram is a horizontal line; whereas in Fig. 159 the rate of change (4 
bending moment is constantly vargijig, being =« 12 ft.-ltis. per foot of span 
(.shear =* 12 Ibe.) at the support, and diminishing to zero at the center, o, of 
the span. Hence, in Fig. 159, the moment diagram. Fig. (h), is no longer 
straight, but curved; and the shear diagram, Fig. (c), is no longer horizontal, 
but inclined. 

363. But, in Fig. 159 (c), the^hear, V, or the rate of change of the bending 
moment (although no longer c<m«(anl, as it was in Fig. 1.58 (t )), neverthele-.s 
diminishee uniformly, as we proceed from a tow’ard b. Thns, at the point, 1 . 
Fig. 159, midway between a and o, the bending moment is changing at the 
rate of 6 ft.-lbs. per foot, or half as fast as at a. Hence, the shear diagram, 
although no longer a horizontal line, is still a straight line ; and the uniform 
decrease ( ■» 6 ft.-ftw. per foot per foot) in the rate of change of the bending 
moment, or the uniform decrease (“6 lbs. per foot) in shear, is indicated by 
the horizontal diagram in Fig. 159 (d). 

364. In either Fig , let a straight line be drawn, tangential to the moment 
diagram (6), at anypoint, c\ and forming, with the horizontal zero line, a' b\ 
an angle, A. (In Fig. 1^, this line coincides with the moment diagram.) 
Then the tangent of A is given by the shear diagram ordinate, <f’. corre* 
QKmding to tlm point, c; or, for any point, V — tan A. 
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tf65. In Fig. 158, where this angle. A, Fig. (6), is eonsiant, the shear ordh 
nates. Fig. (c), are of constant length. In other words, the shear diagram. 
Fig. 158, is a horizontal line. 


36G. Since the shear diagram ordinates represent forces (as in tbs., etc.) 
and the ab.sci.ssa8 represent distances (as in ft., etc.) the product of the dis« 
tancc l^tween any two shear ordinates, multiplied by the mean of those ordi- 
nates, is an area representing a momenf (in ft.-lbs., etc.). This moment is *- 
the difference between the two moments represented by the corresponding 
ordinates in the moment diagram. 

367. Thus, in Fig. 158 (6), the increase in (negative) bending moment, 
between points 1 and 3, is = 18 — 6—12 ft.-tba.; and, in Fig. 168 (c), the 
moment represented by the (shaded) area, between the same two points, is 
— 2 ft. X 6 lbs. — 12 ft.-lbs. In Fig. 159, the (algebraic) increase io bend- 
ing mpment. Fig. (6), between the left support, a, and the center, o, of the 
span, is « 8 + 4 — 12 ft.-lbs.; and the moment, represented by the shear 
diagram area (triangle) between the same two point^ Fig. (c), is 
1 „ / 12 X 2 

- -2 V 2 2 — “ ft.-lbs. 


368, Again, in Fig. 159, at any two points equally distant from the center, 
u, of the span, the momenta are equal; or difference of moments — zero; 
and, since .shear ordinates below the zero line, a** Fig. (c), are considered 
as nefjative, the algebraic sura of the two corresponding shear triangles. Fig 
(c). H .also *■ zero. 

Similarly, areas in Fig. 150 (d) correspond to differences td ordinate* - 
Fig. 1.59 (ch 


Dlaiprani for Reactions, Nhears and Momenta. 

369. In Fig. 58 ih), .Wi.cu’und wX give respectively the reactions 
t'f the nglit and left sufijuirtx, w and x. Fig. 58 (a). 

'I'lie Mtiear, pp. 44b. Ac., is con.siant for all the sections between any 
tw) In.ad'- l-or the .shear many .such .section, as d, find, m the equilibrium 
piil.\g<>n. I'lg. 5H (6) the lines, c w and b c, representing the forces, w and c, 

I'l the right, <*r those, w X, X a and a b, representing the forces x, a and b, 
the lett, of the M'ction. Then the line, b w, ~ c w — b c, or tc6 — uj a 
-V a a h, rejirescnts the re.sultunt of either set of forces, and thus 
lepiesent' the .«'ljrar m the section, d. 

'I’o find the t>endinfj; inonient many section, asd, Fig. 58 (o); from 
<i draw a vertical, cutting the lines s r and n p of the cord polygon, and 
I'M V — rlie length of the ordinate, intercepted on the vertical,' between 
tlie.ic llne.^. 

I’lotiuce s r and n p to intersect, us at e. Then e is the point of applica- 
tion of the resultant, U ^ bw. Fig. 58 (b), of the two forces to the right of 
d, viz: of tlie load c, represen teti, .in Fig. 68 {b) by b c, and the reaction 
at ic, rejire.Hcnted by c w; for, if the loatl, c, ami the reaction at w were 
KMiioved, we should require, for eciuilibnum, o vertical reaction, hw c vf 
b c; aii'l tlie corres;)ondiiig lines, b 0 an<l w 0, m the force diagram, are 
o*-|X’Ctively parallel to n p and « r in the cord polygon. 

In other words, by eliminating the load, c, and the reaction at w, and 
-ub^iitutuig their re.sultant, U *» 6 w, W’e .substitute also a new cord poly- 
K<Mi, 8 in n e s. Fig. 58 (a), with U ( — b w) applied at e. 

Ill '.eel ion </, let L be the lever arm of this resultant, U, — the horizontal -- 
dispincp frtim e to j/. In Fig. 58 (6), draw 0 h honzuntal, representmg the 
iiniivMmtal coiniKmeiit of each of the stresses, X O, a O, etc. Let H — the 
length of 0 h. I'hen the bending moment, in section d, M H y \ for 
= U L; and, by similar triangles, L \ y H : U; or U L H y. 

^*eale of momeiilM. Since M H y, we can, by choosing the position 
of (>* at the proper distance from X c, obtain any desired scale of moments 
by which to measure moments directly U(Km y. Thus, suppose that a scale 
of I inch n. 2 feet has been used in Fig. 68 to), and that it is desired to 
have a moment scale of I inch — 50 ft-Ibs. Then we need only so choose 
the [tosition of 0* that it.s distance, H, from X c, shall represent 50 ft-lba 
2 ft ■>- 25 lbs, bv the scale of Fig. 58 (5). Then 1 inch, in length ol y, 
Will correspond to 2 ft X 25 lbs. ft n».s. 


*8oep 378.1i96. 
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GENERAIi PRINC'lPLE^i. 

NtrenN. 

1. NtresA ocenrs when forces act upon a body in such a way that its 
particles tend to move simultaneously with dilTerent velocities or in differ- 
ent directions; to do which, the particles must chanee their relative posi- 
tions. This occurs, for instance, when a body is so placed as to oppose the 
relative motion of two other bodies, as when a block is placed between a 
weight and a hor table. Here the two bodies (the wt and the table) tend to 
come closer together; but they cannot do so without distortion of the in- 
tervening block; and such distortion is resisted by internal foreeN, act- 
ing betw the particles of the block and tending to keep those particles in 
their original relative positions. The action of these internal forces is called 
Ntre^is.* 

3. Similarly, if a bcxly U* su.sj)ended by a long chord, and if we push or 
pull the body to one side, the paitichw, on the side acted upon, will first 
tend to move, and the transmission of this temiency to the remaining par- 
ticle.s causes stress within the body. 

3. For internal (^uilibrium, tlie internal NtroMHC** mnat balance 
the ex.ternal forces. Hence, it is not iinuMud to apply the term, 
".stress," indifferently to either. 

4. Let the two forces, a and h. Figs A, H, acting upon the bmly, o, meet 
at an angle, a o b. Then the twoisiual and opposite C‘oni|»onentH. u" o 
and b" o, cause compressive or tensile .stress in the btxly, <>, as in T 1; while 
the other two components, a' o and b' o, unite to form the resultant, c e, 
which, unless balanced by other forces, moves the body, o, m its own direc- 
tion, causing, as in H 2, another comp stress. Fig A, or tensile stress. Fig B 



e c 


Fl«r. A. Filf. B. 

0. Upon mny plane within a body, a force may act (1) normallj, 
(2) tanipentlally, or (3) obliquely. If it act obliquely, it may oe 
resolved into two components (see Statics, f 65, p 372), one acting normally 
and the other tangentially, upon the plane. 

6. Consider the two portions into wluch the body is divided by such a 
plane Then (1) forces, acting normally upon the plane, produce ten- 
Mlon (or comprewtion) in the plane, tending to separate the two por- 
tions (or to push them closer together); and (2) forces, acting tanfcentlally 
upon the plane, produce Ahear (or torwlon) in the plane, tending to 
shde the two portions one past the other in a straight line (or with a twisting 
motion). TorMion orrurN in planes betw and nurallel to two ron* 
trary conpleM, as in ero.ss sections of a hand-brake axle w hen the brake 
is applied. 

7. Thus, if an iron bar l»e pulled (or pusherl) lengthwise, its cross sections 
sptain normal tension (or compression). If it )m‘ .sheared across (or twisted), 
the cross sections, l>etween ami parallel to the two shearing (or twisting) 
forces, sustain shearing for torsional) stress. 

8. At any point, in the circular path of a torsional stress, we may con.sider 
the tangents to the path as representing shearing forces. 'I'orAioii is 


♦ In every-day language, ami often in the writings of engineers, this action 
ef the internal JorcoH, or the external force causing it, is called ‘‘strain", 
but scieiitiHtanpply the word “Aimin’* to the deformation (K^curring under 

stress. See *‘Atreleh,” U etc. 
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therefore merely a Hhearlng^ stress in which the direction changes at each 
point. 

9. TranNverNe NtreMN. In Fig 124, p 438, the two equal and parallel 
forces, W and /£, in opposite directions, cause a tangential or shearing stress, 
~ W — K, in the vertical planes lying between their hues of actum; but 
W and H, as a couple, have a moment, which, for equilibnum, must be re- 
sisteil bv the otpial and opposite moment of another couple, as (' and 7’; 
and the opposition of these two couples causes normal (comp and tensile) 
>itresses in the same vert planes parallel to and betw W and li. 

10. The ultimate tendency of any opposing external forces is to fracture 
the Innly by increasing the distances between its particles. Even under 
(ompressiVf stress, rupture can occur only by separation of particles. 

Ntrotch. 

11. When the internal stresses and the external forces are in equilibrium, 
no distortion takes place, but, at the instant when opposing external 
forces are first uiiptied to a hmly, the internal stresses are not yet developed, 
and diNt<»rtioii begins, under the unopposed action of the external forces. 
See ini 3r> etc. Hut the stresses are brought into action by the distortion, 
and they increase with it, and, if the evtenial force is not increased beyond 
the elastic linut ('i 2(5) the stresses finally eiiual the external forces, and 
prevent further distortion. 

St retell . 1000 e^lOOO l/x 



12. rijff represents the behavior of a typical material (mild 
steel ) under tciiNion. I'Tom 0 to A, i.e., under stresses up to the claw- 
tic limit 2(5), say 34.0(X) lbs per sq inch, the stretch progresses propor- 
tionally with the stre.HS, a.s indicateil by the straight line, 0 A. (The earli^Sr 
(lortions of the process are represented, in the lower diagram, to a scale of 
stretch 101) time.'* as great as th.at of the upper diagram.) After pa.saing 
the point A , the stretch increases faster than the stress; and, betw B and B', 
the .stretch (in iron and .steel) increases with little or no increase of stress, or 
even under a slightly dimini.shmg .stress.* B is called the yield Mint. 
See <1 31. The scale of the lower diagram ilocs not extend to B'. Beyond 
B' upper diagram), the '*trc(ch increanes much les-s rapidly than betw B 


♦See 1111 1(5. 17 
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and B\ and remains, for a time, nearly proportional to the stress* (though 
much greater, relatively to stretch, than in 0 A ); but (he stretch now pro- 
ceeds tjister and faster, and lu increasing latio with tlie stress, until the 
stieas rcaciies its maximum or ultimate value (say 70,0(X) lbs per s(j inch) 
at (\ At the stretch is increasing without hum ease of stress (diagiani 
iioii/outal), and, beyond C, the stretch continues inei easing altho ilie .-^itess 
H diminishing, until, finally, at D, rupturo occurs. 

Iti. If, after passing the elastic limit, the bar is relieved from stre,s.<!, as 
at, , l ig (;, lower diagram, its recovery is incomplete, tlie length letnaining 
somewhat gi eater than in its original unstressed condition. 1 he pennanent 
increase, 0 A', is called the pt^rmaiK^nt M*l. or simply the ‘**‘1. 1 be 

line P i ' IS, in general, approx i>arallel to the hne. 0 A, nf ela,‘'ti<‘ stietcn. 
When the same stres-s is again applied, the stretch'is greatei than befou*. by 
a small amount reiiresented by f P". 

14. When the stress is wifilin IIm* olRNtio limit (t 2f>), lh«* 
recovery, upon release from stiess, is so nearly complete that the i)er- 
manent set cannot be indicated in our Figs. (*' 28.) 

15. Under tension, the see area is diminished, and, under emupression 
increased. In ductile materials, under tension, the re<iuction of sec area is 
very marked, especially along a relatively short portion of the length, usually 
near the middle of said length; and fracture occurs normally at the pom* 
of maximum reduction. 

16. In Fig C, both diagrams, and, in Fig 1), the solid curves, reiiresimt 
the nominal unit slre«M*H, or those u.suallv stated. I'hesc are fouiul 
by dividing the total stresses, respectively, by the original section area, as 
in H 18. 

17. The dotted curves, Fig D, represent the actual unit HtreaHeN. 
found by dividinp; the total stresses, respectively, by the actual section area, 
as diminished or increase<l by stress. I mier tension, the actual unit stresses 
are of course ffrealer, and, under comp, less than the corresponding nominal 
unit stresses. 



Elaatic IHodiilnm. Fig. C. 

IS. I-«t P the load (one of the two equal and opjmsite external forces) 
acting at one end of a bar and in line with the axis of the bar; ami let a 
the original* cross-section .area, or aection area, (jf the bar, normal to 
its axis. Then, s, — P / a, is the normal stress per unit of area, or stress 
intensity, or normal nnit atreaa. in the bar. W’^e as-sume that, so long as 
the external force acts axially, P i.s uniformly distributed over a, ulfho this 
is seldom strictly the case in practice. 


♦See HI 16, 17 
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l». Let L the nrij^nal lefigth nf the bar, or of some cJesignated portion 
of that length, and I ^ the Ntro#<*li * ^vhich takes place, in the length, /, 
under the action of a given unit stress, s. Then, c, -- / / L, is the stretch 
pc! amt of IcTiflth, or unit Ntreteh,* corresponding to the unit stress, «. 

20. In manv materials, the unit stress, k, and the unit stretch, e, at first 
increase proporhonaUif, the ratio, »/e, or unit stress unit stretch, remain- 
ing practically constant. This ratio is called the elaMtic modilliiH, 
and IS designated by E , or 

f'la*«tie modulus - E - a/t unit stress -- unit stretch. 

24»a. The elastic miKluliis is thus |»ro|»ortioiial to the tH]i;;-enl 

of the angle. A’ 0 . 1 , Fig(', the proportion depending uiion the scales adopted. 

20 l». The elastic modulus, E, increases with the unit stress reqd to pro- 
duce a given unit stretch. Hence E is a measure of the stiffness of a body, 
i.e., of its abilit\ to resi.st change of .shape. •• Stl#lne>i»i modulus" 
would have been a better name. 

20 <*. If pipial adilition.s «>f stiess could indefinitely continue proilucing 
ei|ual additional stretches in a bar, bevond as well lus within the elastic 
limit {*[[ 2t)\ then a stress, equal to the elastic modulus, would double the 
Icuifth of a bar when applieil to it in Uvston. or would shorten it to zero in 
(otnpression. 

20 d. For example, within the elastic limit, u one-inch siiuare bar ol 
rolled .steel will -tietcli or shorten, on an average, about of its length 

under each additional load of 1000 lbs. If it could stretch oi shorten in- 
definifelj at i!ie rate of ds onoinul length for each 1000 lbs. of 

added load, then .‘lO.OOO times HKK) lbs , or :10,000,(MX) lbs., (which is about 
the av'orage modulus of elasticity for such bars) could either .stretch the bar 
to double it' length or reduce it to zero. 

20«*, If equal infinitesimal stresses, applied to a bar, could indefinitelv 
proiluce stretches, each bearing a constant ratio to the increased lenfjth of the 
bar, if in tension; or to the diminished length, if in compression; then the 
same load which would double the original length of the bar, if applied in 
tnisinn, would reduce it to half its orupnal length, if applieil in compression. 


♦We regard shortening, under compression, as negative stretch. 
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21. In a prismatic bar. under longitudinal tension ot 
compression, let 

W = the total load ; 
a = the cross section area ; 
ir 

«==-- = the unit stress = the stress per unit of area; 
a 

L = the orijpnal length ; 

I — the stretch * ; 

e — IJL = the unit stretch* = the stretch * pei unit of original length ; 


E =» the elastic modulus of the material ; 
r =» E a — a. measure of the resistance of the har 
Then 

Elastic modulus -= E = ** . -- «/< (W 

Total load =^W^Ea [ ^ re (2) 

Enit stress ■= • =- ^ = JF e ('!) 

h 

Total stretch* = I = . „ (4' 

a h 


Enlt stretch* 


L 

E' 


(5 


/ 

L 


A 

a E 


E 


.( 6 ) 


22. In a beam, supported at both ends and loaded at the center, let 
L = length of clear span <»f Ijeam ; 

w - weight “ “ " “ “ ; 

A = deflection “ “ “ “ ; 

b - breadth of croas section of l^eain ; 

d = depth “ *’ “ ‘‘ " ; 

/ * moment of inertia “ “ “ “ “ 

Then 

^ av+ry/Hw)i? 

^ ^ 48 , / ■ ' 

bd^ 

<p -Ifif) I, and 


If the beam is rectangular, 1 ^ 
12 (W + 5/8 w) L 


E ■■ 


48 A h di 


12 

{W + 5/8 ,r) If- 
4 ^ b </* 


For beams, see also pp 480-481. 

23. Reciprocal of clast icmotlnlus. Thedastic modulus. 

indicates the stress re(|uired to produce a certain diHtortmn 

unit stretch 

Its reciprocal. = . - ^ , shows to what extent a bar etc of a 

unit stress 

given material must be distorted in order to produce a given stress. 1'his ma\ 
be of great importance, especially in the design of structures of timber, the 
elastic miniulus of which is low, relatively t(» that of steel, and in which, 
therefore, a relatively great distortion must take place liefore a given fiber 
stress (such as the maximum safe tihe.r stress' ean be brought into action 
Thus, in the case of a wharf, supportnl bv long timber jiiles, the piles mn\ 
submit to so great a lateral deflection a.'* to give the loa/1, resting upon them, 
a dangerously great horizontal leverage, and thus a dangerous overturning 
moment. 


* Compr* ssmn is regardeil as neontivc si retch. 
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24. Tariable c^lafttic modnliiM. Fig 11, Concrete experiments 
81a p 1340, shows an example (in both tension and compression) of a 
material in which the elastic modulus, K, is constantly changing; the 
stretches, from the first, increasing faster than the stresses. 

25. Even in the case of ductile materials, the stretches, produced by 
stresses within the elaslic limit (II 26), are so small and so irregular that a 
satisfactory average value of the elastic mtalulus can be arrived at only by 
comparing the results of many experiments. In the case of brittle materials, 
where scarcely any perceptible stretch take.'^ place before rupture, the deter- 
mination of the elastic modulus is very uncertain. 

Elaatii* IJinil. 

26. The stre.s.s. 0 A, Fig C, beyond which the .stretches in any body 
increase perceptibly faster than the stieases, is called its (‘iHMtii* limit, 
or limit of ela.sticity. tJwing to the irregularity in the behavioi of different 
specimens of the same material, and to the extreme .smalltie.ss of the distor- 
tions cau.sed in most materials by moderate loads, and because we often 
cannot decide just when the stretch begins to increase faster than the load, 
the elastic limit is seldom, if ever, determinable with exactness and certainty.* 
Hut by means of a large number of experiments upon a given material we 
may obtain useful average or minimum values for it, aiul should in all cases 
of practice keep the atre.s.ses well within such values, since, if the elastic 
limit lie exceeded (through miscalculation, or through subsequent increase 
m the stress or decrease in the strength of the material) the structure 
lapidly fails. The table, p 460, gives approximate average elastic limits 
foi a few materials. The elastic limit, as here defined, is sometimes called 
the true” elaNtlc limit. Compare 1 .31. 

27. Brittle materials, such as stones, cements, brides, etc., can scarcely 
be .said to have an ela.stic limit; or, if they have, it is almost impossible to 
determine it; since rupture, in such bodies, takes place before any stretch 
can be satisfactorily measured. 

2H. A .small periiiuiioiiC “Hot** (stretch) probably takes place in all 
'•uses of stre.MS even under very moderate load.s; hut ordinarily it first be- 
comes noticeable at aliout the time when the clastic limit is exceeded. 

rii4* olaNtic* limit Im MOim^timoN cIrtiiirU us that stress at which 
tiie first marked permanent set appears. 

2». The eluMtif* ratio of a material is thequotient, ■ , 

ultimate strength 

It IS usually expre.ssetl as a decimal fraction. 

'I'he permissible working loail of a material should be determined by its 
1 ‘lastic limit rather than hy its ultimate strength. Hence, other things 
licmg equal, a high elastic ratio is in general a desirable qualification; but, 
)n tile tither hand, it is possible, by modifying the proceas of manufacture, 
lo obtain material of high elastic ratio, but deficient in “body” or in resil- 
ience— /. c., m cafiacity to re.sist the effect of blowxs or shocks, or of sudden 
application or fluctuation of sfre.s.s. See ^ 34; also ^^35 etc. 

in the manufacture of steel, the elastic ratio is mcreaseil by increasing the 
osluctioii of area in hamineriiig or rolling, and the rate of increase of elastic 
tatio with reduction of area increases rapidly as the reiluction becomes very 
great. Kirkaldy foundt 

for steel plates 1 inch thick, mean elastic ratio — 0.53 

= 0.53 

M ' 0.54 

•• •• ” H - 0.61 

♦The U. S. Board appointed to test Iron, Steel, Ac., found a variation of 
nearly 4000 lbs. per square inch in the elastic limit of bars of one make of 
rolled iron, prepared with great care and having very uniform tensile strength: 
and, in another very carwully made iron, a difference of over 30 per ceub 
between two bars of the same si®e. Report, 1881, Vo'.. 1, p. 31. 

t Annual Report of the Secretary of the Navy, Washington, 1885, Vol. L 
P- 499; and Merchant Shipping F.xperiinent.s on Steel, Parliamentary Paper, 
C. 2897, London, 


17 
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»0. Elastic Modnli and Elastic liimits. Apprf)xuuaie averages.f 
JB = elastic motlnlns, in millions of pounds i)er squuro inch ; 

I => stretch or compression, in ins, in a length of 10 feet, under 
a load of 1000 pounds per square inch. 

= (10 X 12 X 1,000) + (1.000,000 E ) ; 

== stress at elastic limit, in thoii.sartds of fjounds per square inch. 


E I *<, 


Metals. 

Iron, caf't 

“ ‘‘ ordinarily .. 

“ -wrought * 

Steel, hlruclural* .... 

Brass, ca-'i 

“ wire 

Copper, eiust 

“ WlMi 

Lead 

Tin, cast 

Broures 
Stones, etr.t 
Masonry f 
Wood I 


10 

to 

80 L 

0 012 

t.. 

0 (K14 

12 

to 

1.1 ! 

0.010 

to 

0 008 

27 

to 

81 1 

0 

001 

“ 

to 

“ 1 


“ 


8 

to 

10 1 

0.015 

to 

0.012 

12 

to 

16 1 

0 010 

to 

0.007 

10 

to 

14 1 

0.012 

to 

0.009 

10 

to 

14 1 

0 012 

to 

O.OIKl 

0.8 

to 

1.0 

0 150 

to 

0.120 

6 

to 

" I 

0 020 

to 

0.017 

13 

to 

15 i 

0.009 

to 

0.008 

4 

to 

8 

0.080 

to 

0.015 

0 5 

to 

2 ' 

0 210 

to 

0 060 

1.5 

to 

2 ' 

0,080 

to 

0.(H>0 


4 to 8 
fi to 7 

20 to 40 
;{4 to :t8 

5 to 7 
14 to 18 

6 to 7 
8 to 12 

1 to 1.2 
1.4 to 1.6 
14 to 15 
1 to 2 
Art. 4 (h) 

5 to 7 


31. Yield point. Commercial, Relative or Apparent Elas> 
tic Limit. In testing speeiinens of non and steel, it is commonly found that, 
at a stres.s slightly exceeding the true elastic hunt 26), the stretch begins 
to increase without further increase of load. This point is u.siuilly called “the 
yield point,” or “ the elastic limit” in commercial testing. The French ('oni- 
luission on Metlioda of Testing the Materials of Const nirtiou called it the 
“ apparent elastic limit.” The hite Prof. .1. B. Johnson (“‘ The Materials of Con- 
struction,” New Yoik, John Wiley & Sons, 11106, p. 19) npjilicd the term, “ rela- 
tive or apparent elasiie limit” to that |K»int on tlie stre.ss diagram at which the 
rate of deformation is 50 jierccnt. greater than at jHiints helow the true elastic 
limit. 

Resilience. 

32. Tlie reHllience of a bar, under a stre.ss, s, is the work done, upon 
the bar, ID producing that stre.s.s, or, theoretically, the work which the bar 
will do, in regaimng its original shape, when relieved from stress. Usually 
tt’e are concerned with the elawtle reHllience, or that corresponding to 
the stress, at the elastic limit. 

33. l^t 

=* the unit .stre.ss at the elastic limit ; 
a = the section area of the bar , 

Fg == a 8^ ~ the load corre-sponding to ; 
fj = the original length of the bar ; 

I => its stretch, at the elastic limit ; 

E = the elastic modulus. 


*In rolled iron and steel, the elastic modulus is remarkaldy constant for all 
grades. In wrought iron, the clastic limit jepeud.s chiefly u|>on the degree of 
reduction of cro.ss section in roiling; the smaller sices having the higher elastic 
limit. In steel, this effect is less marked. 
tSeeif1I26, 26. 

j In wci>d. “the extreme fitKir stress at the true elastic limit 26) of a beam 
is practically identical with the compressive stress endwise of the materia!,” 
table, p. 1138. See discussion by S. T. Neely, in “Timber Physics,” 1889 to 1898, 
by Filil^rt Roth, House l>ucumeut No. 181,55th Oiugress, 3d Session, Waslii> 
iDftoD. 1899, p. 874. 
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The work has been done by the mean load, Pg/2 = a acting thru 
the (list, I = L eJE. Hence, 

Resilience = A’ - l\ //2 =- a 12 E {s^l2 E) a L. 

34. Here s^H2 E is the 

resilieiiee inodiiliis = resdience of a bar of unit section area and 
unit Igth. 

( The resdience modulus of a material is a measure of its capacity for re- 
sisting shocks or blows. 

Knddenly applied land**. 

3.I. Let a bodv, of weight, 11', be suspended bv a string, and let it jutt 
touch the scale-pan of a spring balance, without depressing it. Now let 
the string be cut with a pair of .scissois. 

:i«. At the iiumient of cutting, the .spring has not been stretched; its 
resisting stiess, S, is therefore zcio, and the net or resultant dow'nward force, 
acting upon the body, is F 11" — N ^ H’ — 0 = 11 . 

37. Under the action of this force, the .spring stretches, and iS increabes 
proportionally with the .stretch. Hence (lU remaining constant) the re- 
sultant downward or accelerating force, F, acting upon the bitdv, decreases 
until = ir, when F --- lU — - IV — IV 0. 

3H. 'rhe body, having thu.s far been constantly accelerated, tbv a dimin- 
ishing force, F), has constantlj increa.sed it.s velocity, bet h =-- the height 
thru which it has now fallen, and let x be the point reached, at the end of h. 

39. Beyond x (IV remaining constant, while .S continuevs to increase), 
the moving body is lu’ted upon by a constantlj incrca-siug, retarding up- 
ward force, — F - IV — S, which brings it to rest at a .second point, z, 
at the end of a .second distance -= h. Its total fall is therefore 2 h. 

40. Let .S max = the max value of N, or that at the end, z, of the fall, 
2 h. 'Fhen, since N has increased proportionally with h, its mean value, 
during the fall, 2 h, was *S ma\/2; and the work done, during the entire 
fall, 2 h, wa.s 2 H’ h — (.S max/2) 2 h - E max X h. Hence, 

K max » 2 W. 

41. At the end, z, of the fall, 2 A, the body, having come to rest, is acted 

upon by an upward force, —F — W — E max — — 21V = — B”; and 

(neglecting friction) the same |>erformance is now repeated, but in the up- 
ward direction, and so on indefinitely. 

42. But of eneray, due to air resistance and to internal 

friction, render each oscillation less than its theoretical value ; and the body 
therefore finally comes to rest at the point, i, midway of the fall. 2 ft. 

43. Thus 40), within the elastic limit, a load. Nuddenly applied 
(tho without shock) produeea temporarily a Htreteh nearly equal 
to twiee that which it eoiild produce if applied fcradually : 
i.e., twice that which it can niuintaiii after it comes to rest; and develops 
temporarily, in the stretched bmlv, a reaiNtiiiK NtrcMH twice the 
load. 

44. If the load be added io Nmall iuMtalmenta, each ap- 
plied suddenlv, then each in.stulment proiluce.s a .small temporary stretch, 
and afterward maintains a stretch half as great, linder the last small 
instalment of loail, the spring stretches temporarily to a length greater 
than that which the total loail can maintain, by an amount equal to half the 
wmall temporary stretch produced by the sudden application of the last 
small instalment. 
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A section may bo weakened by inereaslnic its 
width. On pp 400, etc., we considered the case where the width of the base 
is fixed and where the point of application of the resultant of the forces acting 
upon It IS shitted to ditterent positions along the base We will now notice the 
case where the resultant is applied at a constant distance frnin one end of the 
base, but where the base is ol varying width, so that this constant distance may 
be equal to, or greater or less than, the hall width of the base. 

Let Fig. E rejiresent a side view of a bar of uniform thickness - 1,* but (as 



e.S5 0.60 0.76 LOO 1.S6 1.60 2.00 2.D0 S.U0 i.00 


Widths (ab«<l) 

ahown) of varying width, and subjected to pressures, the resultant P ot which 
w - J,* and pauses through the center of that section « ft w hose width is 1 ♦ f 


• We adopt the value 1 for the pressure P, the width a ft, and the thickness 
merely in order to facilitate the explanation. It is not e.sseutial to the applica- 
tion of the principle. 

t We here suppose ourselves dealing with a perfectly rigid and homogeneous 
material. In practice, tliese value.s would be more or less modified by yieldinu 
of the particles under stress, by unevennesses in the surfaces of the supposed 
cross sk^ions, etc. Ke\ertbeieM, the general principles here laid down hold 
good. 
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The presBure per unit of area of cross section (or “ unit stress”) in the section 

j> p 

o& is then ^ - j =P=1*, and may be assumed to be uniformly dis- 
tributed over it. 

But at other sections of the bar the resultant is nearer to one edge than to the 
other, and the unit stress can then no longer be assumed to be uniformly dis- 
tribute<i over the cross section, hut. as explained on pp 400 to 403 i.s a max- 
imum at the edge nearest to the resultant, and diminishes graduallv and uiu- 
formly to a minimum at the farther edge. 

This i's indicated by the shaded triangles, etc., in Fig. E and by the curves in 
Fig. F, which show, for the several sections in Fig, E, the mean unit stress* 
and thn unit stresses at the upper and lower edges respectively, calculate b\ the 
rule.s on pp 401-404. 

These stresses are also given in the following table: 
l^nlt in FIgf. E; the unit stress m section <t b being taken as l.f 



i 

1 Stress jier unit of area of (yos.s section. 

jction. 

I Width. 

! 

1 Mean. 

At lower edge m c. 

At upper edge n/. 


4(10 

0.25 

0.8125 

- 0.3125 I 

ef 

3 UU 

% \ 

! 1 (K» 

“ 


2.50 

040 1 

1 1.12 

- 0 32 


2.00 

(».50 i 

i 1.25 

— 0 25 

cd 

1 50 

1 

1 ^Al i 

0 


1.25 

0 80 

1 28 

0 32 

a b 

1 00 

1.00 

1.00 

1 00 

Kh 

0 75 

m 1 

1 

•J-c 

ikll 

0.50 

2.(K) 

- 41 

8.00 

_mu^ _ 

0 25 

4.00 1 

1 -32| 

40.00 


It In linportaiii to notice that for a given force P, and for widths lew 
than 3 a b, the 8trouge.st section of this bar is »o( the mdest one, but that (« b) at 
which the resultant P pas.s»*s through the center of the section. In other word& 
a bar may be weakened by additionN to its croHn section if 
those additions are such as to cautM* the resultant of the pressures to pass else- 
where than through the center of any cross section. This tact is entirely inde- 
piuident of the weight of the added fKirtion. 

Among the sections wider than ah, the weakest is that {at) whose width 
is - i.f) ab. At that section the lower edge me has its maximum unit stress 

|=1}3X while at d in the upper edge there is no pressure. Beyond cd 
the upiier edge n/ is in fe/wionj and the unit pressure along m c decreases, be- 

p 

coming again - . at cf, where the width e/ is — Sab, and decreasing still 

further with further increase in width. 


* In the ca-se discussed on pp 400 to 403, the mean pressure wn — 

remained constant so long as the entire surface « r van called into play. Here, 
on the coiitiaiv, the area of the section vanes. Hence the mean unit pressure 
vanes also, aij<) inversely as the area 
t See foot-note *, p. 462. 

i In the present discussion, as well n.s in that on pp. 400 to 403, we have 
assumed cases of rontj/ressKui for illu.st ration, but the principle involved applies 
equally to cases where the force applied is ietmle. In such cases, however, the 
terms ” pressure ” and “ tension " are of course reversed 
^ The unit stresses at the edges in section » k are too great to be shown con- 
veniently in either figure; while those in section win (as the table shows) far 

exceed the limit.s of the figures. The pre.ssure at k would be =- a (infinity) 
were it not for the tensioii.s in the lower part of the section. 
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When the w idth becomes Ltiss than that at a ft, as at g h, etc , the upper edge of 
the bar conies nearer to the resultant than the lower edge, and hence receives 
the maximum pressure. 

When the width = Vnft, as at gh, the distance of the resultant from the 
vpper edge is *..^the width of the 'section. The pressure at the lower edge is 
PI /' 

i!ien = 0 ; the mean pressure in g h is — r X , " IK X , , and tlie pressure at 

a 0 0 75 ah 

p 

the upper edge is twice the mean pressure in ^ A, or 2% X 

When the width becomes less than % a b. as at i k and m n, the pressure at the 
lower edge m e iiecomes negali\e or tensile * Thus, when, as at i k, the width 
is — and the resultant pas.ses through the upjHjr edge, the unit picssure 
P /* 

at that edge i.s -8 a , wdiile the loweredge sustaiiih a /(//.sum of 4 X ; and, 

a h a f> 

as the section is further reduced, these stiessesaie still further and very lapidly 
increased 

The condition of those sections (such as wi u) where the line of the resultant 
passes outside the section, is .similar to that of the section m u of a bent hook 
sustaining a load, as in Fig (• 



Fit. 



Fit. H. 


Messrs William Sellers A ( o., of Philadelphia, had occasion to test a number 
of cast-iron beams, each having a large circular opening, as in the annexed 
figure These beams broke, not at the sniallest section directly under the center 
of the opening, but a little to one .side, w'here ihe .section was deeper, a.H indicated 
in Fig. H . 
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Fatifpne of Materials. In the following article$ on Strength of Mate* 
rials, the ultimate or breaking load is that which wtll, during its first application, 
rupture the given piece within a «/torn ime. But Woiilers and Snangenberg’s 
experiments show that a puce may t>e ruptured by repeated appliea* 
tiona of a load uKich iess than this; and that tiieoftener llie load is applied the 
less it needs t«i hi^ tn order to produce rupture. Thus, wrought iron wliich re« 
qiiired a tension of fi.MMK) lbs per sq iuch to break it in 800 applications, broke 
with 3o(M)0 Uts per st| inch applied alumt 10 million tunes ; the stress, after each 
application, ii-tiiriiing tozeto in both cases. 

Tlio l»('i wi'cn tlie tuaximum and miuniiuiu tension in a piece subjected to 
tension only, <ir between the max and min compres^loii in a piece subjected to 
comp only, oi the .«//« of the max tension and max com|) in a piece subjected 
alternatelv to tension and comp; is called the raiiyt^e of in the piece, 

.stresses alternating between o ami any point within the elastic limit may he 
repeated many million limes without prodiieing rupture.* 

For a given number of applications, the load required for rupture is least when 
the range of stress is greatest. If tlie 'itress is alternately comp .ind tension, 
riip'uie lake.s place more readily than if it is always comp or alwavs IeU'^Ioa. 
That IS, It tak' s pi ice with a less range of stress applied a given *numtK‘r ol 
times, or with a less iiuinh(>rof applications of a given range of stre&s. For a 
given range of stress and given numher of applications, the most unfavorable 
condition is where the tension and comp are equal 
The fatigue of materials is taken into consideration in designing members oi 
important St rucfurcB suliject to moving loads .-see Tncss specifications, pp 7®0, 
Till. 

Experiments siiow that materials may fail under a long; eontinue^l 
HtreNH of much less intensity than that produced by the ult or bkg load. 


* This does not always hold in cases where the elastic limit has been artificially raised 
by piocesH of manufjioture, eic Oft-iepeuted ulternutious between tension uid compies- 
-imi fielow such a limit reduce it to tne natural one slitrht tlaw ina} cause rupture 
iindio coinriar.ifuclv few .ipplicntions of a i.inge of stiess hut little gieater, or even less, 
ifian the el.l^lR• iiinil Itest l•etwecn hfu-ses iiicii ase.s tlie lesistine power of apiece 
li. iiKiiiv casfs, stf,.ss,is ,, pKp f>c\mid the fl.i'ie* limit, e\eii if oit-iepeated, raise tfiat 
iimit and ifie ''iienclh l/iu ieiid.*i the pie<-e loiltle and thn‘-rnure liable to rupture from 
“■hocks; ami a littli Ini tlier incieiise of stiese lapidl) lessens, <>r imay entirely destroy, 
the el.isticiiN A tiiMie sties above the el.tstic limit gieath loweia, oi'niay e\en destioy, 
llie comprfyntvf elasticiti , and \ ice leisa. II a tensile stress, hj sfietching a piece, reduces 
Its lesisiing aiea, it iriai tluis ii-duce its total stiencth. even Ihough the strength per 
iq oi has int teased Mr M baker finds that Ii.iid steel fatigues much faster under re- 
pealed loads than soil steel di iron 


84 
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TRANSVERSE STRENGTH. 

1 . In Statics, 285, etc., wc discuss the action of external or destruc- 
tive forces upon cantilevers, beams and trusses. We here discuss the reac- 
tion of the internal or resisting forces (stresses) in solid cantilevers and 
beams, in order to determine their loads. See also 104, etc. 

2. Unless otherwise stated or apparent, we assume that the stresses in all 
parts of the cantilever or beam are within the elastic limit. 

Conditions of Equilibrium. 

3. For equilibrium, the internal forces, and thejr moment. s, must balance 
the external forces and their moments. In other words, if the cantilever or 
beam be supposed cut by a section at any point, we mu.st have 

(1) 2 vertical forces 0 

(2) 2 horizontal foroe.s 0 

(,*1) 2 moments 0 


Or: . 

(1) Algebraic sum of the internal vertical — algebraic sum of the 

external vertical forces on either side of the section ; 

(2) Sum of horizontal tensile stresses “ oum of horizontal compressive 
etres.se.s; and 

(3) Algebraic sum of the moments of the internal stresseji =» algebraic 
sum of moments of external forces on either .side of the .section. 

4. Cantilevers and beams of uniform croas-soction have usually a super- 
abundance of strength against shearing, and fail (if at all) 

where the bonding monaent is greatest. Hence the di.scus.sion of 
their resistance turn.s principally upon equilibrium of moments. For theit 
resiFtanee to vertical .shear, see Statics, 325, etc., and p. 499. See also 
Horizontal Shear, lilf 51 to 5.3, below. 



5. For equilibrium, therefore, the resisting moment, R ( == the sum of the 
resisting moments, r, of all the particles in any cros-s-section of the canti- 
lever or beam. Fig. 1 or 2), mu.st be equal to the liending moment, M, or alge- 
braic sum of the moments of all the external forces on either side of tne 
section. 


r^i 


Vtg. i. 


Reactions of Fibers. 

6* In a truss or framed beam (.see Trusae.s) the resistance of each of its 
two chords i.s regarded as acting in a line pa.s.sing through the centers of grav- 
ity of the crass-sections of the chord; but, in a .solid cantilever, Fig. 1, or 
beam, Fig. 2, the total resisting moment is the sum of the separate resisting 
moments of the several fibers throughout the cross-section. 



Neutral Surface. Neutral Axis. 

7. When a cantilever (or beam) bends, the fibers in the upiier (or lower) 
part of each cross-section are extended, while those in the lower (o^ upper) 
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are compressed (see Figs. 1 and 2); the extension and oompresaion 
being greatest at the top and bottom of the section, and thence decreasing 
nniformly inward toward a surface, n n. Figs, (a), near the center of the 
cross-seotion. In this surface, which is called the neutral surface, the 
nbere are neither extended nor compressed. The line, o o. Figs. (6), formed 
by the intersection of the neutral surface with any cross-seotion of the oanti- 
lever or beam, is called the neutral axis of that section. 

8. In order that the algebraic sura of all the horizontal strasses in the 
•ross-^tion may bo zero, as requireil for equilibrium, the neutral axis must 

E ass through the center of gravity of the section. Hence, the neutral sur- 
uje passes through the centers of gravity of all the cross-sections. 

f he neutral axis may be found by Kalancing the section (cut out of 
cardboard) over a knife-edge. Or .see Center of Gravity, under Statics, H ^ 
1 2.3, etc. ^ Every section has an indefinite number of neiitral axes, all passing 
through Its center of gravity in as many different directions. The axis re- 
quired, in any given case, is that one which is non^ to the plane of the 
bending moment under consideration. 

In the following di8cu.Hsu)n, we assume that the neutral axis of the sec- 
tion is nornmt to the line of action (usually vertical) of the load, as it gen- 
ffSJy other ca.s^H, a.s, for instance, the case of roof purlins, see 

l^he Deterini nation of Unit Stresses in the General Case of Flexure," by 
Prof. b». J. Johnson, Boston Soc. of Civil Engineers, in Jour. Ass’n of 
Eng*ng Socs., vol. xxviii, No. 5, May, 1902. 

Resisting Moment. Unit Stress. 

10. It is a.ssurned that the extension or compression of each fiber, and 
therefore the resisting force actually exerted by it, is proportional to iU 
vertical di^’tance, t, above or lielow the neutra.! axis. 



Fig. 3. 


lu Fig. .3. let 

T the distance from the neutral axis, o o, to the fiber farthest fron 
that axis, either above or below the a\i.> ; 

S the unit .stress in said farthe.st fiber; 
t •= the distance from the neutral axi.s to any given fiber; 
s '-o the unit stress in said given liber; 
a ^ the area of said given fiber; 

F the total .stre.ss in said given liber; 

r — the reswting moment of said given fiber about the neutral axis; 
M =« bending moment at the cro.ss-section under consideration; 

R « the resisting menu nt of the entire cross-section ; 

=* 2 r «■ the sum of the re-sisting moments of all the fibers; 

1 the moment of inertia of the cross-sectioif. See "iTJ 14, etc.; 

2 /- a — the .sum, for all f he fibers, of t- a; 

X « the .section imHlulas, “ Vp “ See 25, etc. 

Then the unit .stress, in any given fiber, is — « •=* S it.s total stresf^ 

E. is ^ a « oi S o and its resisting moment, r, is — F / — Sa Henoe^ 
the resisting moment, R, of the entire section, is 

R~ M - 2r=- 2So^ - ^2<*o - ^.I. 
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Hence also, S - M T / 1 ; I-MT/S-TX; T-8I/M. 

Since S/s =• T/t. we have S/T =• a/t, and 

R « M - S I/T » a I/t - SX. 

In beams of rectan^^ular section fp 469). of breadth, B, and depth, D, 
we have I - BD3/12. and T « 0/2. Hence. 

S » 12 M T / B r)3 - 6 M / B D* : and 
R = M « S B I>7 12 T - S B D2/ 6 

When beams are tested to distructmu. the value attained by S is called 
the Rupture modulus, or modulus of lupiuie. 

11. It will be noticed that the strenjrths of similar beams of any shape, 
and those of rectangular beams, whether similar or not, are directly propor- 
tional to the [iroduct, width X square of tlepth. Heo ^ Go. 

12. When the stress, S. upon the extreme fibers, is == the elastic limit of 
the material, failure is imminent. The pennis.sible unit stress i.s usually 
taken as not more than half the ela.stic limit, and the safe load is that under 
which S does not exceed the pennwsihle unit .stress. 

13. The same quantity of material that composes a solid beam, Fig. 2, 
would present greater resistance to bending or breaking if it were cut in two 
lengthwise along the neutral surface, n n, and converted into top and bot- 
tom cbord.s of a truss; because, first, the lei'rrage with which the revistance 
acts is thus greatly increased; and. .second, the depths of the chord.s are so 
small, compared with their distances from the neutral axis, that their fibers 
may be assumed to act unxtedlu and equnlhj. Hence, practically, all the 
fibers in the upper chord must he crushed, or all those in the lower pulled 
apart, at the eame imtant, before the truss can give way; w’herea.s, in the solid 
b^m, the extreme upper or lower fibers yield first ; then those next to them, 
and 80 on, one after the other. 

^foment of Inertia. 

14. Unlike the moment of a force, which is the pnxluct of a force and a 
distance, the moment of inertia, being the sum of the products of area.s of 
fibers by the square-s of their distances from tlie neutral axis, is a purely 
geometrical quantity. Thus, the moment of inertia of a given section de- 
pends solely upon the dimen.sions and .shajie of that section, and is inde- 
pendent of the material and the span of the beam and of the manner in 
which it is supiiorted or loaded. 

Unit of Moment of Inertia. The moment of inertia of a figure 
being the product of an area by the .square of a distance, its unit is the 

fourth power of a unit of length. Thus, in a rectangle 3 ins. wide and 4 

ins. deep, I ^ biquadratic inches 16 inchV 

] •,' 6 s 

In a rectangle 1 inch wide and 6 ins. deep, ^ > * 1^ incld. 

15. Comparing similar sections of any shape, their inomeiit.s nf inertia 
are proportional to the protluct, breadth a cube of depth, t'omparc * 11. 

16. The following illustrated table, pp. 469-471. gives, for several 
figures of frequent occurrence, 

(1) I «• the moment of inertia ~ 2 n; 

(2) T* -» the distance from the neutral a.xi.s to the farthest fiber; 

(3) X — the section modulus — ^ y 5 

(4) A =»= the area of the cross-section. 

17. In section-s where the distance from the neutral axi.s to the lower- 
most fiber, and the corre-sponding section modulus, differ from those fT 
and X) pertaining to the uppermost fiber, those corresponding to the 
lowermost fiber are distinguished as T' and X' respectively. 

18. In each figure the neutral axis is indicated by a horizontal line 
erossing the section. 
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19. The moment of inertia of any figure, about its neutral axis, is the sunt 
of the moments of inertia of its several parts, about that same axis. 

20. Let I •=■ the moment of inertia of the entire figure about its neutral 

axis, o o; 

i = the moment of inertia of any part, about the neutral axis, 
o o, of the entire figure; 

in ■« the moment of inertia of that part, about its own neutral 
axis; 

a = the area of that part ; 

t = the distance of its center of gravity from the neutral 
o o, of the entire figure. . 


Then I =• 2 1 ; and i “ m + a t". 


31. Thus, in Fig. 4, 


and I — »i + io. 


BD’ 
" 12 


B D fi»: 


iu 


if 

12 





Fig. 4. 



-o 


Fig. 5. 


33. Hence, in any hollow section, as in the hollow rectangle. Fig. 5, let 
V -• the moment of inertia of the whole figure (including both the shaded 
and the unshaded rectangles), i «- that of the missing or unshaded rectangle, 
and I “> that of the shaded portion; all referred to the neutral axis, o « 
thoahaded 'portion. Then 1 — 1' — i. 



33. In the case ot an irregular section, as Fig. 6, let the section be divided 
mto numerous strips, parallel to the neutral axis and narrow enough to be 
eonsidered as rectangular; and proceed as in 19 to 21. 
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24. The narrower the strips are taken, the less m becomes. If the strips 
/be taken so narrow (relatively to the depth of the section) that m may be 
neKlected, then I « - a, as in 'i 10. The strips need not be of uniform 
width. 


The Section Modulus. 

So. Definition. If the resistinR moment, R — i f a, ])c divided 

R 2 a 

by the unit stress, S, in the extieme fibeih, the quotient, X = 

b I 

, is calk'ii the Section Modulus. This, like the moment of inertia, 

14. etc,, IS a purely womctncal riuantitv, depending solely upon the dimen- 
Bion« and shape of the soeticm, and being indei>eudent of the material, of the 
span, ainl of the manm*r of loading 

Having the section modulus, X, we have only to multiply it by the 
unit .stress, S, in the cctreme fil/eis, in onlei to obtain the resisting moment, 
R, or R --- S \. 

21. Multiphmg the section modulus, X, bv the distance, T, from the 
neutral axis to the farthest libeis, we obtiun the moment of inertia, I; or, 
1 - T X. 

‘iH. The seidion modulus is usually given in tables of rolled beams, chan- 
nels and shapes, riee tables of Carnegie Reams, etc. 


I.fOadlng. Strength. 

The following illustrated table gives (1) the ma\ moment, M, 
forre.sponding to a gi\en load, W' and (2) the load, M ,■* corresponding to a 
given unit stress, S, for difTerent conditions of suppoit and of loading. In 
this table, 

M Tiiaxiinum ben<ling moment: 

K -- VI resisting moment <»f cro.ss section: 

\V - the total extraneous lotul* <m the beam, whether concentrated 
at one point (us shown ) or uniformly distributed over the span ; 

/ -■ tlie spun ; 

S - the unit stress, in the hbens farthest from the neutral axis, due to 
the extraneous load, VN , * 

T the di.stanee from the neutral axis to the farthest fibers ; 

1 == the moment of inertia. 


In rectangular beams, 
b -- breadth; 
d == depth; 

b d» 

I = moment of inertia ; 


Of the two diagrams under each loatiing, the first represents the mo- 
ments, and the second the shears, in the several tiarts of the span. 

ao. If S the ^)ermiH.siblc unit fiber stress, then, in the foregoing formulas, 

W - the permissible extraneous load.* 

ai. It will be noticed that the .strengths of similar beams are proportional 
to their values of ; i. c.. the strengths of beams of similar cross-sections 

are directly proportional to theii breadths and to the squares of their depths, 
and inversely projiortional to their spans. 


♦'Phe beam is here suppos’d to bo withuui weight See 42 etc. 
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Symbols in Table Opposite. 

M == maximum bending moment ; 

R = M = resisting moment of cross section ; 

S = unit stress, due to W. in the extreme fibers ; 

T = distance from the neutral axis to the extreme fibers ; 
I — moment of inertia; 

W loaf I : I = span. 


In rectangular) 
beams, j 


d 


= breadth ; 
= depth ; 


' iibdP* 


W = nS 


h 


Beam 1 Inch Square* 1 Foot Span. 

In a beam, 1 inch .sfjuare and 1 foftt (12 inche.s) span, supported at 
both ends, we have, for the extraneou.s center load: * 

■~3l - 12 “ 18= “d S - 18 W'. 


W' 


33. For any other rectangular beam, let L = the span in feet. Then the 
extraneous center load,* W, required to produce the same unit stress, S, in 
the extreme fibers, is 

W - 

Li 

34. Thus, for yellow pine, let S ■= the permissible unit stress — 

1620 lbs. per sq. in. Then, for a beam 1 inch square, 

1 foot span, supported at both ends and loaded at center, the permissible 
load,* W^ is 

^ 12 18 18 

and, for a joist, 3 X 12 ins., 20 ft. span; the permissible extraneous * center 
load is 


W « 


,6 rf* 


3 X 144 


= W' ‘ - 90 X —2b~ " 1944 lbs.; 

an*l the T>ermissible extraneous uniform load is = 2 W 2 X 1944 ■=» 3888 
tbs. 

;}o. If the Iftad, W the span, L, an<l the Cf>efficient, W^ are given, we 


have 6 d- 


W L 
W' 


'I hu-s, in the case of the yellow pine joist, mentione<i 


in • 34. of 20 ft span, with a uniform extianeous* load, where 2 W =• 
W L 1944 X 20 

2 X 1944 - 3888 lbs., we have b ^ ' 90 

3G. Then, if either 6 or d is given, the other is easily found. If not, 
assign to either of them, an arbitrary value. Thus, i[ b — 6, we have cP = 

-= 72; and <1 — 72 — say 81. With b — 3, cP - • 144, and d == 12, 

0 

37, With the .slide rule, in the foregoing example, place the runner at 432, 
.'infl, assuming b == 6, place I (or 10) on the slide, opposite 6 on the rule 
Then, in tin scale of square nnifis, on the slide, opposite 4.32 on the rule, will 
be found 848 and 268. The former of these represents the desired root, and 
wt‘ take S.o as a sufficient approximation. 

38, If the relation. S «= 18 W, hehl Ijeyond theclafetic limit, and if W' — 
the cm ter breaking loail, in lbs., on a lieam of ai y material, 1 inch square, 

1 ft. span, sijppoi ted at each end ; then, foi any other of the same mate- 
rial, and of breaillh h ms., depth d ins., and span L It., the center breaking 

load would l»c W' »=' W* 

39, Notwithstanding the defective basip of this method, as appli^ to 
loads l>eyond tlie elastic limit, its simpUcityrenders it very convenient, and 
it is much in u.se. See the following table of values of W', and example, U 40. 


* The beam is hero .supposed to be without weight. For the w eight of the 
beam itself, see 42, etc. 
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Center Breaking Loads, In Pounds, for Beams 1 Inch 
Square, 1 Foot Span, Supported at Each End. 


wooos. 

A$h, Englisti . ... M 

“ Amer White (Author). ■ 

'* Swamp t 

*• Black 0 

Jrtn/r Vitse, Amer 0 

Balsam, Canada ft 

B^ech, 2 

“ Amer rr*” 

o V 
< (t 


!»r« 

c _ 


Birch, Amer Blaik . 

“ Amer Yellow 
Cedar, Bermuda ... 

“ Guadiiloupe... 

** Amer Wliite. 
or Arbor Vit«e 

Chestnut ^ n 

JF/m, Amer White 

“ Bock, Canada « 

Hemlock. 

Hickory, Amer.. -i £■ 

“ “ Bitter nut .* = « 

Irrm Wood, Canada 

Locust .....^3 

Lignum Vitie X 

Larch . . H" 

Mahogany ... 2. 

Mangrove, White _ 

‘‘ Black I 

JfapZe, Black 

“ Soft j 

Oak, English 

“ Amer White (by Author). 
“ “ Bed, Black, Baaket 

“ Live 

Pine, Amer White ..(by Author) 
“ “ Ydlow “ “ 

“ “ Pitch “ “ . 

Oe<)rgi« 

Pmlar 

Pom 

Spruce (by Author). 

“ Black 

Sycamore 

Tamarack 

TVafc 

Walnut 

Willoto 


METALS. 

Brass 

Iron, cast, 1500 to 2700 ...averagej 
“ common pig . 

** “ caatingB from pig . .. 

“ “ employed m our ta- 

blee ^ 

** " for caxtingi 2]^ or 3' 

ins thick 

Atm, wrought, 1900 to 2600 av 

Wrought iron doee not break 


650 

400 

600 

250 

350 


650 

850 

400 

600 


450 

650 

800 

500 

800 

800 

600 

700 

650 

400 

750 

650 

650 

750 

750 

550 

600 

8.50 

600 

450 

,500 

550 

8.V) 

650 

700 

450 

550 

500 

400 

750 

650 

350 


860 

2100 

2000 

2300 

2026 

1800T 

2250 


but at atmut the average of 2250| 
11)8 its elas limit is reached. 

IHeel, hammered or rolled; elan 
destroyed hy 3000 to 7000.. 
Under heavy loads hard steel 
snaps like cast iron, .'iiid soft 
steel bends like wrought iron. 

SIONLS, ETC. 

Blue stone flagging. Hudson River] 
Brick, cuininon, 10 to 30 average 
“ good Amer pressed. 30 to 

50 average 

Own .Stone 


w 

6000 


126 

20 


40 

25 


Concrete, see ankle on Corj-| 
Crete. 


. Granite, f>0 to 1.50 average j 

“ Quiiicy 

Glass, .Millville. N .Tersey, thick] 
flooring .. (by Author).! 
Mortar, of liinw .ilone, 60 days old] 

I “ 1 measure of slacked Iiuiej 

I in pow drT, 1 sand 

" 1 measiiie <tl sliu ked hme| 

in powder, 2 sand 
' Marble, Italian, White (Author)' 

! “ Manchester, Vt, “ “ 

! “ East Dorset, Vt, “ “ 

I “ Lee, Masn, ” “ 

! “ Montg’y Co, Pa, Gr»v “ 

'• “ “ Clouded *' 

' “ Uutland.Vt, Gray 
: “ GIenn'sFall8,N.Y.Black •' 

I “ Bultiinore, Md, white, 

1 coarw •• 

'Oolites, 20 to 50. 

SaruhUmej, 2<J to 70 average] 

** Bed of Connecticut aDd| 

New Jersey 

! Slate, laid on its bed. 200 to 4.50, av 


100 

100 


170 

10 


7 

116 

95 

111 

86 

103 

142 


102 

35 

46 
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iO. Example. In the yellow pine joist of H If 34 and 36, 3X12 ins^ 
20 ft. span, we iiave, from the table, W' = say 500 lbs. Hence 

Center breaking load * W - W' » 10,800 lbs., oc 

ii JU 

about 5.5 times the permissible load, found, by means of the permissible unil 
stress, in % 34. 


41. Since W - n S ~ - 
Breadth 


Dimensions. 

W' and W' ~ * 

. W I W L 
® ■" nS<P ’* W'lf-** 


irhere W 
W' 

n 

8 

I 

L 


Depth 


. w z 


../WL. 

\W'b* 


extraneous load * required; 

extraneous load on beam 1 inch square, 1 ft. spaai 

coefficient from last column of table =» 

unit fiber stress; 
span in inches; 
span in feet. 


fl'elght of Beam Considered as Load. 

42. For simplicity we have hitherto re^rded our cantilevers and beams 
as having no weiglit of their own ; and, in beams of the moderate dimensions 
usually employed in buildin|i;s, their own weight, w, is so small, in comparison 
with their loads, W, that it may often be safely neglected; but in larger 
beams it mu-'t generally be taken into account. The loads, found as above, 
with S ■■ greatest permissible unit stress, must then be regarded as including 
nut only the extraneous load, W, but also the weight, tc, of the beam itself, 
for a length •• span. 

4.3. If the beam is prismatic, — t. of uniform cross-section,— its weight, 
w, acts as a uniformly distributed load, and we have, for the extraneous load. 
W. in the case of a conceut rated center load on a beam, or of a concentrated 
load at the end of the span, Z, in cantilevers, 

W « whole load — 
in the ease of a uniform load, 

W — whole load — to. 

44. In finding the breadth or the depth of a rectangular beam, 
required to carry a given load with a given span and given unit stress, wa 
may provide for the weight by .sycce-ssive approximations. Thus, 

4,5. To find the breadth, h. required for a beam of given depth, d. 
Neglecting the weight, w, of the beam, find the first approximate breadth, h, 
by the formulas in t 41, for the extraneous load, W. Next, calculate the 
weight, w, of n beam with width, b. treat .said weight as a uniform load; and, 
by the same formulas, find the additional breadth, 6', required to cariw this 
additional load. to. Then 6 -h 6' « a second approximate breadth. If ne<^ 
essjiry, find the weight, to', of a beam of breadth, 6', and, from this, a second 
additional breadth, b", required to carry it. Then fr + 5' + 6" •=* a third 
approximate breadth, and so on. 

46, To find the depth, d. required for a beam of given breadth, 6, 
find a first approximate (leptn, d, by the formula, "It 41, for the extraneo^ 
load, W. Find the weight, to, of a beam of that depth; and again apply the 

formula, using (in place of W) W -f to if W is a uniform load, or W -f 2 ^ ^ 

Is a concentrated load. The depth, d% so found, is a second approximatioiL 
We may again apply the formula, as before, using the weight, to', of beam 01 
depth d'; or, more simply, increase the breadth, as in 45. 


*The beam is here supposed to be without weight. See 42, etc. 
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47* In practice, beams of rectangular section are almost always of timber 
and such beams are economically obtainable onlv in certain oommercia 
sues. Hence, the second approximation will usually be all that is required, 


Strengths and Weights of Similar Beams of Different Dimen* 
sions. Comparison between Models and Actual Structures. 


48. la any given beam, let Wj « the load causing any given unit stress, 
S. Then, Wj = ” (for n, sec table, p. 474) ; and, in any similar beam, 
of o times the breadth, depth and span, the corresponding load, W ■» 

ratio of their loads is o-; or W == a* Wi>, 

but the ratio of their weights is ^ aj ^da l 
u'l bd I 

49. In other words, comparing one beam with another, of a times its 
breadth, depth and span, their strengths are as the sgunres of their respective 
dimensions; but their weights are as the cubes of those dimensions. 


50. Hence, if a model of a beam will just break under a uniform load 
(including its own weight, w) =• 2, 3 or 4, etc., times its own weight, then a 
beam of similar cross-section, but of 2, 3 or 4, etc., times ils breadth, depth 
and span, will just break under its own weight alone. 


Horizontal Shear. See also Vn 119-122. 

51. When (Figs. 7 and 8) deflection occurs in a cantilever or beam com* 
posed of separate horizontal layers, like a pile of loose boards, the several 
la^'ers slide upon each other; but, if they are firmly joined together, or other- 
wise prevented from sliding, they exert, upon each other, a horizontal shear- 
ing force. In any section, this force diminishes from a maxi- 

mum. at the neutral surface, n n, to zero, at the top and bottom of the section. 



Flff. Y. Fl«. 8. 


82* In any eeotion of a rectangular beam, the maximum borisontal 
•bear, per unit of neutral surface, is 

H 3Y. 

“ " 2hd* 

where V "■ the vertical shear in the section, and b and d the breadth and 
the depth of the section, respectively. 

In words, the unit horizontal shear, at any point, is directly pro- 
portional to the vertical shear at that point. Hence, the horizontal 
•hear diagram is similar, in character, to the vertical shear diagram; 
but is opposite in sense,. positive vertical shear corresponding to nega- 
tive horizontal shear. 

53. If the horizontal shear is resisted by a fastening applied at only 
OM point, said fastening must be made sufficiently strong to resist the 
sum of <xU the horizontal shears between such point and that where the 
•hear is » 0. 

54. In Fig. 9, diagrams (6) and (c) show respectively the moments 
and the vertical shears due to concentrated and distributed loads on a 
bemn as shown; and, in Fig. (d), each ordinate represents the force 
which must be applied, at the corresponding point, in order to resist 
the sum of all the horizontal shears between that point and the point 
of *ero shear. Ordinates above a zero line indicate positive moments or 
•bears, and vice versa. In positive moments, the segment to the Ufi of • 
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section tends to turn dockwUe. In positive shears, the left-h&nd segment 
^nds to slide upward or the upper segment to slide toward the right. 
Between o and c, between c and d, between g and h, and between h and 
6, all the diagrams are straight lines, Figs. (6) and (d) being inclined, 
and Fig. (c) horizontal. At c and at h. Figs, (h) and (d) change their 
inclination, and Fig. (c) shifts its position. Between d and /, and 
between / and g (i. e., under the distributed load). Figs, (6) and (d) are 
parabolic curves, and Fig, (c) shows inclined straight lines. At /, Figs. 
(b) and (d) change curvature, and Fig. (c) shifts its position. At c, tne 
point of maximum moment. Figs, (c) and (d) change signs. See Relation 
between Moment and Shear, Statics, 359 to 368. 



iS5. Inasmuch as the horizontal shear is a resistance to bending, its neglect, 
in the common theory of beams, us heretofore explained, is in general on the 
side of safety. But, in beams composed of horizontal layers, means must 
be provided for its transmission from one layer to the next. 



66. Thus, deep wooden beams, Fig. 10, are frequenvly built up of two of 
more timbers, one above the other. In order to prevent deflection, due to 
the sliding of these timbers upon each other, blocks are inserted between 
thorn at intervals, as shown, or the adjacent sides of the timbers are so 
notched as to interlock. In either case, the timbers are tightly bound 
bigether. The blocks or notches then serve to transmit the horizontal shear 
from one timber to the other. In Fig. 10 the blocks are more numerous near 
the ends of the span, as required by the diagram of horizontal shear, Fig. 0 (d). 
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Dellecttons. 

97. The opposite table gives the defleetiona within the elastic limit 
of any prismatic l>eam (beam of uniform cross section throughout) under dtf> 
Cerent arranKententa of Hnpport and of load; also (in the last 
column) the extraneous load whien will produce a sr^ven deflection, 

without assistance from the weight of the beam itself. All the formulae are based 
upon the a^'sniuption that the increase of dedectioii is proportional to increaM 
of load. 

The letters ■'ignify as follows: 

d = deflection of beam, in inches (see Figs), 

W = weight of extraneous load in pounds 
w — “ “ clear span of beam, in pounds. 

I = clear span of beam, in inches (see Figs). 

E = modulus of elastioiiy of the material of the beam, in lbs. per sq. inch. 

I moment of inertia of the cross section of the beam, in biquadratic inches. 
See “Unit of Moment of Inertia,” p. 46S. 

From the principles embodied in the opposite table, we find that in beams si 
aimilar cross section and of the same material, and within the elastic limit, the loa^ 
and deflections (neglecting the weight of the beam itself) are as follows: 


With tlie same 


•pan 

^ and breadth 
“ »< depth 

breadth “ “ 


and breadth 
“ depth 


The deflections under a given extraneons load are 


inversely as the breadths and as the cubes of the depths 
directly 


breadths 

cubes of the spans 


The extraneourt loads for a given deflection are 


directly as tlie liceadtlis and as the cubes of the depths 
inversely 


In eadtliH 

oulies of the spans 


Deflection to Terms of Extreme Fiber Stress. In table, p. 474, 

the load W =» kS whore * - a coefficient, as Wlow; S - unit atreaa 

in extreme fibers; I ■= moment of inertia; T »■ distance from neutral axis 
to extreme fiber, and I ■= span. I'roin the table opjxisite, we have: 

W • m ; where m •“ a coefficient, as below; d - deflection, and 

I A PS 


E modulus of ela.sticity. Hence, k S 
PS 


; and rf - - . 


m ■ ET 


In a cantilever, loawled at end, 

uniformly. 


m - 3; * - 1; c - f. 

m - 8; ifc - 2; c - 4. 

In . beam. .upp.>rte<l, and loaded at center, _ m - 48=^ k - 4, n - 12.^ 

“ “ fixed “ *' center, m - 192; * “ 8; e 24. 

44 44 «' ’ o “ uniformly, m •" 3W; ft “> 12; c »=• 32. 


35 
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Elantlc lilmit. 

S§. Under moderate load^ the deflections are practically proportional to 
the load. When they begin to increase perceptibly faster than the load, the latter to 
•aid to bare reached the elastic limit., or limit of elasticity. It is generally at this 
point that the << permanent net” first becomes noticeable; i. e., after* removal 
of the load, the beam fails to return to its original unstrained condition, and remains 
mure or less bent. The deflections then also begin to increase irrtgularly ; and to 
eontinne indefinitely without further increase of load. In short, the besm is In 
danger. Hence, the actnal load muit never exceed the elastic limit; and should not 
•xoe^ from one-third to two-thirds of it, ac« ordiug to circumstauces. 

Th« limit of elsuitloltj of a beam of any put ticular iorm, or material, (s 
determined bjr expaximent with a similar beam, .as in the case of coubtants 
for breaking loads, to. Thus, load a beam at the center, by the careful gradual 
addition of small equuJ loads; carefnlly note down the deflection that takes place 
within some minutes (the more the better) after each load has been applied; in order 
to ascertain when the deflections begin to increase more lapidly than the loads ; for 
when this takes place, the load for elastic limit has been readied.* 

It it not the deflections of the whole beam that are to be noted, bat those of its 
clear span only. Several beams should be tried, in order to get an average constant, 
for even in rolled iron beams of the same pattern, aud same iron, there is a very 
appreciable difference of strengths and deflections. 

Then, to get the constant, using the total load applied during the equal deflections, 
toolading half the weight of the beam itaeif, 

Conatant for elastic limit ^ Totaljoad in lbs. 

Bruadth in inches X Square of depth in iuebes 

The eonstantf for wooden beams, may be had, near enough for common 
practice, by taking one third of the breaking constants in the table, page 476. 

Said constant, thne calculated, is the elastic limit of a beam of the given shaps 
and material, 1 iuch broad, I Inch deep, and of I foot span, supported at both ends 
and loaded at the center. To obtain from it the elastic limit of any other beam of 
the same design ( aud the mmo msterUI, similarly supported and loaded, hut of other 
dtaneusions. 


filMttc ___ constant V in inches X square of depth in inches 

spaiVfmi 


If the lieani is 

supported at both ends and loaded at oenter, 

“ “ ** “ “ •* uniformly, 

fixed t “ “ “ “ “ at center, 

» “ “ uniformly, 

“ one end “ ’* at Other end, 

“ “ 14 «< uuifornil;t, 


Multiply the 
result by 


2 

2 




•Of course, in practice, it is frequently difficult to ascenain with precision, when, 
or nnder what load, the deflections actnaliy do begin to inerrase more rapidly than ths 
sncceesivs loads. For although by theory the deflections are practically equal for 
equal loads, until the elastic limit is reached, yet In fact tliey are subject to 
more or less irregularity ; for no material composing a beam is perfectly uniform 
throughout in texture and strength. Hence, instead of regular increase of deflec- 
tion, we shall have an alternation of larger and smaller ones. Tlierefore, some Judg- 
ment is rsqnired to determine the final point; in doing which, it is better, in case 
of doubt, to lean to the side of eafety. It is aMomed always that the load is not 
ful^ct to jars or vibrations. These wonld increase ths deflections. 

f A beam to said to be fixed ^ at eiither end when ths tangent to the longitudinal 
mus of the deflected beam at that end remains always horixoutal. 

tThs i^ajm of tha two beams need not be oimilar. For insuncs,ti>e constant 
dedooed from experiments upon any reotangnlar beam is applicable to any otbef 
rectangular beam, whether square or oblong. 
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The Elastic Curve* 

50. When a cantilever, Fig. 1, or a beam, Fig. 2, supported or fixed in 
any manner, bends, under the action of any load, the neutral surface, n n, 
iorms a curve, such that, at any section, 

p == I S . 

M M/b’ 

where 

R =■ the radius of curvature, at the section; 

M the bending moment, at the section ; 

1 — the moment of inertia of the section; 

g 

E — the elasticity coefficient of the material, =» ^ ; 

S ==■ any unit stress within the elastic limit; 

k “ the unit “stretch” (elongation or compression) produced by S is 
the given material. 



Fig-. 1 (repeat^). Fig. 2 (repeated). 


The Deflection Coefiflcient. 

60. Definition. The deflection coefficient, for any given material, is the 
deflection, in inches, of a beam, of that material, 1 inch square and of 1 foot 
span, supported at each end, and carrying, at its center, an extraneous load 
of 1 tb. — I w', where w* = weight of clear .span of beam alone, in lbs. 

61. Let y — the deflection coefficient for any given material. Then, in 
any rectangular beam, of the same material, with center load or uniform 
load, let 

b = the breadth, in inches; 

d - the depth, in inches; 

L the .span, in feet; 

w ^ the weight . in lb.s.. of the clear span of the lieam itself; 

W center load + 1 w; 

--- I (uniform load +«>)• 

Then, in the given beam, 

W L® L® . V 

Deflection - Y - Breadth* - b - W . 

Load - W - Depth* - d - ^ 

62. The deflection c<H*fFioient, w, for any given material, is obtained by 
experiment, thus: At the center of any rectangular beam, of the given raat^ 
rial, placed hori/ontally ution two supports, at any convenient and known 
distance apart, place any load that is within the elastic limit, and measure 
the resulting deflection. Y. Let W •= the extraneous center load + I w, 
where w — the weiglit, in lbs , of the clear span of the beam itself. Then 
the deflection coefficient is 

where b and d the breadth 'and depth, in inches, and L — the span, in 
feet, of the ex;)eiimental beam 


♦ In calculating the breadth or the depth, if it is necessary to provide for 
the weight of the beam it. self, we first let W = the extraneous load only, 
and then proceed by successive approximations, as in H H 4,5 and 46. remem- 
bering, however, that in the case of deflections, 5-8 of the weight of each 
additional section is o be taken as equivalent center load, and not 1-2 ae in 
the case of stren^hs. 
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63. The ratio between any two homologoua lines, in any two similaT 
figures, is constant. Hence, in iletermining or using coefficients, whether 
for strength or for deflection, by comparing beams of similar sections but of 
different sizes, we may use any two homologous lines in place of the two 
breadths, or in place of the two depths, or the same line may be taken in 
place of both breadth and depth. 

Thus, in Figs. 11, B ,'6 = !>/</“ R/r =- 2, 



FIrn. 11. File. V. File. Y. 



63 a. From the foregoing and from f 31 , p. 473, it follows that, with $imxlar 
cross sections but equal spans. Fig. -Y, the strengtlis an* proiiortional to 
the cubes of any homologous lines in the two sections, but, with beam* 
sinular in all respects, including span, ?’ig. T, the strengths areas the 
of any homologous lines m the two sections ; i. c., as the areas of the two 
sections. 


64. Deflection coeflieient for beams of rectangular cross section. 
See 60, 61. Ream 1 inch wiuarc, 12 ms span. W t- ocn load + X 
weight of clear span) = 1 pourul. From p 4W, we have , 

« « , « • . !•' W 12' X 12 432 

Dell coeff = defl, y, in ins, at cen, = r--,. , ^ . 

1 r. r. 


65. Cantion. The deflections of timber of the same kind vary ^creatly 
with the degree of seasoning, the age of the tree, the part from which the 
beam is cut, etc. In our own exjieriment.s on gooil pieces, well seasonal, on 
which the loaiis were allowetl to remain for months, less than 2 |>er cent, of 
the breaking load profJuceil a jiermanent set m a few months. .Several of 
the sticks bore their breaking loails for months before art u.ally giving way. 
The vibrations and jars, to which all structures are exposed, in time increase 
the deflections. 


66. Eccentric t'oncentrated l^oadu. I.et Y, P'lg. 12 (a), be the 
deflection, at the center of the span (i. e.. at the point of application of the 
loari) of a beam supported at each end, due to a load, W , within the elastic 
limit, at the center of the sfian. Then, if the same load, W, be placed eccen- 
trically upon the same lieam, as m Fig. 12 (b), the deflection, Y', at the 
point, c, of application of the load, ami due to the loa<l, W, is 

y, Y ^ **”**”*• 

/I • 

where 

/ •“ the span ; 

m and n -• the segments into which the load divides the span* 
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67. Cnlforta Loads. Let Y be the deflection, due to any central ex- 
l^neot^ load (within the elastic limit), on a beam supported at each end. 
Then the deflection, Y', of the same beam, due to the same lo^ uniformly 
dLstributed over the span, is 



Inclined Beams. If the beam is inclined, use the horizontal pro* 
lection of Its span, in place of the span, I, in detcrminiuR its deflections. 

69. Cylindrical Beams. Let Y be the deflection of a square beam 
under any ffiven load. T. hen, for a cylindrical beam whose diameter «• side 
the square, the deflection, under the same load, is « 1.698 Y. 



Figr. 12. Fiff. la. 


70. I'igs. 13 (a) and Q>) show, respectively, the strongest and the stiffest 
rectangular .section-^ which can be cut from a given cylindrical log, of diame* 

ter, I), In the strongest section Fig. (o), a c - , and ^ 3 I® the 

D / Q 

stifTe'it section Fig (6), ac *■ andd ” A . 

4 >4 

71. Maximum Fcrmtssible Deflection. Under even a perfectly 
safe load, a beam mav bend too much for certain purposes. Thus, to pre* 
vent the cracking of the plaster of ceilings, it is usual to limit the deflection 

of beams to ^ inch per foot of span => 3i ins. per 100 ft. In long 


inch per foot of span => 3i ins. per 100 ft. In long 


lines of shafting, for machinery, the deflection is usually limited to « 

IJOO 


1 inch per 100 feet of .span ; in highway bridges to 


I 3 

- inch in 10 ft.} 
16 


in railroad bridge.s to , - « inch per 100 feet. 

lOUU 4 

72. Let Y «■ the maximum permissible deflect ion, in inches per foot ol 
span, in any given case; 
y -> the deflection coefficient. 60, etc. 

L « the clear span of the beam, in feet; 

tc « the weight of the clear span of the beam, in lbs.; 

„ W =« the center load + i v; 

»=• f (uniform load + w). 

Then, Y L - the defleetion, in inches, for the whole span, L, and we havev 
for the permissible loud, W, and the required breadth, 0, and depth, d, lor a 
rectangular beam (see H 61): 

_ . ^ YLbrP Yh<P ^ 

Load - W - 

Broadlh* - 6 - 

Depth • - d - -y/W . • 

• See foot-note to 1161. 
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Suddenly Applied Loads. 

^73. Suppose a load to be applied to a flexible beam 5?uddenly, though 
without falling or jarring; as, for instance, if it be supported b}' a cord which 
allows it just to touch the beam without bearing upon it, and the cord be 
then suddenly cut in two. The deflection of the beam, in such a case, is 
theoretically twice as great as when the same load is applied gradually, as by 
very slowly relaxing the cord, or by dividing the weight into small fragments 
and applying them at intervals, one by one. See HH 35 etc, under 
Strength of Materials. Hence the strength of the beam (within the 
elastic limit) is much more severely taxed in the former than in the latter 
c^. A heavy train, coming very rapidly upon a bridge, jiresents a con- 
dition intermediate between the two. 


Cantilevers and Beams of Uniform Strength. 

74. For equilibrium, the resisting moment, R, of any section, must bal- 
ance the bending moment, M, at that section. Or, 

1 .1 - M; or, S - M . ; 

where S *=» unit stress in extreme fibers; 

T distance from neutral axi'? to extreme fibers; 

I -» moment of inertia of section. 

75. In a beam of uniform cross-.section, therefore, since T and I are uni- 
form throughout the sjian, the unit stress, S, on the extreme fibers, varies 
with the bending moment, M. For uniform strength agnin.st bending mo- 

T 

ments, the cross-section must so vary that -j shall be inversely proportional 
to M, in order that S may remain con-stant. 

76. The following table shows, in elevation and in plan, the theoretical 
chapes of rectangular cantilevers and beam.s of uniform strength Bgniii'*t 
bending moments, under concentrated and uniform loads. In practice, 
some of these shapes would of course have to be made stronger near their 
ends, in order to provide a sufficient section to resist shear. 

77., Notwithstanding the reduction in material which would be effertefl, 
by using beams of uniform strength, their use is seldom economical, exceiJt 
In the case of cast iron. In timber, the material removed would not be 
caved: and, in steel, the saving in material would often be offset by the cost 
of additions labor. 

Moreover, it will be noticed that the deflections of beams of uniform 
ctreni^h, under a given loading, are considerably greater than those of Wms 
cf uniform cross-section. 

In the table, 

W concentrated load; 
w -• uniform load per unit of span; 
i <- span; 

X ■■ distance from a support to any given section; 
d -■ depth of beam at that section ; 
b •“ breadth of beam at that section; 

D maximum depth of beam? 

B “ maximum breadth of beam; 

8 unit stress In extreme fibers; 

E - elaHicity coefBcient - . 

unit stretch 

Y' — deflection, due to extraneous load, in beam of uniform strength; 
Y — deflection, due to extraneous load, in beam of uniform cross-sec- 
tion " maximum cro.ss-8ection of lieam of uniform strength 
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Cantilevers of Rectang:ular Cross-section and of Uniform 
Strength. Profiles, Plans and Deflections. 

For symbols, see H 77. 


Concentrated Load, — IT, at end. 



Breadth, b, con.stant 


B 

Jl 


Profile, parabola, with Tcrtei at load. 


V tt Wjc _ 8 Wfii 
Sb ’ EbD3 


2 Y, 


D — Maximum depth. 



Uiilform Load,^«p per unit of apan. 



Breadth, b, constant 
Profile, triangle 




Depth, d, cuiistant 

Plan, two parabolic curves, with vertices 


at fi'oo end. 


3 tr 
8d* 
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Beams of Rectangular Cross-section and or tlniform Strength. 
Profiles, Plans and Deflections. 

For symbois, see opposite pujre. 


Cuueciit rated Load.'^ll', at center. 


% 




Breadth, b. cimstant. ^ 

Profile, two parahulic ouiwen, with vertiees 
at suptiorts. 

D at center of upon 






— 1 

Depth, d, constant 

B maximum width 


Plan, two triangles 






_ SWx 

y' . 3W1* _ 3 Y 


1 ” Sd* ■ 

8EBd^ 2 


Unll’orDi Load, » ye per unit 



Breadth, b, constant 


Proflie, elUiwe or scmJ-cUiptie 


-VlT 


Depth, d, constant 

Plan, parabolas with TcrliccH at ccutc r of siiaa 


j 
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Symbols in table opposite: 

W => concentrated load ; w « uniform load per unit of span; 

/ — span; r = dist from a support to given sec; 

d = depth of beam at that sec ; b = breadth of beam at that sec; 

D = maximum depth of beam; B => maximum breadth of beam^ 

S = unit stress in extreme fibers; 


K 

Y' 

Y 


elasticity coefficient = 


unit stress 
unit stretch ’ 

deflection due to extraneous load in beam of uniform strength ; 
deflection, due to extraneous load, in beam of uniform cross-sec- 
tion » max crobs-section of beam of uniform strength. 


Continuous Beams. See also 134-6. 

78. A continuous beam is one which m-its upon more than two supports. 

79. The resistances and deflections of continuous beams, like those of 
beams with fixed ends, are determined by means of the elastic curve, using 
the calculus. The more important facts, thu.s deduced, are indicated in 
Fig, 14 and illustrated table, \ 89. 

80. Fig. 14 represent .s the general character of the deflections, and the 
variations of the moments and of the shears, in uniformly loaded continuous 
beams. 

81. Moments. Fig 14 (f>). Ordinal et. drawm ohovc the zero line, a' b', 
represent positive moments, or tbo.se where the segment of the beam, to the 
left of any section, tends to revolve clockwise; and vice versa. 

82. At each end of the beam, at one point, i (called the inflection point, or 
point of contrary flexure) in each end span, and at two such points in each 
remaining span, the moment is zero. 

8.3. .At anwther point, m, in each .span, the positive moment reaches a 
maximum for that span; while the negative moments reach their maxima 
if the .support.s. Both the positive and the negative moments vary in the 
different spans; but. if the span.s are equal, then the moments, at any two 
tHiints equidi.stant from the center of the whole l>eam, are equal. 



84. The moment diagram, liet ween each support and the point, ^ of 
nuiximum po.sitive moment on either side of it, is a semi-parabola, with its 
apex at m. 


8,'}. Shcara. Fig. 14 (r). Ordinates drawn above the zero line, a' 
represent positive shears, or those in which the fe/f-hand segment, at any 
‘•ection, tends to slide upward past thervAf-hand segmtnt; and vice versa. 

86. At the point, tn, of maximum moment, in each span, the 

Between each such point and the next support on the left, the shear is posi- 
tive, and vice versa. 

87. At each support the shear suddenly changes, by an amount - the re- 
action of the support. 

88. The shear diagram is a series of straight lines. 



+ 0.0779 “ 0.1053 + 0 0332 
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Bymiuetrical with it. 

amount of the maximum positive moment io 
^SV^h ™ppor?°® ® shear OP 

‘t'"' c^^ficient, a, for the distance, a I, from the 

^ span to the point of maximum moment in that span; 

di^^ances, a: I, from the same S 
if itf points m that span. In each central span, tS 

sum of the two values of x is »=■ 1. la each end span, x =* 2 o. 

♦ Hjian, the point of maximum positive moment is at 

the center of the span. In other word.s. the deflection in that span is sym- 
metrical, or a <=> 0.5, 


The numerical sum of the two shears, one on each side of a support, 
w «= the reaction of that support. At each central support, the shears, on its 
two sides, are equal. 

In the Figs., 


w 

I 

m 

m to t" 
V 

V w I 

a 

al 

X 

xl 


load per unit of span; 
span; 

the copflicient for moment; 
moment ; 

the coefficient for shear; 
shear; 

the C(M‘fffclent for distance to i>oint of maximum moment; 
distance from left support of any span to point of maximum 
positive moment in that span; 
the coefficient for distance to inflection point ; 
distance from left support of any span to either inflection 
point in that span. 


94, Fig. I.*) .shows the values of m and of v in a uniformly loaded non-con- 
tjnuous beam. Comparing these with the corresponding values in con- 
tinuous lieams, as .shown in the illustrated table, opposite, we see that the 
continuous hK‘am has con.siderable theoretical advantage. But see ^ 95. 



9.>, Certain practical considerations, however, materially reduce these 
advantages in many cases. Thii.s, in a continuous railroad bridge of 100 ft. 

spans, so designed that the maximum deflection shall not exceed ^ inch, a 
3 

'Settlement of — inch, in an intermediate pier, would deprive the bridge, of 

die support of such pier, and thus practically throw two adjacent sp&na 
into one, bringing upon their members stre&ses far in excess of those for 
which they were designed. Again, with moving loads, the theoretical ad- 
vantage may at times be much le.s.s than that due to a stationary load aod 
'adicated ia the illustrated table. 


18 
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Cross-shaped Beam.* 

96. In a cross-shaped beam, Fig. 16, of homogeneous material, loaded at 
center, let 


W 

E 

Y 
L. I 
D, d 
T. t 
1. i 
S, s 

P, V 


— the load; 

= the elasticity coefficient 


unit stress ^ 
unit stretch’ 


= the deflection at center; 

= the spans of 
— the depths of 
= the half depths of 
*= the moments of inertia of 
= the unit stresses in the extreme 
fibers of 

= the portions of W borne by 


the two branches respec- 
tively. 



Flff. 16. 


Then (see illustrated tabic, p 480), since the deflection is necessarily the 
same for both branches. 

L» P P p 

vT : Of 

El E t 

p ^ I.p. 

p 1 . L® ’ 

and, since P = 4 . j and p — 4 ~ | (see table, p. 474), we have 
a d \l/ • 


97. In other words, in order that both branches may be equally strong, 
their depths (independently of their breiidths) must be directly as the squares 
of their spans, or their spans directly as the miuarc root.s of their depths. 


*F. Reuleaux, “ Der Konstrukteur,” Braunschweu^ 1889. "Ihe Con- 
structor,” tranriated by H. H. Suplee, Philadelphia, 1893. 
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Traabverse Resistance of Flat Plates. For Buckled Plates, see p 1167. 

98 1 he laws governing the resistance of plates, to pressures normal to 

tnei! surfaces, are but imperfectly understood ; and formulas expressing 
them must be used with caution and a.s probable approximations. 

99. In the following table, the moments are those given, as sufficiently 
approximate, by Rankine, Civil Engineering, p .'i44, for supported edges; 
and the s^res.ses are detluced from these iimments bv means of the formula, 

L (P' ‘‘'yuibols, 101. See formulas for load, in rectangular 
beams, p 474. For plates with fixed edges, see t 100. 

A homogeneous oblong plate tends to split along its longer axis. 

■ 109. Fixed edges. If M be the moment, and S the maximum fiber 
stress, for a plate with supporlal p<lge.s, and if .Ifrand .S)^ be the correspond- 
ing values for the same load on the same plate with firtd edges, we may 
assume 

for central load, Mf = .1/ ; Sf — A'; 
for uniform load, Mf = M ; Sf - S. 

See lules for onhnary heuins. p 474. 


101. In a plate with nupporUd edges, let 
d — tliickness of plate , In an oblong plate, let 

= load t>er unit of surface ; L - longei span ; 

- total loa<l , 6 -= shorter span ; 

■= max bending moment ; in a s(;uare or circular plate, L *= h ; 

» max fiber stress. in a circular plate, r = radius. 


»• 

M 

.S 


Maximum bending moment, JMT, and maximum fiber stresa, A, in 

plates supported at edges. For fixed edges, see ^ 100, 


Plate 
Oblong 
L < 1.19 6 

L < 1.19 h 
Square 
Circular 


Central Load. 

I - Moment, M. 1 


W b 


IMate |- 
Oblong 
Sijuare 
Circular 




ir L 

w ^ 


3 w AiL. 

8 + &* 

TT 

Uniform Load 

- Moment, M, f- 

b 1 L5 tP 

b*’" L* i-b* 

1 

It) 

I 

"" 8 


— Stress, S. 

3 6 IF 
'2 1<P 

9 Lib W 

4 ' L* + b*'<P 
9 IF^ 

8 <P 

1 W* 

ir <P 


. tv 


— - - Stress 
L5 fe W 
L* + b*'fP ' 

cP 


1 w 

4 ■ L* + • d* 

/2 

8 ' d* 


102. In a circular plate, uniformly loaded, deflection at center — 
«' 2 1 
^ FfP where fc " ^ plates supported at edges I = g for plates fixed 

at edges ; E elastic modulus. 


* Since the stress (.S ~ M proportional to the stress. 

Under a given total load, W, in square or circular plates, and in reciangular 
plates where L/b is constant, is independent of the surface dimensions. 

t Compare F, Grashof, Theorie der Elaaticitat und Festigkeit, Berlin, 

1878. pp 336. 337. 
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TRANSVERSE AND LONGITUDINAL STRESS COMBINED- 

t03. AlthouRh the combination of longitudinal and transverse stress in 
the same piece is objeetionable. it is often unavoidable. Thus, in a timber 
roof, the rafters generally act both as columns and as beams 

In such case.g, the total unit stress, S, in the extreme fibers, is the sum 
of the uniform stress, due to direct compression or tension, and the. 
extreme fiber stre.s.s, Si„ due to bending moments only, under the action 
of the transverse and longitudinal loads combineil Or S - Sc -t- Sb- 
Let Mb = the bending moment due to the transverse load; Mo •= the 
bending moment due to longitudinal load, P; and M = the total re.sultant 
bending moment, Mb — Mp when the longitudinal load is tensile; 
— Mb + Mp w’hen the longitudinal load is corn nre.ssive. 

But Mp — P d, where P = the longitudinal load, and d ** its leverage, « 

s 

the deflection of the beam, due to all causes ; and (see *1 Tyl) d — ^ \ 

. Lie 

where I — span, Si, ™ unit stre.ss in extreme fibers, due to bending; 
E = modulus of elasticity; T — distance from neutral axis to extreme fibers, 
and c a coefficient, whose values, for different cases, are given in ^ 57. 

Hence, Mp = P ; and resultant moment M =» Mb * P . The 
Hi 1 c E 1 c 

resisting moment, R (see f 10), is = Sh ; and, for equilibrium, R M. 

I S 

Hence, Sb, ,p — Mb -f P g whence we derive, for the extreme fiber 

stress, Sh. due to bending only, under the action of the transverse and longi- 
tudinal loads combined, 

S- 3 B — ] where the longi- I g „ ) where the longi- 

p ^0 >• tudinal .stress is I P f* r tudinal .stress is 

I T tensile | I - - | compressive 

Besides this we have the unit atresw, S*. due tlirectly to the longitudinal 

P • 

load, P, and =* , where A is the area of cross-section of the beam. Hence, 

for the total unit stress, S, in the extreme fibers^ we have 


S “ Sp + S|, 


MbT 
P P 


I i 


Ec 


When the deflection, d, !.•< negligible, Mp - 0 ; 

MbT MT . , P 

— j- -- j , us in 10 : ar 

neglected, and this formula used. 


, M T 
A +“1' 


M ~ Mb “ Sb ; and Si. - 
In practice, d is frequently 



DIAGONAL STRESSES IN BEAMS. 


494a 


DlAGONAI« STRESSES IM BEAMS. 

Maximum Unit StremeH. 

104. When a body (as a bolt) is under ieuNlle ^or comp) streas 
only, the tendency of the body. a« regards sections normal to the stress, is to 
pull apart (or crush together) in the direction of the stress, or normally to the 
section, and the entire stress acts normally upon the section; but, on planes 
rtblique to the stress, the stress is resolvM into two components, one (n) 
of tension (or comp) normal to the plane, and one (f) tangential to the 
plane (shearing stress). 

105. Under Mliearinir atresft alone, the effect, upon a plane parallel 
to & betw the 2 shearing forces, is pure shear; but, upon planes oblufue 
to the forces, the shearing forces are fe8olve<l into (0 tangential or sheanng 
stresses, and (n) normal (tensile or comp) stresses. 



106. Thus, Fig 17, let a bar, of length, L, and depth, D, be subjected to 
.» tension, S - S', in line with its hor axis, and to two pairs of forces, F* V' 
and // * //', as shown; V and V' constituting a right-hand vert .shear, while 
11 and //' constitute a left-hand hor shear, 

Sujjpo.se the bar divuie<l by a section, aa N N,F G or K M, and consider 
the forces acting, in either case, upon the right-band segment of the bar as 
thus (livided. 

Ujjon the normal section, N N, the tension, S, and the hor shear, If, act 
normally (S aa tension, // as compression), and the vert shear, V, tangen- 
tiaTly (as shear), but, for an oblique section, F G or K M, we first resolve 
each force, S, V and H, into two components, b and y, c and e, a and x, 
respectively normal and parallel to the section, as shown by the force-triangles 
'111 the right.* Then, summing these conip.s. algebraically, we obtain the 
resultant forces, (normal') and Pj i, tangential or shearing), acting upon 
the Ht'ction in question. With the forces, *S, V and //, as shown in Fig 17, 
we have. 

OnsocFG, P^, tension, y + z — -r; 

Pf, right-hand shear, =- a + c — b] 

< )ii sec K M, P^j , compression, a + c — b". 

Pi, right-hand shear. = y •+ z — x. 

167. If, now, we examine all poiwlblt* plnnew cutting the body at a 
given jjoint, we shall find (1) one such plane upon which the resultant 
unit tensile stress reaches its max; (2) anothei, normal to (1), upon which 
the resultant unit comp stress reaches its max; and (3) two plan^, normal 
to each other & bisecting the right angles betw planes (1) & (2). Itpon 
the two planes last naniwl, (3), the resultant unit sheanng stresses reach 
their max. 


*In order that, for either force, S, V or //, the two foroe-tnang m (for 
the two sections, F G and K M) may l>e identical, and thus simplify the 
figure, we take the two sections, F G and K M , normal to each other. 
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108. Ijct Fig. 18 represent a Hfuall element in a bar under tensile & 
shearing stresses; and let it be required to determine the poHitionM »f 
fhefte planeM au<l the eorreMpon<llni( max HtreHHeM. Let 

9 = the original normal (tensile or comp) unit stress ; 

V ~ “ " vertical (Hhcanng) unit stress ; 

— h — “ " horizontal (shearing) unit stress ; 

9p = ■' max or min resultant normal unit stress ; 

“ max resultant shearing unit stress . 

,l — “ angle betw 8 and 

Then tan 2 .1 = . . .(1) 

s/2 

Vj. “ I (8/2 >■ + v' ....(2) 


max 8/2 + 1^ = «/2 + I («/2}- + i" 

«p mm — a/2 — =» «/2 — | («/2)- + r* 


If 8 is 


tension 

.oomp 


f + sign give.s max tension 

( — “ “ “ comp min tension 

I + “ “ “ comp 

i — " “ “ tension min comp. 


. ..( 3 ) 

.. .t4) 


100. Example. I^et 

* = 2000 Ibs/sq inch, tension (not drawn to scale); 

e A = 1600 “ / " ", shear ( " " " “ ). 

Here v i.s left-handed, A right-hamle*!. If this be reversal, the angle. A, 
betw the resulting tension, , & the lior, w'lll be Mow the neut a.xia, 

110. Then tan 2 A - ™ 1.6; 2. t - r>H° ; A 29®; 

- [ (1/27 -f'v' - I 1000* + ItSOO-i -- 1S87: 

8p max «/2 + ** 1000 + 1887 2887 (tension'' 

«pmin - «/2 - - 1000 - 1887 887 (comp) 

111. In other words, wo ha%’0, aa roaullantM. (I ) a max unit tension, 
8p max 2887 Ibs/s^i in, forming an angle, A - 29®, with the axis of the 
bar or with the direction of a; (2) a min unit tension or max comp, 8^ min 

— 887 Ibs/sq in. normal to a^ max; (3) a right-hand unit shear, 1887 
Ibs/sq in; and a left-hand unit shear, — — 1887 Ibs/sii inch; the 
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directions of the shearing stresses bisecting the right angles betw the max 
normal stresses. 

112 . The max tension and compression, at any point, are called the 

•• principal «tre>i»CH ” for that point. 

Horizontal and Vertical Nhcar in Beainfit. 

See ulsi> pp 440 &.c, 446 &c, 450 to 45.3, 478-9. 

112. Let Fig. 19 represent the left half of a hoinoi^cnconN beam, of 
rectangular section; breaflth, I inch; depth, d, lOin.s; span, L, = 100 
'ns; with cen load, H',* of 200 IKs; left reaction, R — W/2 = 100 lbs. Weight 
of beam neglected. The beiidg mom, at cen of .sjian, is M = RL/2 = 
WLI-i* -■= 5000 inch-lbs; and the morn decrea.se.s uniformly,* from its max, 
at cen of .span, to zero at the simport.s. In the extreme upper & lower fibers, 
the longitudinal unit stre.ss, (* 10, p 468) «, ^ MT/I, where T — d/2 = 
dist fiom neut axis to extieme fibers = 5 ins; 1 = inertia mom of cross 
section - M^ll2 « 1000/12. Hence, in Fig 19, « — 12 X 5 JVf/1000 = 
0.06 M. Now H, being thus jnoportional to M, also decreases uniformly,* 
from Its max, at cen of .span, to zero at the .supports. V' allies of Af and of 
«, for the .section.s 0, a, h, c, d, e, are figured on the diagram. • 



* Fnder a umformbt distnbuUd load, the bendg inom, at cen of span, 
w IFL/S; and the bendg moms. M, and the resulting longitudinal unit 
stressed!, s, vary a.s the ordinate.s of a parabola, as indicate by the dotted 
parabola, r m f, at top of Fig 19, which corresponds to a uniform load 400 
lbs =* 2 \V The unit shears, v, in a given hor section, then decrease uni- 
formly. from a max, at the support.s, to zero at the cen of the span. Com- 
pare 3d and 4th figures, p 474. 
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11 1. The unit hor tensile and comp strcHses, 8, at the several points 
in any vert section, are proportional to the dists of those points from 
the neutral axis, as indicated by the diagram at each vert section, Fig 19. 

115. In Fig 20, let n and g be two vert sections of this beam, such that, 
at n and at g, the extreme unit fiber stresses are: m n — 15, and u g = 2.5, 
respectively. Then the rectangular portion, n f, of the beam, 
betw sections ii A* |p. is acted upon by a series of net or resultant forces, 
ranging from compression, eg ^ug — mn = —25 — (—15) = —10, at 
the top, to tension, = +10, at bottom, as indicated by the diagram, e k. 

116. Sumiose the piece n/ to be divided into 10 hor strips of equal depth, 
= 1 inch. Then the net unllNtreaiiCNii. s, acting at the tops and bottoms 

of these strips, resj^ectively, are those, (—10, — 8, —6 6, 8, 10) figureii 

from e to k\ and the mean stress, or (since depth of each strip ^6 = 1) 

the force, acting upon each atrip, is that (—9, —7, —5 5, 7,9y 

figured betw g and / 

117. Theae forcea are tranamltted. from strip to strip, thru their 
surfs of contact; and, in determining the shearing force, acting in the hor 

E lane betw any 2 strips, we regard the upper (or lower) strip as acteii upon 
y its own push or pull plus (algebraically) those of all the strips above (or 
below) it. 



118 . Thus, the 3d strip from the top is pushed to the left by a force of 
—9 — 7 —5 “ —21, while the 4th strip), just below it, is pulled to the right 
by a force of 9 + 7 + 5 + 3+1— 1—3 == 21, Hence the surf betw 
the 3d and 4th strips, sustains a counterclockwise ahcar of 21 ; which, 
divided by the area, bl - I, of that surface, gives the unit ahcar in the 
plane betw the 3d and 4th stripis. With central load,* this unit shear is 
uniform from each support to ceii of span, where it changes sense (from plus 
to minus, or vice versa) but is of the same intensity in the other half-span. 
See 3d Fig, p 474, 

119 . In any vert Hcction of the beam, let 

V = the total shear 

= “ reaction of either support, minus the sum of all loads betw 
that 9Up)port and the section ; 

7 — " inertia moment with re8p)ect to the neut axis; 

b = ■' breadth; d — depth ; 

a " area above (or below) any given jioiut in the section; 

— “ diHt from neut axis to er&v cen of a; 

ac static mom of a, with respiect to the neut avis; 
r *= the unit vert shear = unit hor shear at a given point. 


120. Then 



r 


fi r 
/// 


*8ec foot-note p» 494 c. 
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At the neut axis, (■=■ a c) 


dh 
i ' 


Hence, »t 


the neutral axia; 


V 


V 


12 f 

S bd^ 


.3 

2 


d 

4 


■ bd 


iPh 


*=* -'j X the mean vert shear in the cross section. 
Sec also 51 etc. 


Since, under a center load, (If 113 and Fig 19) s increases uniformly, from 
?ero (at support) to «max (at span center), we have, for the increase of s, in 
any portion, as n = /, Fig 20, of the span : 

^ o ^ 

Sgf — an =* 8max j^2 * ^ ^ . 


121. At the left of Fig. 19 is a diairram ahoninif the unit itheara 

in the several hor sections. 

122. Let Fig 21 represent a small element of a body, of unit thickness, 
normal to the paper, and acteil upon by a right-hand vert shear, V' = r D, 
(where r — the unit vert .shear, and D = the depth of the element) and by a 
left-hand hor .shear, II - h L (where h = the unit hor shear, and L =* the 
length of the element). For equihb of moment.s, we must have 

V L = II I); or r D L h L />; or r - h. 

In other word.s, 

unit V4‘rt shear ^ unit hor *ihear. 


jr==ftL 


n 

i 

-_j 

■! 

□ 



riff. 31. 


Maximum I'nlt Ktresses in Beams. 

123. The common theory of beams ipp 4t)f‘» to 494,1 H 1-103) 
considers only the loiiffitiidinal tensile and compressire forces 

and the vert and hor Mheariiiff forces, due directly to the load and to 
the upward reactions of the suuporte, and acting, at any point, upon vert 
and hur planes passing thru such point; but, except in certain limited por- 
tions of the l>eam, the.se stresses are not the maximum stresses act- 
ing at such point; for they combine to form resultant diagonal streeaee, 
acting upon diagonal planes (naasing thru the .same point); and, upon some 
of these diag planes, the resulting normal and tangential stresses are greater 
than either qf (he original stresses. 

124. The common theory is sufficiently well adapted to beams of 
many kinds, and especially to st€*el bc>ams. where the loni^itudinal forcee 
are resi.stefl by the flanges, and the shears by the web; but in certain poi> 
tions of deep and heavily loaded beams, esoecially those of reinforera 
concrete, the diagonal resultant or maximum stresses are the 
ruling stresses, and must not be neglected. 

125. In a beam, at top and bottom, we have, respectively, hor ten^e 
and comp stresses only, and, at the neut axis, shear (vert 4: hor) onw; 
but, at ^1 other poinl.s, we have shear (vert & hor) iMtinff coiyolnuy 
with hor stresses, either tensile or comp. At all point8,the8e shearing mo 
longitudinal stresses may be resolved into <»mponettW, norre^ a 
tangl to any plane, at pleasure, as in the case of the bar or bolt, rig 17. 





braically Mammed into rewiiltantfi ; but the original stresses vary in 
intensity, and the resultant stresses both in intensity and in direction, from 
point to point. For the dtreetlonfi and value« of these resultant 
•tresses at their maxima, we have, from Eqs 1-4, ^ 108, p 494^; 

( 1 , 

V, - (2) 

«p « «/2 ± - «/2 fc ; ( 3 ) ( 4 ) 

where 

a » original unit tensile or comp stress at the imint ; 

V » original (vert or hor) unit shear at the point. 

The max normal stresses, Sp, are called the principal strcawcu. 

137 . Applying these formulas at numerous points in the profile of the 
beam. Fig 22, we are enabled to construct carves. Fig 23, showing the 
directiant of the stresses ; and to plot, as in Fig 24, for given points, the 
directions and Intcnaltlca of the stresses there acting. At any given 
point, Fw 24, we have resultant normal and shearing stresses analogous tn 
those in Fig 18, p 494 6; but, in the present Fig 24, owing to want of space, 
only the max pnndval stress, tp max, is shown for each point selected. 
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12S. In Fik. 23, the directions of the principal , are repre* 

Rented by the solid curves; those of the resultant Hlicars, , by dotted 
curves. 


Of the solid curves 
(pnncijial stresses) 


cfincavc 


horizontal 
at cen of span 


at 45^ j at 90° 
with , with 


The tension cui ves are upward below neut axis neut axis.topofbeam 
The coinpreHsion curves are downwd above “ “ . “ “ hot “ “ 


The tensile and comp curves are normal to each othei at their intersections. 

129. FolinHiiiic any €*iirvc (concave upward) of normal tension,* 
we find that, 

(1) foi its point of tnilK'cncy wilh Ihc lior (viz: at cen of span) 
8p max == tension — « , nun ^ comi) 0 ; 

(2) foi the point wli<‘re Ihc <‘nr%c <*rOM>*c« Ihc ncul axiM fat 45®) 

max (tension) — ftp min (comp) = — ±v (shear), 

(3) alMivc the nciil axiM. the tension becomes Sp min, and continues 
diminislunu, as the direction approaches the vert, becoming zero at top, 
where .1 = 90°. Above the neut axis, for points in the same curv'e, the 
compreaHion {normal to the curve) is now Sp max, and increases from Sp = 
ly = ir, at the neut axis, to Sp max (comp) «, at top. 

130. Where \ - xero (viz. at anv point in the vert cross section at 
cen of span, and along the extreme upper and lower fibers), we havefH 126): 

ty =» s/2 

Sp max * «/2 + tJy “ « ; tan 2 A = 0 ; 

Sp min “ «/2 — «= 0 ; tan 2 A “ 0. 

131. The equation, tan 2 1 “ 0, gives either 2 A = 0® or 2 A =- 180°; 
1 . A * 0°, or A = 90°: but w'c know that, at cen of span and along tlie 
extreme upper and lower fibers, max is hor, or A 0°; and e_ min is vert, 
or A « 90°. 

132. Where s » sero (as at the neut surf and where bending mom 

- zero), we have (H 126) : u, = ±r; Sp max = Sp min = V ±v\ 
fan 2 A “ oo ; 2 .4 = 90° ; and A = 45°. 

133. Of the (dotted) Nhesr earveN, Fig 23, those of one set are tan- 
gential to the neut axis and reach top & bottom of beam at angles of 45°, 

tending away from cen of span; while those of the other set are normal to 

these and to the neut axi.s at their intersections, reaching top and bottom 
of beam at 45°, tending toward cen of span. 


tan <’ONTINI OrS BKAMlfi. 

See also 78, etc. 

134. Fig.s 25 and 26 show po.Mtive and negative bending momento 
In two continuous hcnnifi. Fig 25 of two equal spans, and Fig 26 
of three e<|ual spans, resting freely upon their supports. Each span •» 1. 
F.g 26 Uhree spans) may lie used, with sufficient approximation, for cases 
where the spans are more numerous. 

♦ Converse^ for curves (concave downward) of normal compression. 
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135. At any cross section, the ordinate, betw the axis, 0 X, of aV>8cis8as, 
and the curve, (1) m,„, (2) nip pot, or (3) neg, represents, respectively, 
by the scale of ordinates on the left, (1) the (lead load moment, (2) the 
max positive live-Ioail mom, pot, or (3) the max negative live-load mom, 
TWp neg, at that section, the dead load (1 per unit of span) being tiniformly 
distributed over the entire lensdh (two or three spans, as shown) of the l)eam, 
and the live load (1 per unit of span) being uniformly distribute alternatelv 
over two portions of the length of the beam, said portions being, for each 
cross section, such that the uniformly distributed live loiul, placed upon said 
portions, will produce, alternately, the max pos and the max neg mom at 
that section. 

136. In an actual beam, at any point, we have, for bending mom: 

M * ffjjp w U + Titp p I? ; 

where 

rWy, = the ordinate, at the point, from 0 .Y to the curve 

nip m p pot or nip neg \ 

w “ uniform dead load per unit of span; 

t) --- " live “ “ " “ “ , i)l!ice<l iis explained in H 135. 

L => the actual span. 

Thus, at the point, a. Fig 26 (distant 0.7 L from 0), we have, by scale, 
0.035; nip pot 0.070; neg -=- — 0.035. Hence, at point a, 

max pos mom ^ 0.035 «’ /.* + 0.070 p A’; 
max neg mom =-- 0.(Xio w !? — - 0 035 p I?. 

If. therefore, p ^ w, the max neg mom, at a, is zero, and there is no 
resultant neg mom to the left of o; but, if p -- 2 w, we have w - p/2 
(tc -f p)/3; and, at a, with p 2 w: 

Oiax neg mom -- 0.035 w A* — 0.035 X 2wl? 

- 0.035 — 0.070 0.035 w 1? 

- ~ 0.035 (u? + p) z^/a. 
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COLITMHS IH OEBTEBAli. 

Strenirtb of Colamnn, Plllarti, Ntrats, of Uniform 
CroHS Section. 

(For iron and steel columns, sec pp 1189, etc, For wooden columns, 
see pp 1143, etc.) 

1. The axiii of a column is a line passing through the centers of gravity 
)f all its cross sections. 

2. If the line of action of the load coincides with the axis of tlm column 
in the end sections, the column is said to be sxiolly londea : other- 
wise, e€*centrlc»lly loailedl. 

а. Tnder an axial load, if the axis remains mathematically straight, it 
nnncides with the line of pressure throughout the length of the column, 
;ind the stress Ls uniftirmly distributed over each cross section, as indicate 
In- the parallelogram, a b. Fig 2. but eccentricity of loading. Fig 1 a. or IMK 
..f straightness in the axis. Fig 1 6, or of homogeneity m the material, will 
cause the axis to diverge from the hue of pressure. 

4. 'When the axis and the line of pressure fail to coincide, in any 

their divergence sets up, in that .section, a “ couple ” (see 148, etc, pp 4Ui. 
etc; *111 15o, etc, p)) 404, etc) represented by the two triangles, bca ana 
t cf. Fig 2, H t), below. 

5. In all ca»e.s. therefore, the diagram of the .stresses in the cross 
section consists of the paraIlelo|rram. a b, moditied or not the CMe 
may be) by the Iwo Iriangrl^. brd and er/. (In FiK the extreme 
fiber stress^ are: s = a/ (- ae + ef) and gd { - pb ~~ bd.) 

б. In very short colnmna. axially loaded, the parallelogr^ is 
but little (if at all) affected by the triangles; i e. the 

quite uniformly distributeil over the cross section; while, in vei^ slender 
eolnmiiM. on the contrary, the pressure is practically certain t-ohe unequ^ 
distributed: and the disturbing effects, representeil by the two tnanglw, 
may become the principal feature; so that the maximum unit ®tr^, on the 
concave side, mav greatly exceed the mean stre&s, o c or gb, r ig , wrme 
,h« unit atresa, od. on the convex aitie. may fall to zero or may even become 



T — H 

j 

a 


e 

pLf 

ri- 


ll-. 

r 


(«) '^(^r i — — 

FI*. I. *• 

7 In very sl.nd.r colnmnn. nnd»r 

thleh.'i.ia o? lenath X colnmT^av' M fo 

fibers, are relatively small. Hence, the wuumn m^^ 

1, -Ke chanires of length of the fibers, and therefore the 

P. increases also. The cpangt^i leng^^. increase of curvature; 

A v«rv sliaht obliquity. Fig 1 a. or deflection. Fig 1 b, may reduce the 

wH-& ;;;■«= ajs."! 
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are precisely similar, and tested under the same conditions. Hence, the 
behavior of columns is much less certain than that of pieces in tension, or 
even of beants; and liberal Mafc^ty I'actora Hhoalcl be employed 
m using formulas or tables for columns. 

10 . This lack of certainty, in respect to the strengths of columns, is 
especially unfortunate in view of the necessary and extensive use of eol- 
uinii«« as eompression members In bridg^e and roof trusses. 
See Quebec Bridge, p 1202 [under Iron Steel Columns]. 

11. The neutral axis of any section is a line, in that section, ptussing 
through its center of gravity and perpendicular to the plane in which deflec- 
tion takes ‘place, or in which it is supposeil to take place. cross section 
may therefore have a number of neut axes, as the col may be supposed to deflect 
in any one of a number of planes. Usually, however, when a col. of 
homijgeneous material, is left free to deflect in any plane, the nlane of deflec- 
tion is deterimned by the shape of its cro.ss section, and is that of it.s least 
radius of gyration. Thus, if the .section is circular, whether solid or hollow, 
deflection may equally well occur in any plane; but. in a square, deflection 
occurs in a plane parallel to either side; in a rectangle, in a plane parallel 
to the shorter sides, etc, etc. 

12. When the plane ot defleetion Ih predetermined by some 
constraining feature, as by the pins in Figs 3 c, economy of material 
re<iuires that the section Be so disposed, with reference to the pin, etc, that 
the leaxt radium of gyration (see pp 353 a, b) shall be perpendicular 
to the plane of deflection, as so pre<lelerinineil. When the plane of deflection 
IS not thus pre<ietermine<l, economy of material reijuires that the section be 
so designeil that the several radii of gyration be as nearly e<iual as may be. 

13. Since a structure is in danger when any portion of it sustains a stress 
exceeding the ela»»tle limit, that limit should be taken as constituting 
the ultimate stress. 

14. FatlKne. In our following remarks on this subject, the -pillars 
are supposed to sustain a con$tant load; and the ultimate or breaking loa<l 
referrw to is that one which would, during its first application, cripple or 
rupture the pillar in a short time. But struts in bridges etc often have to 
endure stresses which vary greatly in amount from time to time. Their 
ultimate load is then less. p 465. 

15. The resistance of a column is greatly affected by the arrangement 
of its ends, see Fig 3, below. Thus- 



rtK. 3. 


A. Free end. Column free to deflect, m any direction, about the other 
(fixed) end. 

In the following cases, the ends are supposed to remain stationary, 
xltho the axis is more or less free to bend. 

B. Roniid endA. Axis free to deflect in any vertical plane. 

Hing'ed or pinned endtt. Deflection limited to one vertical plane. 

D. Flat or square ends. Tangents to axis of column, at ends, 
fixed in position (see £>'), until rotation, at ends, takes place, as in IX. 

F.. Fixed endM. Tangents to axis of column, at ends, fixed in position. 

The two ends of a column may be differently arranged. Thus, one omy 
be fixed and the other round; or one fiat and the other pinned, etc. 
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Axial liOadlnitr. 

16. The weiicht of the column itoelf, whether vertical or hori- 
zontal, is here neglected. 

17. Let all dimensions be expressed m one and the same unit, as the inch, 
and all forces in one and the same unit, as the jiourid; and let 


o area of cross section ; 
r = its least radius of gyration ; 

/ = ar- — Its least moment of 
inertia ; 

T ^ distance from neutral axis of 
section to extreme filler on 
concave side of bent c«»l, 

L -■ unsupported length of col .'see 
*i 41). 

K - ^ - length ratio, or 8len<ler- 

nesh, of col ; 


fc, /«, c -= eoefficierits, as explained 
below, 

P* load on C(»lumn ; 
p* =: P/a = av unit load on ool ; 
** rr max unit stress i: -toss sec- 
tion , ! 

r: elastic limit of material; 

«( max unit stress in short co).; 

E eLostie modulus of material ; 
t- -= eceerifricity of load, P; Fig 5. 
J = deflection under load P Fig 1 b 
~ ma.x dist from line of pres to 
axis of col. 


IS. Enl<‘r*M formnln. See Fig 4. Let the column be slightly bent 
by a lateral force. Then the average unit load p, \\hioh will just suffice to 
hold the column in e<|uilibnum, in its bent condition, is 


. • (i; 


P , g h E 

a A* \ p 

P\)r round ends, = 1; for fixetl ends, h — 4. For one ri/und and on© 
fi\e<l end, b is usualls taken between 2 an<l 21. 

I'nder an.v less loud, or les.s K, the column will return to the straight 
condition, I'nder aii> greater loatl, or greater K, the bending will increase. 
See 8, 


l». For very long columns, Euler*** formula, 18, give.s results 
agreeing well with experiment; but, for practical lengths, it gives excessive 
load.s. See lines E t, E' c'. Fig 4. For practical lengths (if the column could 
renuiiri straight and axially loadeiL, and down to short blocks, w'e should 
have, for the ultimate strength, p — P/a — Se ■=• ela-stic limit, and the 
(liagrarn would be J b t: or J b' c', Fig 4. See *'• l.L 

30. Hut, owing to unavoidable imperfeetion.s, columns of usual lengths 
are liable to latcrd deflection, an<l the diagram therefore falls below the line 
Jbb', See '‘I'arabolic Formula," *! 28. ^ 


31 . Rankinr'N foriiiiilat for axially loade<i columns of practical 
lengths. Fig 2. 

.\.s in *1 17, let 

p == mean mat load on column; ** =* max unit stress in croa*' sectn ; 

H LJr = unsupported length ^ lea.st rad of g> ration ; m a coefficient. 

33. In an anally loaded column, 2) while unbent, we have 
« = p - P/a . 

3.*l. But, when the column bends, an additional unit stress, «i. is thereby 
thrown upon the material on its concave side (see •! 6), and we have, for the 
total unit fiber stress, s, on that side : 

s - p + *1 “ (P/a) -t- Si 

24. The bending moment, due to the deflection, d, Fig 1 b, of the column, 
is Af « Pd. 


* Under any given conditions, P and » are the total load and the avge unit 
loatl, resiiectively, corresponding to the extreme fiber stress, s, existing 
under those same conditions ITius. P. p and « may be those corresponding 

t«) ultimate or safe or any other loatling. . 

t W. J. M. Rankine, "Civil Engineering,’ p 523, ‘Gordon’s formula.” 
attributed to Prof Lewis Gordon, of Glasgow, uses the least diameter, instead 
of the least radius of gyration, of the cross section. 
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25. As in beams, p 467. we nave, for eq jilibrium between the bendins 
mament, M, and the resisting moment, R, 


26. In a beam, p 481, for a given fiber streas, the deflection, d, is pi 
tional to L^/T. Assuming that this is true of colunins also, we have: 
d =-- m {LVT) 

Hence. 

dT 1? T , 

»i =* p • == p . ni . 2 == P A' ; and 


« = P (1 + TO .... 

Hence, Rankine’s formula: 

P 8 



27. Ritter* gives TO = iefib E): and Crehoref gives to = tif(bn^K). 
For values of b, corresponding to different arrangements of the ends of tlie 
column, see ^ 18. 

For valurN of a and of 1/w, commonly useii in practice, and for 
diagrams of values of p/a = 1/(1 + to A'-*), in columns of metal ami wood, 
see Iron and Steel Columns, pp liH9, etc, and Wotslen CoIuitith, pp 114.’i, etc. 


28. Parabolic formula. J. B. JohuMoii.t 


= elastic limit of the material ; q 

Ultimate strength ^ ^ ^ ^ V 

lbs per sq inch, J ^ a q E 


- a coefficient. 

A* = Sg — Cp A®. ... (4) 



~ p E<i 


(ta) 


For values of q, see Iron and Steel Columns, % 20, p 1197. See also 
Wooden Columns, H 6, pi 146. 


29. Straight-line formula. For the sake of simplicity, with col- 
umns of practical lengths, we may use the straight-line formula: 


Ultimate strength, lbs per sq inch == p P/a =« — c K f.*)) 

A - (8,— p)/c (Tm) 

For valiica of a. and c. assigned by Thos. II. Johnson and others, 
sf-.’ .-'iL-el and Iron Columns, pp llStt, etc, and Woi^en Columns, pp 114.3, etc. 

The error, involved in the use of this formula, is probably much less than 
thoee inseparable from the nature of columns. 

30. Fig 4 shows a compariaon of rranltN by formulaa for. 
and experimrnta upon, round-riid mild atoci rolumna, as 

foUows :— For Euler'a formula, p is that unit load, in lbs per sq inch, 
'"''™®h win just hold, in slightly bent condition, a column of tne given E 
and A. For the other formnlaa and for Tetmajer's experiments, p 
IS the unit crippling load, in lbs per sq inch. 


• Dach- und BrUcken-Coostructiooen, 1873. 
t Van Noetrand's Magazine, 1879. 

t Modern Framed Stnictures. New York. John Wiley A Sons, 1893. p 160. 
S Trans Am Soc Civ Engrs, 1882, Vol viii, pp 97, 113. 11.'); 1886, 
Vol XV, p 517. 
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Flif. 4. 


Formalasi. 

/’ >■. Kuler, p =» ir* E = 27,000,000 lbs j»er aq inch ; 

l\ r'. Muler, p -= ffS EIK^ \ E = 30.000,000 lbs per aq inch ; 

U h. straight-line, P = 52,.')00 — 2X4 A' ; 

I. Tetmajer, straight-line, p => 44.000 — 162 K ;* 

./ j J. B. Johnson, parabolic, P => 42.000 — 1.489 A'^;t 

li I. Kank’ne, » = 42,000; l/tn ~ 6000; 

A' / Rankino, * *= 42,000 ; l/ni = 8000. 

Kxperiments. 

From Tetmajer ♦ : (dimensions approximate) 

? 16 round bars, from inch to 1% inches diameter. 

102 experiments, covering angles, 4X4 ins, T-shapes 5 X 2% me. 
(’hannels, .V/j X 2^ ins. Mx'atns, 7 X 3J,i ins ; riveted columns as follows:— 
2 iirigles, 3^i ins ; 4 angles, 2Vi ins; 2 T-shapes, 3^4s X 1% ins ; 2 channels, 
•0/1 X IV> ins. Kach point represents the average of tvo experiments. 


♦ Mitteilungen der Materialprufungsanstalt am schweizerischen Poly- 
technikum in Zilrich. Heft VIII. 1896. ..v . . 

1 1.489 - ieVv^bE -= 42.00(P/(9.87 X 30.000.0006). For round ends, 
6-4. Materials of Construction, p 363. Compare Iron and Steel Columns, 
II 20, p 1197. 
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31. T. H. JobiiMon finda that, for all tani^entfi to Eulrr*(i 
cnrve. the co-ordinates of the point (aa h, Fig 4) of tangency, are : 

Abscissa, x ^ Kh \ Oniinate, ]/ = ?*==■ «b/3 ; 

where ? = = P.87, for round ends ; z ™ (5/3) w* 1(>.45, for hinget’ 

ends, and z ==• (5/2) = 24.t)7, for flat ends ; and ^ the ordinate of that 

point, H, where the tangent meets the axis of ordinates. 

Mr. Johnson takes E = 27.000,000 lbs i>er in, and = 52,5(X). 
Hence, in Fig 4, j- = 123.3, and y ~ 17,500. 

32. Tefm^er gives the following values, x\ for the alweisss of the point 

where his straight line meets Euler’s curve , 


Worxl 

E 

1,100,000 

x' 

100 

Cast iron 

11,000,000 

80 

Wrought iron 

2S.000.1K)0 

112 

Structural steel, .soft 

30,000,000 

105 

Structural steel, medium 

32,(K)0,000 

105 


Hence, in Fig 4, hi.s straight line, T t, meets Euler'.s curve, E' e' (not 
tangentially) at t, wheie K = 105. 

33. J. B. JohiiHon takes E — 30,000.(XK) lbs tier set in ; and his 
curve, J j, is tangent to Euler's curve, E' e', at the txiint where K ~ 120. 
For mild steel columns, with pm end.s, he hmit.s K to a max value of 150 

34. Ntr|»p<Kl forniiilii. J. R. WorrrNlor. In view of the wide 
divergence in the strength.^ of coluinas, as found h.\ the .several formulas 
and coefficients in use, and of the similarly wide vaiiation in the results of 
experiment.^, Mr. J. R. Worcester * considers it idle to assume a different 
value of p for each value of K ; and propijses a fixed value of p for a certain 
range of values of K. Than, for compression members of structural .steel in 
bridges he proposes {K/\2 ■= L, in fnt, - r, in inches} 

for A712 from 2 to 4, p - 13,000 Ib.s per sq inch , 
for A'/12 from 4 to 6, p == 12,(XX) lbs per sq inch ; 
and so on, with a decrease, in p, of 1000 lbs per square inch for each succeed- 
ing increase of 2 in the value of Kl\2. For steel columns, he gives (A712) 
> 10. Mr. Worcester's formula gives a “stepped" diagram, composed ot 
horizontal and vertical lines. 


♦ Trans Am Soc Civ Engrs, Vol 64 p 417, June, 1905. 
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Eccentric Ixiadlufc. Fig 5. 

35. Hitherto we have assumed that the column is axially loaded (see 
11 2) and, in considering inequality of distribution of stress in a cross section, 
Fig 2. with its resulting exceas load on the extreme fillers of the concave 
side, we have taken into account only that excess, Si, which is due to the 
deflection of an axialltj loailed column. 

Ji<i, But it very commonly happens that columns are (accidentally or 
intentionally) eccentrically loaded ; and this eccentricity, e, brings, upon the 
extreme fibers on the side nearest the line of pressure, an additional excess 
unit stress, Fig 5. If the c<jlumn remained perfectly straight, we should 
have (see pp 467 8) «2 ^ TMjl ^ TPe/ar^ = (Pla){Telj^) == pTelr^i 
and hence, in a bent column, (see Eq 2 , where Si =’ p m K®), 

s = p + «i + «.j == p (1 + m if® + (6) 

and 


P -= 


P 

a 


ft 


1 + m A'2 4- 


Te 

r® 


.(7) 



where, as 111 1i 17 • 

|i ~ mean unit loai on column ; e *■ eccentricity. Fig 5 ; 

>* maximum unit stress m cross section ; 

K = Ljr *= unsupported length -i- least radius of gyration ; 

T di«t from neut ax of sectn to extreme fiber on concave side. 



37. .\.s a matter of fact, the deflection of the column, providetl for in the 
term, m A'® (Eqs 6 and 7), slightly increases the eccentricity, e, of the load, 
(see F'ig 6) and thi.s is neglected in the term Tc/r®. Hence, the fiber stress, s, 
given by c<]uation (6) is a little too small, and the load, p, given by equation 
(7). is a little too great; but the discrepancy is ordinanly regarded as negli- 
gible in practice. 
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38. For round end columns, Jl. M. Moncrleff* gives ; 


K - 

39. 


P s 

^ ® " 1 + / 48£ + p~K^ \ 

^ \48J?— 5pA:*/ ' 

58 + p {TeM — 5) \p ‘r^ 


..( 8 ) 

.(8a) 


M P e. Fig 5, = moment of an eccentric load, P, about c ; 

/ = moment of inertia of cross section ; ' 

T — distance from neutral axis to furthest fiber ; 

A' = 1/T =• section m(Miulus of cross section in direction of bending ; 

«2 = maximum fiber stress <luc to eccentricity only. 

Then 

82 - M Til - M/X (9) 

40. With columns supposetl to be axially loadoil, the loailing is, in fact, 
very generally more or less eccentnc, and to an unknown degree; but where 
a load is applied at a point at or beyond the etlge of the column, as in Fig 5, 
the eccentncity is so great that unavoidable uncertainties, as to if., exact 
amount, become relatively negligible, and I0(js f?) and (7u) maj be usisl 
with some confidence. 


41. If a very long col be so brncod at intervals as to prevent its 
bending at those points, then its length becomes virtually dimitiKshed, anil 
its strength increaseti. Thus, if a column 100 ft long be .sufficiently bracetl 
at intervals of 20 ft, then the load sustained may be that due to a column 
only 20 ft long. 

t'aiitioHN. 

48. Cast iron columns are subiect to blow holes and to other hidden de- 
fects, and are easily broken by side blows, (’olumns of all kinds are subject 
to jars and vibrations from moving loads. It very rarely happens that the 
pressure is equally distributed over the whole area of the pillar; or that the 
top and bottom ends have perfect bearing at every jiart . 

43. In column tests, exceptionally high results may occur where the 
conditions happen to approach the ideal. 


• Trans Am Soc Civ Engrs, Vol 45, p 349, lune, IflDl. 
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SHEARING STRENGTH. 

Shearing or cletriiNion occurs when a body is acted upon by two 
Ojpi»osite forces lu piirallol and closely adjacent planes, tending to slide some of 
the particles over the others. In Fig 1, the two forces are (1) the downward 
pres.sure of the welKht, W, and (2) the upward reaction of the support, A. 

Ill Hinffle Ahear^ Fig 1, the shearing area, a, = the section g g. In double 
shear, I'lg 2 , (i ^ g g -{■ o o = 2 x 9 g. In Fig 3, a = 6 X cross section of 
piece. In l<ig 4 (single shear), a = section c. e. In punching rivet holes, 
a = circunifei ctu e of hole X thickness of plate 

111 any case, if S = the ultimate unit shearing stress, Shearing strength = S a. 



ritlmato unit Hhearlufc stress, S, in Ihs per sq inch. The followinf 

figures indicate the range of values of S in luetaK and iu timber. 

Metals. Wrought iron, 35,000 to 55,000; cast iron, 20,000 to 30.000: steeL 
45,000 to 76,000 ; copper, 33,000. . . , . ' • 

With the gram, Fig 4. Across the grain. 
c Spruce 250 to 500 3,250 

White pine “ 2,500 

Hemlock “ “ 

Yellow pine 4,300 to 5,600 

Oak 400 to 700 

White oak 4,^ 


Timlier : 

From our experiments 


TORSIONAL STRENGTH. 

Torsion occurs when a body is acted upon by two couples or moments of 
contrary sense and in different planes. Thus, torsion takes place in a brake 
axle when we try to turn it while its lower end is held fast by the brake chain ; 
and in shafting, when It transmits the motive power of an engine to tools. Sup- 
pose such a body to lie divided, by cross sections, into layers. Then each layw 
tends to shear acroas from those next to it. Hence, in ordei to inainUiii equi- 
librium, each two adjacent layers must exert, in the cross section between them, 
an internal resisting moment equal to oue of the two external and contrary 
torsional moments. 

RettiHtinpi; moment, in a circular cross section of a cylindrical shaft. Let 

F ^ the torsional force of one of the two external moments.... in pounds ; 

I = its leverage, = its distance fiom the axis of the shaft in inches; 

M — P / external or torsional luoiiient in inch-pounds; 

T -- distance from axis to farthest fibers, — radius of shaft iu inches; 

l> — diameter of shaft, == 2 T in inches; 

S unit shearing streas in farthest fibers iu pounds per sq inch ; 

t — distance from axis to any given fiber in inches. 

A — unit stress in said given fiber in pounds per square Inch ; 

a ~ area of said given fiber in square inches; 

F - total stress in said filler in pounds; 

r - resisting moment of said fiber about the axi.s in inch-pounds ; 

K ^ internul resisting nionient of the entire cross section 

S r - sum of resist ing moments of all the fibers iu iuch-pouada ; 

Ip=» polar luomeut of Inertia* of the cross aectiou 

moment of inertia of cross seetion about the axis of the shaft 
« 2 f* a, =-■ the sum, for all the fibers, of a in inches. 


* In any figure, the polar moment of inertia, Tp, Is = the sum of the greatest 
and the least moments of inertia of the same figure, about two axes lying in the 
figure and intersecting in its center. Iu a solid circle, each of these is a moment 
of inertia about a diameter, and is w T< + 4. Hence, in such a otrcle. 

r - „ T* + 2. ^ 
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Then the unit stress, in any given fiber, is « = S ; -i- T; its total stress, F. is 
«=aj — Sai-r-T; Jind its resisting luoiuent, r, is — F t - .S a -i- T. For 
equilibrium, the internal resisting moment, K, of the entire section, must be ^ 
the external torsional moment, M. 
lienee, for the Internal KeHiatina moment, K, we have; 

K M -- 5 r -- 2 S a t- ^ T = (S ^ T) 2 /2 a - (S ~ T) I.. 

Hence, also, S - M T 1^; M - S I,, -v- T; and P - M ^ / = S Ip (T 1). 

In a HOlld circle. Ip ---- it T* 2. Hence, S 2 M T -j- (ir T*) ■■ 

2 M (ff 1 ■^) ; M - S IT T3 2 ; 1» - fc> ir 'P (2 /) ; and 


*■2 1’/ * .JTFm * M 

Diameter, 1 ). == 2 T == 2 x g- ^ -g-- - 1.72 y 

For approxiniale nltimate valucH of S, for torHion, use the 

values fur shearing, p 499, with aafety factora from 5 to 10. 

Horae power of aliafttnit. In one revolution, the force, P ftis, de- 
scribing a circle with radius i ins, does a work 2 rr / P inch- tbs, and, in n 
revolutions, work — 2 ir / P u inch-!bs. If n be the number of revolutions ptr 
minute^ the horse {Kiwer is: 

H = 2 ir / P H (12 X 33,000) = 2 ir M n (12 X 33,000) ; 
or, since P / = M = R - S Ip t- T, we have : 

H = SirMlp-i-(12 X 16,500 T) ; and S - 12 X 16,500 T II -i- (ir n Ip). 

In a Mklid cylindrical ahafll, L - v T* — 2. Hence, 

H = S V « IT 'n ^ (12 X 33,000 T) - S n T^ (12 X 33,000) ; 

S = 12 X 83,000 H -{- (tr-* n T«) -- 12 X 3,:i43 H -r (n P) ; 
n =» 321,000 H -{- (D-’S): and 


Diameter, D 2 T - 2 x 


* 12 3,343 U 

\ Sn 


* ,321,000 H 
"V a n 



The hifpher the speed, the lesa is the force, and hence the less 
is tb« strength of shaft, required in order to transmit' a pimi horst-power; but 
if the speed is increased by increasing the torsional force, the horse-power 
transmitted is thereby increased also. 

Example. Given, a wrought iron shaft; let S = 6,000 lbs per sq inch; 
F ss 7,600 Bm; i — 10 ms; M ~ 75,000 incb-Ibs. Required the diameter, D. 
Here, D * 1.72 X = 1-72 X f 7576^T'6,000 “ 1.72 X f r2 5 "* 

1.72 X 2..32 = 4 ins. Let the horse-power, H, -- 26. Then n — 321,000 H 4 - 
(D»S) 821,000 X 25 T (4=* X 6,000) ^ 21 revolutions per minute. Checking, 
D = 68 X f iT-s- (S^j = 68 X f 25 -i- (6,000 X 21) = 68 X 0.058 - say 4 inches. 

Rectangular sections. The foregoing equation.s are based upon the 
assumption that the stress increases uniformly from the axis of the shaft out- 
ward. It has been shown (notably by St. Venant*) that this assumption is not 
applicable to square and rectangular mictions. In a rectangle, let B ~ the longer, 
h = the shorter side, and c -b -i- B. Then S = M (8 -b 1.8 c) -t- (B 5^^) ; and 
P = 8 B 68 j. f(3 4 - 1.8 c) /]. In a square, with side 6, this becomes ; S »• 
48M-}-ba; M == S 63 -f- 4.8. P - S 63 -5- (4.8 /), 

The nng^lc of lomion is that described tiy one of the externa) torsional 
moments, relatively to the other. Within the elastic limit, this angle is pro- 
portional to the torsional moment, M, and (assuming I constani) pru{>ortional 
to the force, P. Other things being equal, the angle is profiortional to the dis- 
tance between the planes of the two contrarv external moments, and, in a solid 
CTlindricai shaft, is inversely proi>ortionaI to 1>L It is inadvisable to allow 
tne angle of torsion to exceed 1° In a length - 20 diameters, In shafts revolving 
in one direction. In reciprocating shafts allow still less. Set* Fatigue, p 465, 
Practical ConHidcrattons. in many cases the diameter ot the shaft 
must ^ made greater than that required hy the foregoing formulas ; as in a long 
shaft, in order to keep the angle of torsion within jieimiBsible limits; in fly- 
wheel and other shafts, carrying considerable lieiiding loads in addition to the 
torsion; and, in most ca.ses, to allow for additioiiul moments due to pltemate 
aoceieration and retardation. 


, *Soe Treatise on Natural Philosophy, by 8lr William Thomson and Peter 
Guthrie Tail, Part 11, New Edition, Cambridge, 1890, pp 236, etc. 
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Art. 1. HydrofttaticM treatfi of the 

fluids at rest. 


pressure of water and of other 


“ ‘’“*1 prr««nre ia equal In all 
airecttons; and the pressure agamst any |*funt of any surface, whether 

•* «->•«■»«« co. to . pud. t...ge.t 

poI';U"w?h""“re"f.rto. Oeptb Of th. 


Premnre aicalniit any plane Murfaee. 

Let 

a - the area of the pressed siirfact!; 

thJ f™''*„r’f"crof ;h2'liu.^ ““ 

H -= the total depth of the fluid ; 
w — the weight of a unit volume of the fluid ;* 
p ~ the meiui unit pressure on the pressed surface; 

P -- the total pressure ou the pressed surface; 



Then the moan unit premiare, p, is equal to the weight of a prism of 
the fluid, whose liase is -= 1, and whose length is = A; or 
» = A !/• ; 


and the total presmure, P, is equal to the weight of a prism of the fluid, 
whose base is — a, and whose length is == h. Or 


V — a h w = a p. 

In the diairranM of Figs. 1 and 2, the ordinates (supjiosed to be drawn 
from, and normally to, the pressed surfaces respectively) represent the unU 
pressures (as in lbs. per sq. Inch, kilograms per sq. centimeter, etc.), and the 
oira, opposite any given surface, represents the total pressure on that surface. 
Thus, in Fig. 1 («), the unit pressures at n, at o', at c and at o, are represented 
hy n ( ^ 0), by o' o', by e c' and by o q respectively; and the total pressure 
on n 0 is represented bv the area n o q, that on « o' by the area n o' q', that on 
o' 0 by the area o q', and that on o' c by the area c o'. 

The center of prewNnre upon any surface is opposite the center of 
gravity of the area representing the total pressure upon that surface. Thus, in 
Figs. 1, the center of pressure on »o, is opposite the center of gravity of the 

triangle, n o q, or at a depth, d, =-- ^ H, below the water surface. See The Center 

of Pressure, Arts 8, etc., also 133 etc., of Statics. 

The hydroHtntlc parinlox. For a given depth, A, both the mean unit 
pressure, p, and (for a given area, a) the total pressure, P, are independtmi 
of the quantity of water. Thus, in Figs. 1, the walls sustain as great a pressure 
from a vertical film of water only an inch thick, as If the water extended back 


* For water, u> ^ aiaiut 62.*^ lbs. per cub. ft., — about 0.0362 lbs. per cub. inch. 


37 
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for miles, in Fig. 2 (6), the excess of weight of water, ovei that In Fig. 2 (a), 
is carried by the lower sloping wall of the vessel. I'he total pransures, P, upon 
the equal bases, n b and a' b\ Figs. 2 (c) and (t/), aie tHiual. In Fig. 2 (c), the 
total pressure u|*on the base is greater, and in Fig. 2 ((/) less, than the weight ol 
the water; but, m either case, the algebraic sum of all tlie vertical pressures in 
the vessel [upward pressures taken us negative) is = the weight of all the water 
in the vessel ; and the algebraic sum of all the nonzontal nressurcK i.s ^ 0. 

Thus, let the lower part of Fig. 2 (r) represent a cubical box, 8 feet on a side, 
and filled with water. Now let the tube, n o, 36 ft. high and of 0.287 inch bore, 
1)€ filled with water. The water in the tube alone, although weighing only about 
1 pound, will cause an additional bursting pressure of 2250 lbs, per souiire foot, 
or say 384 tons total, to be exerted upon the top, bottom and side.s of the l>ox. 



Air predftnre on water snrfaec. In addition to the pressure of ihf 
water itself, the free .surface of any Iwdy of water sustains also the pre-'-un* ol 
the air, = about 14.7 lbs. {ler sq. inch. This pressure (transmitted tlimugh tlje 
water to the walls of the vessel) is indicated by the diagrams (parallcliigranis) 
tnarked “air’* in Fig. 2 (b). In uiostejises, the preisMire against a suifacc, due 
to the air pressure on the water surface, is eounter-halanced by an equal pressure 
of the air in the opposite direction, as against the outer sides of the walls of the 
Teasels in Figs, 2, and against the dowii»stieani sides of the dams in Figs 1. 

Strictly speaking, the air pre.ssure, e.xeited directly agaiiiht the walls, Fig 2, 
or against the dams, Figs. 1, being exerted practieallv at the centers of gravity 
of those surfaces, and uierctore at lower elevations than the opjKisite prc.ssur’e 
due to the air pressure on the water Mirface, is a very little greater than the 
latter. In a dam 100 ft deep, this differciice would amount to about 0.027 lb per 
sq inch, — 0.0018 atmosphere. 

Bracefl for donifi. 'I he water pre'>aure lieiiig normal to the pressed sur- 
face, the posts, Fig. 3, luust also lie normal to the .Mirface, Dj if they are to receive 



FIk. s. 

that pressure longitudinally and thus avoid bending moments; but other oon- 
viderattons may mrbid their being so placed. Thus, if the face, I>, of the dam. 
is nearly vertical, the posts would have to be made inordinately long; and 
their consequent weakness, as pillars (aiiless made inconveniently thick) might 
more than offset the advantage due to directness of pressure. Moreover, the feet 
of the down-stream posts would project beyond the crest of tlie dam, and would 
thus be liable to injury by ice or togs, etc., tumhling over the dam. 

Inasmuch as the pressiire-'iucreases unifnrnily from the water surface down- 
ward, the posts are usually placed closer together near the bottom than near the 
top, although the shortness of the lower ones renders them stronger as pillars. 
Similarly, the hoops on tanks, if of uniform strength, are placed closer together 
i»ear the bottom. 
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Horizontal and vertical componentz. lu Figs. 1 (h) and (c), tb« 
force triangle (Statics, 46, etc.) gives us the h«iri/.ontal ami vertical components, 
L and V, of the total normal pressure, T. Or, if o l»e taken, in each case, as 
representing the total normal pressure, I', by scale, then II = tlie total hori- 
zontal pressure. Jn Fig i (a), with pressure against a vertical surface, 
L - P, and V - 0. 

It) Fig. 1 (ft), the vertical component V, pres.sesihe wall downward against Its 
tiase, but in Fig. 1 (c) it tends to uplift and overturn it. 

The depth, II, being the same iii each of the three figures, Figs. 1 a, ft and c, 
the vertical projection.s of the three submerged surfaees are equal, and hence the 
total horizontal pressures are equal in the three cases ; l)ut the horizontal projec- 
tion, and consequently the total rntical prossurc, vary with the inclination ol 
the surface. Thus, in Fig. 1 («), the horizontal piojection and the vertical 
pressure are each — 0. 

Prezzurez in cubical and other veznelz^ ftill of water. Let 

F = the weight of water contained in a prismatic vessel ; and / = ^ = the 
weight of that in a conical or pyramidal vessel of the same base and height. 

F 

In a cubical vessel, pressure on base = F ; pressure on otie side = — ; 
pressure on base and four sides together = F 4 ^ — 3 F. 

In a conical or pyramidal vessel, pressure on base 3/ - F. 

Ill a spherical vessel, total pressure — - 3 X weight of water. 

Art. 2. l^nequal prcNzure in opponitc directions. In Figs. 
4, let no represent the edge of a parallelogram, whose top coincides with tne 
water surface, and whose bottom is patallel with that surface; let a = the area 
of that portion, n' o, which is subjected to prenure ou l>oth sides ; and let H and 



h ^ the vertical depths of the center of gravity of «' o below the two water 
surfaces, n and n' respectively. Tiien, in each Fig., the large triangle, nog, 
re|>reseiils iho siini of the pressures of the deejHjr water on the left against the 
entire wall, n o ; the trapezoid, tn o, represents the sum = o H ic, of the pressures 
of the water on the left against n' o; and the smaller triangle, «' oq', n' o^, 
represents the sum, = o A ic, of the pressures of the shallower water on the 
right against tlie portion, n' o. Then the parallelogram, m represents the 
excess of pressure, from the left, against the portion, «' o. This excess, due to 
the difference, II ~ A, l)etwt*en tlie two levels, is wnt/orw/v distributed overn'o, the 
uniform excess unit pressure being represented by the ordinate n' m — q. 
The total excess pressure, represented by the paralielomm, mg" ~ aH w — 
ahw ~ {H h) a IV, is therefore proportional to H — A. 

The pressure coming from the right against the |)ortion n'o, and repi-esented 
by the triangle ii'o q\ is balanced by an equal imrtion (represented by the 
triangle n'oef') of the total pre.ssure, wo, from the left against the porUon 
o'o ; and the centers of these two pressures, each being at a depth — %n^o 
below n\ are opposite. Hence the-e two pressures are In equilibrium. But the 
center of the excess pressure, n* o, from the left, is opposite the center of gravity 
of the parallelogram, n' g, or at the center of gravity of »'o. Hence the portion 
considered independently of w'«, is acted upon by the unbalanced fore* 
n'q, (*oniing from the left, acting through Its center of gravity and therefore 
tending to move it liodlly toward the right, without rotation. 
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This 'will be uudentood by nicaus of Fig 5 whioh may re'preseut Atv 
piauka, 1, 2, 3, 4, and 3, faruiing a dam. and neeu eudwise, each one 1 ft 
in depth, and aay 20 ft long hur , making the area of each aarf picnaed, 
equal to 20 sq ft. The pree in lh« againat each aepiirate 20 aq ft of area, 
calculated by the rule in Art I, ia sboau in the ilg Now, the outward 
pres against'the up|>ei tmtnerted 20 ft area, or that of plank .H, ik .;12o Ibi , 
while the cuuutcr-pre« agiiiuHt it trom the other side is 025 ttis , making 
the excess of outward prea equal to .1125 — 025 = 2500 ttiB. Again, at the 
lowest plank, uuiiilier 5. the outward pres exceeds the iuaard one by 
5625 — 3125 = 2500 Ibh, the same as tu the upper one And su of any other 
equal area of surf, at any depth whatever ; the excess depending upon the 
vert height of m ii, will be equally distributed over a b. It only remains 
to show that the total excess of outward pres against « 6. is equal in 
amount to the wt of a uniform column of water with a hasc equal in area 
,, to tt 6. and with a height ei|ual to in n ' Thus, wc have seen that lu the 

instance liefore us, the excess amounts to .1 liineH 2.)0O lbs, oi to 7, >00 Ihs. 

•■ **£,*' Now, the wt of the column of w.uer will lie W tor area ol al.i X mu (or 

2 ft; X 12.5 lbs - 7500 Iba ; or the same as the exi ess pres on a b 

The excess of pres against the entire side s b, oier that against n o, u 
videutly the diff between those two pressures calculated respectively by the rule in Art 1. 

Art. 3. Siirlhees, vert, aabtn e »,anot, Fip 6. or otherwise, of 
^qiial wicIthN, h mi, m m ; eoiiimenelii|c at the level, ft « n tu, of 
the water, but extending: to diff depths, m r, n o, inea»iure4l 
Fert; and having: the Hanie inelinaf ion to the' Niirf of the 
(vater; Mn^tain total prejwnrea proportional to the wqiiarej* 
kf thme depths. 

In Fig 6. let the two vert sides, a not. and ft m c ». of a 

have the saiii. width a u. and ft m . then if the depth m r , be 2, i, 

4 A-c limes greater than the depth « o. Hie pn's agumsi the s«irf 
ft w < s will be 4. 9. 16. 25, Ac. limes greater than that against u/i o f 
1 his w 111 tM? seen b> referring to the pressures ligured ou the leit side 
of Fig 5. where, as stated in Art 2. the surf of plank 1. exposed to 
the tires on the left side, is 20 sq ft , that of planks 1 and 2, 40 sq ft, 
ihiit of planks 1 . 2. and 3, 60 sq ft. Ac U1 these surls enmnieuce at 
the level of the water, and all of them Vieing vert are of course at 
the same inclination with the water surf, but tbeir depths are re 
gpectively I, 2, and 3 ft The pres against the surf of 1 Is 62) lbs; 
that against the surf of 1. 2. is 6254- 1M75= 2.5(K), and that against 
the su?f ofl, 2. 3. Is 625+ 1875 + 3l2i = 5625 Hut 25lM) is/ourtiraes • 
825, and 5625 Is nine times 625. And the pres against the entire 
inrf 4 6. (whioh is 5 limes as deep as plank l.)is 25 8"“* 

525 X 25 =■ 15625 tbs = the sum of all the pressures marked on the left side of Mg .) 

TWs follows, from the Rule in Art 1 . f»r twice the area of surf, mult hv 
>en of grav below the surf, must give 4 times the pres, three times the area, In tbrei times the i. j th, 

“it* follow?, ’iu^'thVt an?iy Jartioular point, or agiUnst area ^ '’^ied m 

pres will increase simply as the vert depth thus, if Uiere be three ’Vf’ he or« 

the same positloos, but with their centers of gra\ ies|)eetive|y M. In, and 24 ft below the surf, the pres 
Msinit them will Im> ri*fp<*ciivelj a» \ Ifi. • «r at 1 , 2. and .1 

-Iven dl- 

or lurlitietl, 

equal to the w'eiglii of a prismatic column of water, me area «. wnose ‘rtlwtmn’ 

is ^ual to the area of the projection of the given surface taken at right angles 

and whose height is equal to the vertical depth of the center of gravity uf the given surface Ulow 
the upper surface of the water. Hence the 

Kvi,e To find Ihe pre« in llm. mnll toRother t 

in sq ft of the proyectlon Ukehat right augles to ’ *55 

vert depth in ft of the cen of grav of the ‘•’j"* 

of the water, and the constant 62.5 lbs wt of a cuh ft of , 

Let m etn Fig 7 be an iilcllneil surf, susialuliig the pres of water 

V* Y the rule in Art 1 Is merely s simple modiRcallon of the present one. pp 

* J| # cable to the case of total pres against any surf. 



igaioft tn«m win w a» h, m. «iiit , mi i , a. 

Art. 4. The prexaure of qniet water. In any one 
reetion, aeainst auy given plane Btirface, whether \eiticiil, horizontal, oi 
Itjal to the weight of a prismatic column of water, ilic area «f /'V* 1?' 
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AgaiD, let Fig 9 represent a eoiiical ve»Mel full of water; 

ita biiHe b c, 2 ft diam; its rert height a n, It, then thecircuuif of the b>ise will be 
e.m-J ft, the area of the base 3.141(i sq ft, the length of its slant side a b or a c, :).16 
ft, the area of its curved slanting sides will be =: 9 .gg gq ft; and the 


fert depth of the oen of grav of the slanting sides will be at two thirds of the vert ^ ^ 

height a n from the apev a, or 2 ft. 

Here, to tlnd the total pres against the base, we bait hj rule iti An 1, 8.1 iir> X 3 A 

X 62 5 - buy 1)5 lbs. For the total pres ugaiust the slant sides, b> the sniiie rule, JJlO 9 

9.98 X 2 X 62 5 =: 1241 2o tts For the vert pres upward against the entire aiea of the ® 

slant sides, we haie given the area of the base (which is here the hnr projection of 
the slant sides) — 8,U16, and the vert depth of tbecen of grav of the slant sides, 2 ft. Therefore, 

3 UI 6 X 2 X 62.5 - 892 7 lbs. the upward \eri pres. 

Kiii.iIIj , for the hor pres in auj gneu direction against the slant sides of one half of the cone, we 
have the vert piojectlou of that hall, represented by the triangle a b c. with Its base 2 ft, and its perp 
height 8 ft , and eousequeutly , with an area of 3 sq It The depth of its ceu of grav la 2 ft ; therefore, 

8 X 2 X 62.5 r 875 lbs, the reqd hor pres.* 

Ill Kig Id, which lepresents a vessel full of water, the fotat pres 
sguiust the siuii cylindrical surf a ti c in <1 A. and perp to it, must be n * 1 . 

also hor, hucause the surf is vert, but tnasiuucb as thesurf is ctmied, O 

this Loiul pies, as found liv rule in Art 1, acts against It in many di p, \ 

rcciious, whicli might he represented by an intliiite number of radii i . 0 • \ 

drawn from o us a center Hut lot it be reqd to Uud the hor pres in " ^ ! \ 

lbs, lu one direction only, say parallel to o «, or perp to a d; which i ! \ 

Would be the force tending to tear the cuived surf away from the fiat — *; 1 -aC 

sides u 5 n i, Bud d c» k, by producing fractures along the lines av I ; ■ • 

and d A; , or which would tend to burst a pi|>e or other cylinder. In I;,’’ 

thi> case, mult together the area of the vert projection ad * 1 ' in sq • ; ; 

ft , llid depth of the cen of grav of the curved surf in ft , (which, in *.'■ .-J — 
the semi (.yliuder would lie half of sw, or of ot,) and 62.5 Since . ; 

the resulting pres is resisted equally by the strength of the vessel In?-. , i 

■ long the two hues a v and d A, it IS plalu that each ainglethickne^s ^ \ ||^ 

along those lines need only be sulticient to resist safely one hulj of it . K \ 

atid so ID the case of pipes, or other cylinders, such as hooped cLstcrns .. 5 

or tanks .Ve Art IT. J^AlU 

.Should the pres against only one half of the curved surf, as e d m A 
be sought, and in a direction parallel to o d. teiidiog to produce frac- 

tun-s along the lines e m, and d k, then use the vert |irojcclion o e »i t , with t le same depth . and 62.5 
as liefore 

It follows, that If the face of a metallic piston be made oonoavo or oonvex, no more pres will be reqd 
h' lorce the piston through any disl, than if It were flat, for the pres against the fsce of the piston, 

111 the direeimn in which it moves, must be measured by the area of a projection of that face, taken 
St right angles to said direction , and the area of said projection will be the same in all three cases. 

Rkm 2 . ir a bridfpe pier, or other eonMtrnetion, 

I'Ik 10 14 lie rounde<l on Hand or *:rat| el, or on any kind of 
foundation tliroiigh which walei niav hud Its wav underneath, even in a very thin 
sheet, then the upward pres of the waicr will uke eflect upon the pier, and will tend 
to lift It, with a force equal to the wt of the water displaced by the pter; (Arts 18, 

IH lu other words, the effective wi of the sw 6 wf rped portion of the pier, 

will lie reduced 6 'S lbs per cub h; or nearly the half of the ordinary wt of masonry. 

Bnt If the foundation be on rock, covered with a layer I0^ 

of cement Ui prevent the intiltratiou of water beneath the 

SVg^’;^''::nhe'’^:;r,* if;;r»sS:. wiii lu .ubmty ; 

Whicil in qntrt w-.ier, will tlien actually be greater than on land. 

Art. .V To divide a reetanarular surf, 

Hlietlier vert as* « h c rf. Inellned as A n 

ni n o />, I’lic 1 1 , w ho«e lop a h or wn in 

level with the nnrf of the water, by a M 

hor line jt 2 , nueh that ***f \s ^ 

HvninMt the part above naid hor line, 1 • 

•shall equal that against the part be- 2''' 

Issw it. 

UuLt. Mult one half cf the length of b c, or wp. m ‘^ccase q 
trinv be, by the oonsunt number 1 4142, the prod will be 6 2 , j* 

Let 6 c = 12 ft. Then 6 X 14142 - 9.4852 ft . or 6 2. TilCI 11 

Let mp = 18ft. Than 8 X 14142= II 3186ft, or « I, ig -k*. 

Rkm: The lioo x 2, Uius found, must not be ooufounded with 

the re« of ness which is enlirelv dlB S«>e Art ... 

M M w am WM rf* %Ort' HS tt & C OIT 111* 

Art. 6 . In a m-itofte top o ftorw* « coincides with 

Ihc^^rfo/Xw^ 

kne snri oi ine * Hhoh. an 1 j», Sr, *c, be drawn, they will 

•rwhi.a 

shall .iKtafii •‘I"’*' ,,, 4 . , 1 ... t., pa.. . tn,m a. m.u « 
a fliiod a fluid the toUl iuflide pre« = 3 timea wt of fluid. 
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( e or m p, u Uw easo may be. Di v the prod by the number of reotanglea. The quot will be the diet 
h 1, orn 1 , an the oaae may be. 

For the dial A 2, orn 2, proceed in preeiaely the tame way, only inaiead of the number 1, use the 
number 2 to be mult by the number of reotanglen' and ao use successively the uumhers 3, 4, 5, fto, 
if it be rtH]d to Und that number of points 

Ex. Let b c =r 10 ft ; and let it be reqd to find 2 points, 1 and 2, for dividing the rectangular aurt 
abed into <1 rectangular parts, which shall sustain equal pleasures. Here we have for point 1, 




21 49 . 

3 leclaugles 


8.163 ft 6 2. 


1X3 = 3 The »q It of 3=1732. And 1.732 X 10 (or 6 c)= 17 32. 

For point 2, we have 

2X3 = 6. The aqri of 6=2 449. And 2.449 X 10 (or 6 c) = 24.49, And ^ 

And so for an; number of points. 

Ren. 1. Thid rule will be found useful In d|meini; tbe ctroMd* 
bars of loek-irateH ; the hoopa around cylindrical cldternM: 
and the propd to a dtructure, like t'iip 3. 

Ren. 2. For dividiu§: any diirf, rm o b c </, Fiir 12. which id not 
rectaiijfiilar. in the Maine uiHiiner, 

witb an accuracy sulBoient fur most practical purposes, |>er 
baps the following method Is as uoiiveuieiji as an; . 

Kulb. First div the surf, as lu Fig 12, into sei oral small 
hor parts, equal or not, at pleasure. Then by Rule in Art 1 , 
Had the pres on each part separately, as is supposed to be 
done in the numbers on the left hand of the hg The sum of 
these (in this case 15510) Is the total pres against the entire 
surf 0 6 c d. Now suppose we wish to div this surf lu 4 pMi ts 
bearing equal pres; Orst div 1551U by 4 = 3878. Then begin- 
ning at the top, add together u niimlH'r of the separate 
pressures suffloient to amouut to 3^78, bv this means find 
point 1. Then proceed with the addition until the sum 
amounts to twice 3878, or 7756. which will indicate point 2 , 
and in the same roaiiner llnd polui 3. by adding up to three 
times .1878, or 116.14 Then the hor dotted lines ruled through 
points 1, 2, and 3, will give the reqd diMsious appioMniately, 
In this manner the hoops of ronieul. and other Nhsjied vea 
13. •**•> spaced nearly enough lor practical purjioaes. 



Art. 7. The tranumlMMion of pressure throniph water. War 
ter, in common with other fluids, possesses the important 
property of transmlttinv; pres equally In all directions. Thun, 

supiwse the vessel, Fig 13, to be entirely closed, and tilled with water; 
and suppose the transverse area of T,C. D, and K, to be each eijusi to one 
sq inch. Then, if by means of a piston, or otherwise, a pres of 1 Ib. I 
ton, or any other amount, be applied to the one sq inch of area of T, 0, 
D, or K, every sq inch of the inner su-f of the vessel, and of the pipe a, 
will instantly receive, at right angles to itself an equal pres of 1 m, or 
1 ton. Ac. in addition to the pres which it before sustained from the 
water itself, and this will occur if the ressel consist of parts even miles 
asunder ; as, for inatmnoe, if T were miles distant from K ; and united 
to it by a long series of tubes. If the vessel were a strong steam boiler 
full of water, a singlo pres of a few bundri'd pounds at T, C. 4c, would 
burst it. 8ee also Fig 2 (r) and paragraph ahov e it. 

The hydrostatic press acts on this prin* 
ciple. Any body, within the veKsel. wmild also ruceiv# 
as eqnal additional pres on each sq inch of its surf. 

If the top of T be open, the air will press upon the sq inch of the exposed surf of water to the extent 
•f nearly 15 lbs ; and the same degree of pres will also be iransmiued to every sq inch of the interior 
surf of the vessd, and Us oonneotlng tubes; but no danger of bursUng will result from this atnio- 
ipherle pres, beoanse the air also presses every sq inch «f the outside of the vessel to the same extent 



Fig. 18. o 


Air, and other gaseous fluids, transmit pres equally in all 
directions, like liquids; but not as rapidly. 



Fig. 14. 

If) *0 as to wm aa a binge tor the aide P to turn 


Art. 8. The center of pressure. Let Fiff 14 

represent a vessel full of water, and suppose the side P to be perfectly 
loose, so as to he thrown outward hv the slightest pres of the water rrom 
within. Now, there Is but one single point P, in every surf an pressed, 
no matter what its shape may be to which if we apply a force eqnal to 
I the pres of the water, and in a direction opposite Ui said pres, the side P 
' will he thereby prevented from vleldlng Such point is called the cen- 
ter of pressure. It must not be understood by this that the actual 
amount of pree of the water against that part of the surface which la 
above the hor dotted line paselng through P, is equal to that of the water 
below said line ; but that the sum of the products of the several pressures 
above it, molt by Ibrlr several leverages, nr vert dists from P, is equal 
to the sum of the products of the iircisuri', Iminw, miiit hy tlieir lever- 
age-* ; or, in other words, that the sum of the momenfs around tlie point 
P, of the pressures almvc the line, is etjual to tlic sum of the tnomrntt 
of those below it; so that if a hor iron rod hh were passed entirely 
through ^e side P, at the same level as the dotted tin'’, aa shown In ttia 
the side would have no teudeimv to turn. 
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Art, U, JCo find the cen of pres of a qniet 
flnid, a|{:ainst a plane Murfaee. Kig 15. 

1. TbP riiuter of preuHure of a quiut fluid agaiust uu> plaue surface 
nhosc width la uulform throughnut ita d«!|>th, whether said surface be 
VLrtical, us en, or iiicliucd, a.s ca, (or tiiciiDcd iu the opposite direcUou :) 
and whose top c, or e, ooiucidea with the hor water surf, is dlstaat vert 
below the water sui^ two'thirds of tlic \ert depth, a a', from siud water 
surf to the iKittoui <u the plutie, as at Hand i. Inasmuch as a hor Hue 
at ^ of the depth of s jr, lutursecis both ea and eo at % of their leugthe 
respeotivelv, we luight say at once that the ceuter ol pies against a plane 
p iralleliigriini, with its top at the water surlaci, is at two-thirds of its 
ieiigih below ihe water surface. 



Fig. 15 


Throughout Art 9 any measure, as yard, foot, or inch 
Ac, may he used. 

2. Blit If the hor top a, or o. Fig 16, of the reotaiigular plane off, or 
oh, tie eotorod to some depth with water, then the rer< depth sm, of the 
ceu of pres d, or e, below the surf of the water, will be equal to 
^ cube of se cube of tw 
^ siiuare of s c — square of tw 

where s c is the vert depth of the imuom. and * w the \ert depth of the 
top. of the pressed surf, below tbe water surf. Or. in woids From the 
culie of sc, take tbe culte of so , and call the rem a. Then, from the 
square of sc, take the square of sto; and call the rem b. Div a bj b, 
and take two thirds of the quot for s n. 



Fig. 16. 


3. When a plane surf of any shape whatever, whether 
rectangular, triangular, or circular. &c. whether vert as 
op, Fig 17, or Inclined as mn. is enttrelg immersed, sons to 
be pressed over the entire area of both sides but bj diff 
dfptht of water on its two sides , then the cen of pres coin* 
oldes with the ce« o/grav of the pressed aurf. 

In tbe 3 foregoing figures the supposed surfaces are shown 
edgewise, so that their widths do not appear. 



Fig. 17. 


4. In any triangular plane surf, whether right-angled, or 
otherwise, as abc. Fig 16, whether vert, or inclined; the bate 
a hot which coincides with tbe hor surf of the water , the cen 
of pres 0 , will be iu the center of the line er, which bisects tbe 
base ah. 


6 But if the triangle, at ate, vert, or inclined, have ita 
ape*, a. at the surf of the water; and its base sc, hor; then tbe 
cen of pres x, will also be in the line am which blsecu the base; 
bivtax will be ^ of am. 


a r b 



Fig. 18. 


6 If any plane triangle a I* c, Fig 111, base up, and hor .have its base 
oh covered to some depth nd, with water, then the cen of pres o, will 
be in tbe line cs which bisects the base ; and no will be equal to 
+ C-iwg X ma) -f 8m 
(m* -f- ima) X 2. 


Fig. 19. 



7. Theoenterof pres agsinstuM 
plane rertangular surface, Fir 20. 
whether vert as m ti, er inclined as 
po, or wx, having its top coinciding 
with the surf of tbe water; ana 
pressed by diff depths of water on 
its opposite sides, as shown in the 
tig : will be i*ert below the upper- 
water surf, a dist equal to 



( toofverfs t ^ tqofvert\ / pgft area of \ 

- (“K* - ) 
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1^, To find the center of pressure against either a circular or an elliptic sup. 
face, pressed on one side buiy ; whether vertical or inclined , and having its top 
either oomcidiiig with the surface of the water or below it. 

Let A = the vertical depth of the center ot pressure below the water surface. 
r = the vertical or inclined ««Ha'-diauietei of the surface. 
d ^ the vertical distance of the center of the pressed surface, Iieluw the 
water surface. 

Then 



In a Tertfcal circle, with top at water surface, A •» X radius. 

Art, 10. Walls for resistinfir prcNHiire of quiet water. 

A study of our remarks on relaining-walK for earth, pp. 603, ete , will lie ot use in 
this connection. It is of course u.ssiuued that tlie water dot's not tiini its way 
under the wall ; and that the wall cannot slide. In making eulculatiuns for walls 
to resist the pressure of either earth or water, it is eonvenient to assume tlie 
wall to lie hut one foot in length (not height, or thickness), for then tlie tniin* 
ber of cubic feet contained in it, is equal to that of the square feet of area of its 
cross-section, or profile; so that these 8(piarc feet, when niultijdied l>y the weight 
of a cubic foot or the masonry, give the weight of tlie wall. In ordinal y cases, 
it is well, for safety, to assutue that the watei extends down to the lei} bottom 
line of the wall. 

Now, bv Art 1, the total pressure of quiet water, against the rectilineal back o! 
a wall, whetber vertical or sloping, is found in lbs, by multipl)ing logeiber the 
area in square feet ot the part actually pres.sed, (oi in contact with the water;) 
half the vertical depth of the water, in feel, (being the tnhrul depth of the 
center of gravity of a lectiluieal back, below the surface); and the constant 
6:^5 &s; aud this total pre.ssure is always peritendiuilai to the yy/ci.scd urea. 




When the back of the wall is vertical, as in Fig 20%, this nreMure p Is ot 
course less tliau when it is battered; and is also hmisoniaJ; and It tends to over- 
throw the wall, by making it revolve around its outer toe, or edge t. The center 
of pressure is at c ; cs lieing % the vertical depth o n; in other words, the entire 
pressure of the water, so far as rerards overthrowing the wall a.s one mass, may 
be considered as concentrated at the point c; where it ael^ with an overthrowing 
leverage <Z. The pressure in lbs, multiplied by this leverage in fi'et, gives Ibe 
moment in foot-lbs of the overturning fore**. The wall, on the other liaud, resists 
in a vertical direction g u, with a raomeut cipial to its weight (siipfiosed to he 
concentrated at its center of gravity o), multiplied by the hoiizoiital distance 
a t, which constitutes the leverage of the weight with re^iHTt to the point t as a 
fulcrum. If the moment of the water is greater than that of the wall, the latter 
will be overthrown ; but if less, It will stand. 

Id Fig 21 the overturning momentof the water is equal to its calculated pres- 
sure p X its leverage t Z; white the moment of stability of the wall is equal to 
its weight X it* leverage a I, By aid of a di awing to a scale, we may on this 
principle ascertain whether any profaised wall will stand. For we have only to 
calculate the pressure;*, then apply it at c, and at right angles to the hack ; pro- 
long It to Z; measure 1 1 by the same .scale. Then calculate the weight of wall ; 
find Its center of gravity g ; draw g a vei lical, and measure the leverage a L We 
then have the data for calculating the two rooiuonts. 

If the water, Instea*! of lieing quiet, is liable to waves, the wall should b« 
aaaoe thicker. 
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Art. II. To find the thiekneiiH at base of a wall required to b« 
safe against oveiturnwg undvT tiie prea uf quiet water level with its top, and 
pressing agaiiibt its entire vert back. Caotioa. See Art. 13. 


(1st) Vertical wall. Fig 22. 

Thickness Height^, j Factor of safety* Height the proper decimal 
in feet -=■ in feet X \ 3 ^ sp grav of wall ^ lollowlng table 


(2d) Rli^lit ang-led trianfrular wall. Fig 23. 

'lhicknes.s Height ^ / Factor of safety * Height the proper decimal 

in ^eet “ A' 2 X sp'ifav orwaU ” ^ following table 

a> thickness, mo, of vertical wall X 1-225. 

Notwithstanding their greater thickness at base, such triangular walls con* 
tain, as seen by the fig, not much more than half the quantity of masonry req* 
for vert ones of equal stability. This Is owing to the fact that their centol 
grav is thrown fartiier tiack; thus increasing the leverage by which the wtof 
the wall resists overtlirow. 

(3d) Wall with vertical back and slopIniT fhce. Fig 24. 

( X factor of saf<‘ty *) -f ( batter A »», ft X ap gray of wall) 
in feet V 3 X specific gravity of wall 

- Height in feet X the proper decimal in the following table. 


Ftff. 32. 

Bn Or Lbiperl 
Cub Ft.l 

Relist 3> 1.5 pros. 

Resist ■■ 3 prea. 

ReatataiSlirtt. 

DrofMd Granite... 

! 2.5 1 

156 

.447 



.518 



.633 

I>n»Md Saodiitoae 

2.3 1 

137 

.477 



.560 


i 

A74 

Mortar Rubble 

3. 


135 

.500 



JiT8 



.707 


Brickwork 

1.8 

113 

.1 

W7 



.600 



.746 

FIk. 23. 

DrenaedOranlte. . . 

2.5 1 

1.5S 

.548 



.633 



.776 

I)rp«ed HandKtoDe 

3.3 

131 

.684 



.675 



AM 


Mortar Ruhbl* 

3 


13,S 

.015 



.707 



.861 

( 

Brickwork 

1 1.8 ’ 

U3 

.648 



.746 



.913 

i 




Reaist s* 1.5 prei 


1 

1 Reslnt wm 3 prea. 

Flff. 24. 


h. 

I»atter 

Batter 

Batter 

Batter 

Batter 

Batter 

•Batter 

Batter 

ea' i 


: in. to 

1 1 ina. to 

4 Ine. to 

8 ina. to 

I In. to 

3 Ina. to 

4 Ina. to 

6tBa.t« 


cc 

Ju 

a foot. 

a foot. 

1 afoot 

a foot. 

a foot. 

a foot. 

a foot. 

afoot. 

nnsieed Granite. . 

3.5 1 

IM 

T 449 

■ .468 

.487 


.533 

.519 

1 AM 

A61 

.sw 

nreeied Banditone 

3.3 

m 

.480 

.488 

1 .615 


.558 

.553 



AM 

JM 

Morur Rubble 

3. 1 

135 

.503 

.510 

1 .5M 


.678 

.571 

.68 

6 

JOB 

JM 

Brlekwork ........ 

1.8 

lit 

.5.10 

.6.18 

.802 


.803 

.610 

1 .618 j 

.640 

J74 


Rsqulrwt rooment o f «tobtttty of wall 
«rfrturn Ing mooMBt of wattr 


• PMtor of MfSty 
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Art. 13. Table Nhowiiig: how the stability of a wall sustain- 
Ins' water is affected by a change in the form of the wall ; 

the quantity of masonry remaining ilie same. Kkm. When the base of a tri- 
angutar wall, of sp grav 2, is less than j| the ht, the stability is greatest when 
the water presses the vert side; but if the base exceeds ^ the ht, the stability 
is greatest with the water on the battered side. Caution. See Art. 13. 


All these walls contain precisely the same I I 
quantity of masonry. Ihe masonry is suiiiioscd iBase in Approx 
U) be mortar nibble, wcifthiug 12 j Bih |)or cubic foot ; or twice us much ; parts of' resist ol 
as water; or about the same us oidiuarT rough mortar rubble if ineight I Wall 
the sp gr of the masonry la actually greater or less than this, the I 
safety also w ill be greater or less, in precisely the same proportion. 


Vertical wall 

Face vertical; back baiters one- tenth height.. 
“ “ “ “ uue-flfth “ 

•* “ ** “ one-fourth “ 

“ “ “ “ one-third " 

" “ “ “ four-tenths “ 

“ “ “ •• one half “ 

Back verticat ; face baitera oue-tenth height. . 
“ “ “ “ one fifth “ 

«• •• “ one-fourth “ 

•• “ •• •• one-third “ 

“ " “ “ four-tenths “ 

•• one half “ .. 

Back and face, each batter one tenth height.. 
“ “ " " oue-ftfth “ 

« ** “ “ one fourth “ 

^ “ *' one third “ 

'• four-tenths •' 


1 . 


Art. 13. Liability of wall or foundation to crush under 
unequal distribution of pressure. Ann ii uud 12 a]<ply unly ui 
f*e sUdnlUy of a rijfbl wall rt*btiiig upon a r>i7»t/ b.ist , and ilii-refuro incapable 
of failure except by overturning as a whole. They abow ih.it the stabiltiy is 
greatest when the water pressoa against the sloping nide. Hut in practice the 
point wliere the resultant of all the pressurea on the base ol tlie wall cuts tlu 
base, must not be so near to either toe as to endanger a cruilnng of wall or 

of foundation. Tins consideration often makes it lest to let ibe water press 

against tbo ver/ back, iiutwitbstaiidiiig the consequent loss in stability. 

Art. 14. Fig. 2.") shows, to scale, a dam wall at I’oomi, India, de^ignetl ity Mr. 

Fife, li, of England. It is ol mortar rubble, of 150 
lbs per cub it. Its total veil height is 100 It; ihiikness 
uv at base, 60 ft 9 ins; at Ion, i y, 13 ft 9 ins. The front 

r« slopes 42 It in 100 ft; anu the hack xv, 6 fl in 100 ft. 

Its foundation is 7 feet deep; luit we here assume that 
the water presses again.st it.t cw/irc hack xv. Through 
lite cen of grav G draw {is vert. From c, where the 
direction oi the pres P of the water strikes G^, lay ott 
cn by scale = 139 6 tons (of 2240 Ihs) water pres against 1 
ft in length of xv; and rf — 249.4 tons wt of 1 fl length 
of wall, (’omplete the parallelogram enmt of forces. 
Its diag cm represents the resultant of all the pleasures 
upon the base «t’,atid cuts tlie base at 0,20 ft i>ack from 
the toe u. Doing the same with the 151.4 tons pres p 
against rtt, we get the resuliaut oy, whicli is greater 
than cm, and cuts the base (at i) only 12.7 ft from the 
toe tJ, or 7.3 ft les.s than « is from «, 

Hence, when the water presses against xv the wall is 
less liable to fracture or crushing, and the earth foun- 
dation uv Is more evenly loaded, and hence less liable to 
yield unequally so as to cause cracks In the wall. On 
this account xv is made the back of the wall, although 
the moment of stability of the wall Is then only 2.2 (calling the overturn log 
moment of the water 1), while If the water press^ against ru it would be 8, or 
M per cent greater. 


rhx 
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Art* 15. The points a and i, Fif;25, are called centers* of pressiirr. 
npon the base, or centorN of reKiiitaiico of the base. If similar points, as 
il and 2 , be found in the same way for other lines, as / A, by treating a ]).trt (as 
rxfif] of the wall as if it were an entire wall; a slightly curveii line joining 
these points is called the line of preNHiirr. Thus, A a is the lint' of pres- 
sure when the water presses against xv. Each point, as d, in ba, shows where 
any joint, as/A, drawn through that point, is cut by the resultant of all the 
forces acting u|ton said Joint, bi is the line of pres when the water presses 
against r u. These lines do not .show the directum of the re.siiltants Thus, at a, 
the latter is cwi, not ba. The angle between thediiection ot the resultant and a 
line at right angles to the bed or Joint, must be less tiian the angle of friction 
of the materials forming the Joint. 

If from the end w oi v of the lesultant of the piessures upon any Joint, we 
Iraw m'l or vl hor, then c‘l or o/ (ns the case may bei mcnsurcs the entire vert 
fires on that Joint; siiul /« L* or /// m* asoies ihe Ao; pres against the back oi the 
wall, winch tends to euuso sliding at the same foini If tlie diteidioii ol the re- 
mit itit eonu's within the limit statisl in The pieceding paragraph, in'l or yl will 
be less than the frictional resistance to sliding, wiiich la.st is -- c‘2 (or o!) the 
coetr <»f fncliuri for the surlaees lernnng the joint. Hence sliding cannot take 
place Sliding neTci occvirK in the vummnj of walls of ordinary lornis. Good 
mortar well set hkIh to jirevent sliding, but it is better not to rely upon it. But 
entire walls have sliddeu ou slippery foundations. 

Art. 16. Ill Ciilifornia, about 1800, were built dams of dry 
roiigli stone, founded on rock. Height 7ti ft; base 00 ft; top 0 ft; 
hor spread of up stroum slope 70 ft ; of outer slope 14 ft. Stone 
laid with some care by hand, except a core of about one-lifth of the 
mass, whicli was roughly thrown in. Water slope covered with 
3-inch plank, laid hor on 111 X 1- inch stringers built into the stone 
work Cost about .$3. per cubic yard. (1. H. Mi'iidell, Report ou 
jirojoctis for San rTancisco N\aler supply, 1S77, page IS. 


Art. 17. To find tho thickness of a cylinder to resist safely the 
pressure of water, steam, Ac, against its interior. If riveted, see next page. 

Where the thioknens is less than one-thirtiefli of the 
radius, as it is in mo.st eases, the usual formula 
Thickness pressure _ 

(1) in inches =* rengtli 

is employed. It regards the material as being subjected only to a direct tensile 
straiu, wiiich is sutlicieiitly correct in such thin sliells. 

For somewhat tfreater pressures and thicknesses. Professor 
F, lieuleaux (JJer Konst rukleur, p .V2) gives 

Tliickncss pi^iire / procure 

in Inches strength I ‘i V safe 


( 2 ) 


‘2 X safe strength. 


X radius,* 


For Tery fcrcat pressures and thicknesses, as in hydraulic 

{ iresses, cannons, Ac, Professor Reiileaux (Konstrukteur, p 53) gives Lamp's 
bmiula : 

Thickness 


(3) 


in inches 


4 / I safe 

"■ \ \ safe 


X radius.* 


I safe strength -f pressure ^ . 

I safe strength — pressure / 

The three forunilte give results as follows, pressures and strengths in lbs per 
square inch : 


Diameter. 

Radius. 

Pressure. 

Safe 

tensile 

strength. 

1 ThicknetsK, inches. 

Formula (1). 

Formula (2).] 

Formula (8). 

1 

i 

10 inches. 

•• 

U 

90 

900 

9000 

10000 

m 

•05 

.90 

9.00 

.090125 

.5125 

6 2.’) 1 

.05 

.513 

7.32 


The thleknesees given by the fortnul* appropriate to the several pressures are 
printed in tiCAvy type. It will be seen that in these cases the results differ 
but slightly, except for very great pressures. 


* In nil thiee formniffi take rtuktu in imokes, and the pressure and strength 
2a pmnii i sifumre ituii. 
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Rom. 3. Want of iiiilformity iii the coolini^ of thick castings uiases 

them pioiK.rciimully weaker tbuu ihin oues, aoth&t Id order to reduce Utlckneu to impoitant oaaei 
we Hhoulil useorilv bekt iroD remelicd .) oi 4. tiniea, by wltlch meaua tkD ult coheaiOD or about HOOOl 

per sq iui-li nmy be secured. Bui even >vith this piecaution iio rule will 
apply suloly at pratttice to cast cylinders whose thickness exceeds either 

ahoui h to lU iiiH, OI tbo luuoi rad however aaiall 

Under a pru'. of 8(H)U ttti per sq inch, wafer will oo»e fliroii|i(li east 
iron H or JO IiiS thit'k j and under hut 250 Ib.s per st] inch, through .5 inch. 

Table of tliiekiiesMeM of Hiii^le-rlvefed w rouKkt Iron plpert. 

tanks. Rtandplpt's, tr, bv the above rule, Ui bi'dr with a safety of 6 a tiuiet piessure of ItMH) ft bead 
of water, or 4.U tbs (« sq lueb , the ult cob of tiilr quality plate iron tieiDR taken ai 4H(KS) Bis per sq 
luoh, or at SOtK) 3)8 tor a sifetv ol t», wbich is lariher reduced to HOOO X .a<*" +4b0 lbs, to allow for 
weakellin^ by rivet hnl.'s; inr Hiiitfle^rivetrd cyls have but al>out sri ot the 
strengtii of Ihc solitl sheet; and «loiiblc-rJt pfrtPotic^ about .7. >Vith the 
above pros aud otho daw, Hit i iile here leads to thickness =- .lOlii X imu ' i id m lus. 


bi. 

ThH. 

Ol 

Tbs, 1 

1)1 

Tlis 

1 1*1. 

Ths 

lU 

T bh ' ] 1 

Dl 

Dl. 

■fhr 

loa. 

Ink 1 

Ills 

Inn. ' 

lUH. 

Ins 

Ins 

liw. 

IllM. 

Ill's, jj 

lUM 


Idi. 

.3 

.025 1 

5 i 

2.74 , 

Ib 

M3 

30 

1 62 

60 

3 05 1 

120 

10 

6 09 

1.0 

.051 , 

b 1 

.403 

IS 

.»U 

33 

1 484 ■ 

66 

3 3.) j! 

132 

ll 1 

6 70 

1.5 

.076 1 

8 1 

406 1 

t 20 

' 1016 

.16 

1 83 , 

72 1 

3t>6 ll 

144 

12 1 

7.31 

2.0 

.102 M 

10 

.■■lOS ] 


1 1 117 

42 

2 13 i 

84 

4 27 ‘ 

192 

1 16 ' 

9.75 

3.0 

.152 !| 

12 

609 '1 

24 

! 1.219 

4H 

2 44 

96 

4 88 1 

240 

1 2(1 1 

12 19 

4.0 1 

.203 11 

14 t 

.711 ll 


! 1 311 

54 1 

2.74 1 

108 

.5 49 1! 

2SM 

1 24 1 

14 63 


Fora less head or pressure, or tor any halt'ty le«.s than f>, it is safe a:.i 

near enough in practu'e. to reduce the thickness of wrought Iron c>ls In the same proportion as srjl 
head, pres, or safety is less than the tabular one 

Doiible«riveted cylinders, Fairbaini says are about 1.25 tiinci as strong 
0.1 single-riveted, llencc they may be one-tiftb part thinTu-r Lap-welded 
ones are nearly 18 time.s a-s strong as .single-nvtted; and hence may be only 
56 as thick. 

Many continuous miUt.s of double-rlvefed pipes In California have 

oeen in use for rears with safetya rf but 2 to i 6. Inouecasi tlii head b 1720 tl, with a pies of 74S tts 
per eq inch . diam it 5 ins ; thic'kneH.s, .34 inch. 

Cast Iron cify water pipes inuat be thicker than required by formula 

! 1), in order to endure rough handling aud the eflfeciM ol “ «.iti r-rain” 

due to sudden stoppage ol flow, see second Rem, p515), and to piovide against 
rregularity of casting and the air huiibles or voids to u'hicii all castings are 
more or less liable. In the following table the ultimate tensile strength of cast 
iron is taken at 18,000 Ihs per square inch. Uoliann A give.s thicknesses by Mr. 
J. T. Fanning’s Ibruuila (Hydraulic EDgineenug, p 451). 

Thickness ) ^ (pres, tt)s p el sq ii i 100) X bore, m s 050 / ( __ 
in inches i .4 X tiltiinale unsile strength ‘V 100 / 

These correspond with average practice. The addition of 100 Ihs to the pres is 
made in order to allow fur water-ram. Column B gives thicknesses by formula 
(1), taking coefficient of safety => 8 (thus making safe tensile strain «■ 2250 
Ilto per square inch) and adding three-tenths of an inch to each thickness given 
by the formula: 


Head in feet 50 


100 

200 


300 


500 

lono 

Pressure, 
lis per sq in. 

21.7 

43.4 

86.8 


130 


217 

434 

Bore, ins. 



Thlekness of pipe 

, in Inchen. 




A 

B 

A 

B 1 

A 

B I 

A 

B 

A 

B 

A 

B 

2 

.86 

.31 

.37 

.32 

.38 

A4 

.39 

.:i6 

.42 

.40 

.48 

Al 

3 

.87 

.31 

.38 

.33 1 

.40 

.35 

.42 

.40 

.45 

.45 

A4 

.60 

4 

.89 

.82 

.40 

.34 

.42 

A8 ' 

.45 

.42 

AO 

AO 

.61 

.72 

6 

.41 

M 

AH 

.36 

.47 

.42 

AO 

.48 

A7 

.60 

.75 

A4 

8 

AS 

.34 

.47 

.38 

A2 

.47 

A7 

A6 

.66 

.70 

AO 

1.15 

10 

.47 


AO 

.40 

.66 

AO 

A2 

.60 

.74 

.81 

1.04 

t85 

12 

*49 

M 

A3 

.42 

.60 

A4 

.67 

.66 

.82 

Al 

1.18 

1A7 

18 

.55 

38 

AO 

.46 

.70 

.62 

.79 

.77 

.98 

1.10 

1.46 

2.00 

18 

J57 

.39 

.68 

.48 

.74 

A5 

A5 

A4 

1.06 

1.21 

1.60 

2.20 

20 

.61 

.40 

.67 

AO 

.79 

.68 

.91 

.90 

1.16 

1.81 

1.76 

2A0 

24 

.68 

.42 

.78 

.58 

.87 

.77 

1.02 l.Ot 

lAO 

1.51 

2.03 

2.84 

80 

.74 

.45 

A8 

A9 

1.01 

.89 

1.19 1.19 

IA5 

1A2 

2.46 

8.47 

86 

.82 

.47 

.98 

.65 

1.15 1.01 

1.36 1.87 

1.80 

2.12 

2A8 

4.11 

m 

.98 

AS 

1.13 

.77 

1.42 1.24 

1 1.70 1 

1.78 1 

2.28 

2.78 

8.78 

5.88 
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Table of thickness of Icatl pipe to bear internal preeaurea with a 

of 6; taking the ultimate cohesion of lead at 1400 IbH per sq inch. i v* * 

Item. Although theae thick nesaes are safe againstquict pressureB, they might not 
reaiatBhockacaUHedbf toosuddeu cloBiugofKtoit cocka agalnat running water. 


Heads tn Feet. 

200 I 300 I 400 


Pres in lbs per sq Inch. 
4.1 1 j ‘ 130 ' 174 1 217 


Thickness in Inches. 


I ii>'9 19.1 ■ 


147 j .197 


1 Heads in Feet 

I j 100 j 200 j :i00 j 400 j 60 

= \ Pros m lbs per sq inch. 


ThickupBB in Inches. 

UJ -'M !‘.7 1 :>M , »W2 

27 27*. l!7 .619 ; «:*3 

1.1 ,1V2 .>. 1*1 i 7t,7 I 1 02 

7'' ..W7 *120 ' .MS*-: , 1 20 

'IM 44*2 714 ) l.U- , 1.36 


Rem. The valves of water-pipes imint be closed slowly, and 

th«‘ in cr—ity t(*r this piecaution increases with tlioir tiiaius. OthiMwise the Bud- 
J**u uirestiiiK of Ui" iiiMim-utiiiH ot the niuiuiig wut“i will cr«-ate a qiial Tirt's..ure .i^raiust the plpt# 
lu all dirccluiiiN, ami thrnughout thcli *‘iiure leiiKth behind th( K^l**. eteu if U be uiuiij juilen , thus 
endangering their bursting at any point. Hence stop gales .ue shut bj screwy 

Art. IM. Buoyancy. When « iMxiy is placed in a liquid, whether it float 
or hiiik, it evidently displaces a hulk of tin* liquid eijual to the bulk of the im- 
uior'ietl iMirtion of the IkhI) ; and the body, in both cases aud at any depth, and 

in any position wbaiev«‘r, is buoyed up by the liquid with a force e<^ual to the 

weight of ilie liquid *>0 displace<i Thus, if we immerse entirely lu water a 
piece of cork, c, c. Fig 26, or any boily of less specific gravity than water, the 
cork Will, by its weight, or force of gravity, tend to 
d<*s<:end si ill deeper; but the upward buoyant force of 
the water, being greater than the downward force of 
gravity of the cork, w’lll compel the latter to rise. In 
thi .4 case, the cork receives a total downward pressure 
equal to the weight of the vertical column of water 
above it, shown by the vertical lines in vessel 1 ; and 
a total upward pressure equal to the weight of the 
column shiiwii in ves-sel 2. The diflereiioe lietween 
the.se two columns is evidently (from the figs) <^ual to 
the bulk of the cork itself; therefore the dilference 
between their weights or pressures (or, in other words, 
ibe buoyancy of the water) is equal to the weight or 


riR. S6. 


pressure of the water which woiUd have occupied the place of the cork ; or, in 
other words, of the water which is displaced by the cork. Ihi.s dt^erence, or 
buoyancy, will plainly be very nearly the same at any depth whatever of entire 
immersion, it increases slightly with the depth, owing to iucrea.se in the d^BRy 
of the water; but, on the other band it is diminished by compression of the 
cork Now tke cork, if left to itself, will continue to rise until a portion of it 
reaches al>ove the surface, aa in vessel 8. The downward pr^sing wlumn 
then ceases to exist; and the cork is pressed downward only by it.-i own weight. 
Ihit, as it now remains stationary, the upvraid pleasure ol 
isiuiil to the weight of the cork. But the upward iiiessuie ot ilic water arises 
<.nh fnmi the shaded cijlunin shown in vessel 3 ; and 
case of total immersion) equal to the bulk of water displaceil. 1 

the buovaiicy is equal to the weight of water displaced ; and when t^ 
laxly is in wiuillbrium, whether at or lielow water level, the buoyancy, or the 
weigtitof water displaced, is also equal to the weight of the 

ir b«* of a substance h«»avler than ^ I 

yancy of the dl.splaced water, and th*^ body tlierefore sinks with a 
ton*** coil 111 to the difference between the two. J bus. a cubic toot of cast iron . 
w< igbH S n-i, inu^^ cubic foot of water 62 5 lbs., so that the iron sinks with a 

^‘’Tbe’same nrinclpTeShw t4) other fluldw. Thus, light Iwdies, such as 
irooke a balloon etc in air, all tend, like a cork in water, to fall ; but the air, 
iHjing heavier, crowds them out of the lower positions which they tend to assume, 

“"aSIIS. ll'SHiSSofteid ana a pound of fealhen, weighed in the air, balance 

«c.:’iS,;^iuavaoun«Vi^“ 


If the laxly 
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The downwd force of gmv may be regarded as concentrated at the oen ol 

rav (i ot a floating body. The upwd pres, or buoyancy ,t of the water may similarlf 
e regarded as acting at the cen of gr W of the displaced water.* W is also called 
the center Of prcHNure, or of baoyancy, of the water; and a vert lint 
dra\Mi through it is called the axil*, or vertical, of buoyancy, or of flo* 
tatiun. (.)rdiiiarily4; W shifts its position with every change in that of the body 
Thu.s in L it is at the ceu of gr of the rectangle o o b b; and m N at that of the tri- 
angle a a v 

When a floating 
body. L. 1* or R, is at 
ri>8t, and uiidistiii bed 
by any third force, 
as F. It IS said to he 
in equilibrium, 
and «i and W are then 
in the (■amo volt hue 
t t Fig' L and R, or 
c eFig I’; which line 
IS culled the stxi**, 
or vertical, of 
eqnilibri 11111. 

When a third torce, g as F’, in N and O, causes the line, joining G and W, to 
lean, as m Figs N, (I and S, tlien if a \ert line he drawn upwd Iroin the cen W of 
l>iio> . the point M where sa-id line cuts s.ud a.xis, Is called the mclaccntcr of 
the Ixidy.'! G and W are then no longer in tlic same vert line and the two opp 
and vert forces, gra\ and huoy, acting upon tlio.se jioints respectively, foiui a 
“couple” and, when the third force F is reiuoved, they no longer hold trie body in 
equilih, but cause it to rotate If (as in Figs () and SI the positions of (i and W 
are then such that the nietacenter M is oftorc t he cen of gr (i, tins rotation will tend 
to Ihe, body to its former jmifioti, and the body is said to have been (before 

the appHeation of the third force F) in «ttablc eqiiilibrlnin.*' Rut it (a.H in 
N) M 1 ? bfloiod the direction of rotation is such as to tlie hod>, by (‘iui.sing 
it to ilfjiort further frniii >t.s lorrner position, and the Ixidy is said to have Ik'cu in 
nnotabic cqnilibrliiin.l 



The tendency or raoment tn ft llw of a floating body either to upset or to right iUelf, la, 
_ the wt of the body (or tuc oqu.ul ^ the Lor diKl tjctwcon W M and (j II, 
upwd pres of the water) lu Ibu ^ Figs N, O and S, in ft. 


The third force F may of course he «« great as to oTerpower the tendency of the Ixidy to right it 
Hir. Thus, a ship may upset to a burnoane, although Judloiously loaded and ballasted for ordinary 
winds. A hor ■eotion or a body at water-line is nailed Its plane of flotation. 

* The body ii* in fact acted upon by other foreen, such us tlie hor 

pressures of the water against Its immersed pornonn hui iih nil of tliene in itny one gneii direction 
arc balanced bv equal ones in the opposite direetiou, they lis\e noeftect upon the forces (I atitl W 
It Is also acted upon by the air, whieh presses it downwards with a force of 1* Tf) lbs per sq iurh , but 
this IB balanced b) iin’e(|ii,-il pre^ of the Hurroumling air iiiem tiic surfaec of the water 



+ Thin bnoyHiiey Is made np of the pamllcl ii|iw!iril jires.sures of the 
inmirneruhle vert filament.s ol the (lisplaeetl water as shown by Fig ‘2(>, and 

the axis of flotation is tbeir resultant, as in tde case of parallel forces. 

J The shape of a bode (as that of a sphere or cylinder U) may he web that the positloo of Ita oeo 
b«oy X, relatively to Ihst of Its cen of gr O, Is not ohang^ bv the rotation of tlie liody about n glvm 
axil (a.s anv avis of iba spiiere or the longitiithmU axis of the cfl). but remalnM cunstantlj lu ih# 
lame vert line witli (i, so that, the body. In rotating, remains In csjuiiib Huoh a hotlv is said to ho 
in indifferent equilibrium uhont nawl hms. Rut if a cyl If he iimtie to 
rotate about iU trungvnrse axis *x, It plainly comes under the remarks on Figs R and fi. and may 
(before rotating) be in either stable or unstable equilib almut that axis according to tho way in wblob 
its wt IS distributed. 

I This netaoenter shifts its position on the line 1 1 according to the Inclination of the latter. 

xiUilIkYen loadinif, inetead of a third fonc, nuiy cauHC a vchhcI at ront to 
lean as at P; and yet the vessel so leaning may be In equilib. for lu axis s « of equilib may Iw vert, 
altiioiigh not coincidiug witii the axlH of symmetry of tho vcBHel,M it doen ad 

floating bodies, this may sometimes (as in Figs R and S) be the case even when the cm ^ 
lam W {not the metacenter} is below the oen of gr U ; beoause, when the botW la forced to lean, w 

MMailoaMUMrpnatfsll,«d«MifalMmfisatMhui*brtatMabweoO. WbaivnmMMr 

Q In bodies of uniform density, floating at rest. If any part of the body w above water. When snob 
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Art. 19. A body 1 tighter than water. If placed at 
the bottom of a veMael eontainlniir water, will not 
ri»e iinleftH the water ean K^et under it, to bnoy it, 
or pre*«H it upward. a»i the air preNNea a balloon oi 
nmoke upward. Thus, if one side of u block of light wood, 

perjfctlit flat and smontli be placiHl upon the similarly flat aud smooth bottom of * 
vessel, iind held there until the vessel is fllled with water, the downward pres will 
keep It 111 its place, until water iiisinuatca itself beneath through the pores of tb« 
wood Hut if the wood be smoothly varnished, to exclude water from its pores, 1( 
will Vematu at the bottom. 

On the other hand, a piece of metal may be pre< 
vented from aiukin^ in water, by subjecting it to it suffi< 

cienl upward pres only, while the downward pres u excluded. Thus, If the bottom 
0*7 glass tube, t. Fig 27, and a plate of iron m. be made siuisith enough to b* 

p in water tight when placed us in the tig, and if in this position they be placed in a 

.1 vessel of water to a depth greater than about fl tunes the thickness of the Iron, tbt 

upward pres of the water will hold the nun in its plate, and prevent its s’nking' 
because it is pressed upward liy a coliiinn of water hiatier than both the column of air, and its own 
aeigbt, which press it downward. Uu this principle iron ships float. 

Rem 1. A rrtaiiiinK:*wulI, aw in Fly; 2$, 

f<inii4lrd on pilrs, nmy Ik« strong fuough to rt*- 
slst the pres of the earth e b< hiud it, iu case water does not find 
Its wav uiiderueatb; aud jet may lie overthrown If it does; or 
even if the earth «« around the he.uis of the piles tiecomes aatu- 
rated with water so as to form a fluid mud. In either case, tha 
upward jires of the water Bgainst the bottom of the wall will vlr* 
tually reduce the wt of all such parts as are below the water surf, 
to the extent of <>2'.^ lbs per cub ft; or nearly oue-balf of the or* 
1^. O O dinary wtof rubble masonry In mortar. 

1 0 A O Bkh. 2. although the piles nnder a wall, as in Fig 28. may be 

abundantly sulTlcient to sustain the wt of the wall ; and the wall 
CQuallr strong m itself to resist the pres of the backing e ; yet if 
the soil s« around the piles be soft, botb they and the wall may be pushed outward, and the latter 
overthrown hy the pres of the backing e Prom this cause the wing-walls of bruiges, when built 
on piles ill verj -utt soil, are frcitueiitly bulged outward and disfigured. In such cases, the piling, 
aud the woodeii platlorni on tup of it, should extend over the whole space between the walls; or else 
some other remedy be applied. 

Art. 20. Ilrmiy;hf of vrs^ielM. Slncea /7wt/tn//bodv displacPBawt of li<iuid 

equal to the wt of the body, we may deicrmine the wt o' a \e\sel and it* cargo, by ascertain’, tig how 
miiuj cub ft of water I hey 'displace' The cob ft, malt bv will ghc the reqd w i lu lbs. Suppose, 
for lustauce a flat boat, "with lert sides, (50 ft long I'l ft wide, and dr.iwiiig unloaded 6 Ins. or .5 o' 
u ft In this case it displa-’cs till X X o = sMleiib U of wu'er, which weighs 4.)0 X BJ’li = *’8l‘J4 
fts . which coiisei|iieiit|y is the wt of the lioat .tiso. If the cargo then be put iii, and found to siull 
llie bn.ii i. ft laarr. we have tor the wt of water displaced by the cargo alone, (50 X 15 X X 6-^ — 
ll^SdO lbs ; which is also tlie wt of the cargo. So also, knowing beforehand the wt of the boat and 
cargo, and the dimensions of tbe boat, we can find what the draught will be. Thus, if the wt os befors 

be I406'’.*i tbs. and the boat (50 X 15, we have 60 X 15 X C.Ji — 562 £pO, and z: 2 5fl the required 

56250 

draught, in vessels of more complex shat>es, as fn ordinary sailing vessels, the ealtmlatloo of tks 
uuieuui uf dlKplacemeni becomes more tedious; but the principle remains the same. 
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HYDRAULICS. 

Flow of Water throu«(h Pipea. 

Much of the theory of hydraulics is still matter of dispute. This, and the 
unavoidable imperfections of actual work, lender it advisable to use liberal 
safety factors in applying hydraulic formtila.s. Kveii new pipes aro liable to 
tuberculations, which materially diminish the flow, and these sonielmu's Rreally 
increase nnder the action of chemicals in the water. Air in the pipes also 
diminishes the flow. 



The term HEAD or TOT.iL HEAD of water, as applied to the flowage of 
•ator through caaaU, pipen, or o[>cuiugi in reaenoir*. Ac, mcatiH the vrrt diet tv or po, KIg 1, from 
fee lerel surf, mi, of the water iti the reservoir, or source o( supply, to the center (or more proiwrlv U 
tiiecen of grar) «, of the orittce (whether the end of a pi|>e, r o,to, v o.zo, I o', or uuy other klne of 
opening) through which the dtsch takes place freely, inh> the air ; or the vert dist a w. or /g, from 
the same surf, ml, to the kvel turf, gu, of the water In the lower reservoir, when ihedisch takes 
place under water. Thus, in the case of disob into the air, the vert dlst » v or jio. Is the toul head 
fhr either of the pipes ro, to,vo,zo, or to; and tic is the head for the ontiue, k, in thu sidi< of the 
reservoir. And for divch under water, a u. or /p, is the head for either the pii'C j, «ii the oi*enliig n ; 
without any regard w hatever to their depths below the sui f of the lower w aicr , w hich, accoi ding ts 
the older authoritlea, do not at all affect their disciu 

A portion of a pipe may have a head greater than the total head of the entire pipe. Thns tte 
point 6 in the pipe io, has a head 6 1 ; white the entire pi|>« has only me heul p o. 

Both in theory and in practice it In ininiafi^riHl hn rcKardN 
the vcEand the qnantity of water diNclinrired. alielher the 
pipe In inclined downward, hn r o, Fi|f 1 ; or hor, hh r o ; or in- 
clined upward, an lot proviiled the total head j>o. and alao 
the leng:th of the pipe, remain niif*han;ir*‘d. If one is longer 

than anuther, lU sides will evidently present more frict'on against the water, and thus diminish the 
vet and the quantity of diseb. The inclined pipes, r o,lo, Iceiiig of course a little longer than ths 
bor oneeo, will therefore each disch a trttle less water, hut if the hor one were exte[id«>d slightly 
beyond o, so as to give it the same length as the others, then each of the three would disob the same 
gnantltj In tbc same time. 

Art. 1 «f. DiTiatonN of the Total Head. In any pipe, tut »o, ro, 

f 0 . VO, xo,OT I o, Fig 1, the total head has three distinct duties to perform i Isi, to overcome the 
resisianee to entry ate, r, t, v, a, ori; *A1, to overcome the realstauces mthin the pqie; and, lid, le 
give to the wwter, entering the p<pe, the uniform rrlocttg with which it actually flows 

For convenience, we regard the total head ms duidefl tout three portions, oorreaponding to these 
duties ; namely, 1st, the entry head ; lid, the reeUtanee, or friction, head ; and. •'Id. the retonty head 

Art, I 6. The velocity head is the height through wlilch a budv mimt 

fall. In vaouo, to acquire tbc vsl with which the water actually flows luUi the plpo. It U therefore ' 

pi 

In which V is the vel in ft per sec ) and g la the accelcrutlou of gravity, or 33 3 

Art. I r. KxperiMif'iit showa tliHt, with tin* imiml Hlmrii-edged entry, the en* 
try head is, Iie,ir ehough for praclioi-, ■=* Imli the vel liead. If the entry is shapi^ 
like Fig 7, scaroelv auy entry head will lie required But, in pliies longer than about lOM 

diameters, the entry head bears go slight a pro|iortiuQ to the total bead, that this advantage Is of hot 
Httle importanoB. It becomes more apparent in shorter pi)i«8. 

Art. 1 d- In Fig 1 wilt uHsiiitio that lur any of tb« pipes, I • represents 
the sum of the vel sad entry heads. Then the remainder • ». or w o, of the total head, la the 
friction head; or the bead Whioli isjnst Hiiffletent to balance tbefHctioii and 
other reelstanoea uHtMn the pifis ; and, sinoe the rtitry head Imtanoes the resisunoe at the sntroiMt 
te the pipe, the vslocilir bead has only to give velocity to the water in the vessel, oauslug it to eolei 
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the pipe »s rapidir as It flows through It, ai3d thus keeping the pipe eupplied. If, by sborteniug tht 
pipe, or by smoothing its inner snrf, we diminish the total friction, then a less friction bead ^11 i* 
required , but the vcl will, at the samo time, bo lncrea<>e(], and this will require a greater velliead, 
and entry head, so thnt the three together make up the total bead, as before. Since the frictwn is 
equal to the force or bead reqd to overcome it. It also is represented by too. 

Art. I e» The friction heiidmayaBlnBo,»o,Rndfo,Figl,beal1afw»etheeiitratioe 
ttie pipe, and therefore outnide. of the pipe : or, as in a pipe laid from • to o, It may ho all heiM 
rhi' entrance, and uit/Hn the pipe; or as in ro and to. it mar ts' partly above, and paray below, the 
entrance , and iherelore partlr within, snd partlv without, ilit* i Ipe. The vel nnd disch, after tht 
pipe i- tilled, are not affei'ied by this difference in |iosuioii nt the entry end ; but the pressures in the 
nijK-, and the vela vihUe the wnier Is filling an emptg pipe, are affected by It. 


Art. 1 f. Bat it in nocrssinry that tlio rntry end of Ihe pipe 
fihould oe placed ho far helow the Biirf w i, thnt there pIihII Im left, 

aiiovc the cen of grav of the enttv end.at least a head, i », suftinent to perform the duties of the entry 
«ml vel heads. If the entry end of anv of the pipes be raised above «, a portion of ilie vel bead will 
hefMthe pipe. In other woids, the head i»i the pipe will he more than suffi •leni to ovircome the 
lesistancea in the pipe- and the surplus will act as vel head, and will give greater vel to the watW 
<n the pipe. The reduced head thus leit ab<i\e the entry end wilt plainly be Insufficient to maintalo 
Che supply for the greater vel, and the pipe will run only partly full. 

In ordinarv cases of pipes of cousiderable length, the sum of Ihe entry and vel bends theoretically 
required. Is but a small portion nf the total head, and laiely exceeds a foot. Indeed, in a pipe of 
considerable dinnieier. the upj*er half of its cioss eectlon at the entry end may often be more than 
enough to provide sufficient entry and vel heads above the cen of grav ot said cross section; so that 
the top of the eiitn end might, so far as these con-ideratlons alone are eoncerned, project above the 
surf of the water in the reservoir. But the end of the pipe Bhoiild in practice slwavs be eutire;y bw 
low the surf; oiheiwise air and floating intpurities will be diawn into It, Wnd cause obstruclkniit 
Moreover, the water surf of reservoirs is aiwuvs liable to considerable changes of height; and the 
*ntry end of the pit>e nmst Iw placed at such a depth that the water can flow into It with sutBoienf 
Tel when at Ua lowest stages. As before slatetl, tins will cause no dlmiiiutiou or incrniHe of disoh. 

Art. 1 a. To flntl the frielion lieitcl reqd for any |mrt of 
th nipet kudViitip: the hit; head roqd for the whole pipe Sii.t e tin- Inction. tn M 

pipe of uniform dlam, is (other things being equali in proportion to its length ; and since u> o, Plf 1, 
ivpreseuts the toul friction, or reqd friction head, we have 

Totallcngth , Length of the The friction head reqd 

ofthtipipe • given poitlou • • • for that portion 

Or, hating drawn w o by scale, $ w hor. and • o \ 

Total length . Length of the . * A dlsl, as * c. to be laid 

of the pi (le • given portion » • •• * off from son so. 

A * • CM • A *' • to ^ 

•f r . . • • • from s on s Mt 


Then n vert line, u 5 e, drawn from b or e, nnd joining s w nnd s o, gives by watc the fHetlimteid 

”^Art. 1 1u If the pipe is strnipht, as r o, t» o, f o, the friction In any part htgli^ 
ming at the reservoir, ns 1 6 in the pipe t «, may be found at once by drawing a Hoe 6_| vert upvnHl 
from the axis of the pipe nt *. The line «_8 will then give the frlctlou In I «. It also gives the M*- 
Mod in r 4, or In thnt part of c o which lies between v nnd the dotted line 1 6, It must be remem- 


bered tbnt all the pipes In Fig I are supposed to be of tb* 
same nciual length. 1 bey would thus end at different poibts 
o, and strictly a sepnrme diagram must be drawn for each 
jdpe. In a part of the pn'*' not beginning at the reservoir, 
as loro. VO. or to, betwen |toinis veiticlly under c and 
X. the amount of friction u given by the line d r, foi it Is 
iilainlv =■ y X — h c 

Art. I i. If the pipe l» vert,a« ra. 

Fig I A. let I Sion Its axis lot represent, as before, the sum 
of the vel and entry heads. From s, r. and o, respectively 
draw hor lines s m, v *. and o y. making o y • o. Draw 
the oblique line s jr. Then, to And the friction In any part, 
as aq, tieginninr at the leservolr , from « lay off qd hor, and 
equal tn v q, and draw the vert line a a, crossiu( s y at p. 
Then b g will gUe the frlctioB In e q. 

Art. 1 k. If the pipe Ih enrvedqana 

if the curv ature is uniformly distribuied along its length, or 
so slight that it may be ueglecied ; the friction beads nqd 
for the several portions of the pipe, mav be fonnd In the 
same way as for straight pipes, as In Art I H. Otbervlae 
they must he found by proportion, as In Art I G. 

Art. I I. While water Is filllAir 
an empty pipe, the execHs of the total heM 

above the requirements of frratioD, &0, gives to Ihe water a 

ipreater a el thnn it hus after ttie pi}>e is fillod; 

hut this giaduallv decreases as the advancing water encono 

E the friction along the iocrensed lengths of pipe tilled; and fiually.beeoines least when tbewatai 
the whole length, sud begins to flow from the disoh end. o. But if onlv the Tel and entiy 
ftMds are left above the entry end, as In a pipe laid from s to o, there will plainly be ao sueh exoem 
W total bead, and, oouseauently. no such change of vel during the fliling of the pipe. 
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Art, 1 m-r.* Relation between diHoharipe, area, veleeity and 

? >re%Mnre. lu f’lg l wheie the mpe, b F, luiming lull, rwoives water 
rora an uuluuited rehervoii, A\ lU h, and discharges ihiuugh an oiitice, /<’; the 
volume ol watei, ])iissing any given cross seftion of b F, in a given lime, is 
coustain and eijual to the rate of discharge at F Thus ; — if the rate of disciiarge, 
at F, lie Q cubic feet per second, then (^cu)nc feet will pass each cross sei'tiou of 
the pipe, b F, per second. 



Let (t -= the area of (Tom', section, and liu* velocity, of the stieain issuing 
throuiih the shoit pi|»e hejoiul F. 1' is callecl the vehu itj til cltiux 
lait .4o, etc , he the (iitfcrent areasof cross section «il )> /•', and li 
cross sections resjtectivelv 


he the Teh»ciiie'> 

— /Ij 1 '.., etc.; or r = ’ 


I hen Q 
otln 


> at those 

Q 

yti’ " A 

ties aie inversely as the areas of cross section. Also, a - 
etc. 

The losses of ptessure, due to the velocities, respectively, at 


r A,t;, 

the veloel- 








A-: - ' 


, (/,. 


c .,2 


and 


>f Mtatic pre,s.miie 
ciiec, due to velocity, 
the velocities are 

. I ' 2 * 


etc,; Bs represented hy the ordmate® hetweeti the line <i o', 
the diattram, o 1 2 H 4 5 C F, of actual jiressnies '1 he ditlc 
between the pres beads at any two poinis, as cj and vvli 

, , ^ l * ^ 2 *" 

Cl and v.j respectively, is — Pi ' ”i — ”2 ' — ,, 

The remaining pre.ssuie head, P), etc, at any point, im 
reservoir — velocity head at the point, // ~ d,, J! — eti 
The loss o( pressure head, at F, is (6 F) -- - Jf — d i 

drojis to zero , to the utmoMphene pressure 
Art. 1«. OpOll piozoinetcrs. It the lower end' of veitical .>r ioditied 
tubes, open at both ends, he inserted into a pip*-, /» F, Kig. 1 li I>, a® ;it c,, c* 
etc , tile water surface, 111 these tubes, will siaioi at height,'-, />,, /><,, etc , etnrtv 
spoudiiig to the pressuie heads at 1h«i }sniit'- where the lubeH ar*- inseilod Such 
tubes are calh-d open pi(v,onieterR. In order that the wau-r level niav ho 
observed, tlu-v are <»f gla.ss, at least in thoH- jwnfioii'- wlieie Itial level is likely h> 
be found. An obstruction, in the pip**, betwp<-n e, and F, would nmc the level 
in apiezomeler at c.; while an ohMiuction between b and cj would lowei it. 


1 > (/ 

static head in 


lid tlic |)i('s8ure 


*In Art. 1 m-r, for simplicity, wp neglect ail rpsistancea, includiiig those due 
to the abrupt eulargomenls and contractions of the pipe. 
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Art. 1 f. If we iinagiru' iiny pipe, full of water, to b® supplied with a onnHiei 
jf piezomelers, then a line, jmmng the tops ol the eoliimns of water in the several 
plezouieteis, is calleil tlie hyilraulic ^rade line. 

Art. I tf. In a Htiaight tube ul uiiitoiin tiiiiiii tliioughont, as r o, r o, or I o. Fig 
1, runuiitt; foil and diKcliar^itift freely into the air, the hjd giade hue m u straight line oraan 

from Its diseli end o to a point s nuinethatelj over the entry end of Ihe pipe, and at a depth below 
the suit equal to the sum of the tel .<ud eutrt heads. 

If llie orilii*4* at « b<» coiil.rai*le<i, the hyd gnidi* line must be drawn 

from s to some itoint, as e. nnmediutely nvero, and depending, foi us height. u|M>n the aniountof 

contr.iciion nt o Put in this case 

, / the point s will also he higher than 

■ — . hefon , lieeaiisc the tel in the pipe i* 

~ F'ifTil E reduced lit the eontraciion ; and the 

/-/ I ""'- -Zi sum i s ot the tel and entry heads 

'D I • I will be le*.*-, 

\ i f-... ~i • ~| ll‘ file cli*ieti at o is 

1 \ 1 I • *•»<*<**• water, the effect 

•* " * 1 “1"'** ot the grade hue 

if I ''"'''-If) ***“ tt* that of a con- 

j traction of the orifice at o. The 

1 iKiini e will he on the surf of the 
r ' lower water, and ininiediattly over®. 

! ’ , p Art. 1 I*. If lilt* pipe, of uniform 

■' diani, (whether discharging tneli or through a con- 

Z. O . , [ tracied opeiiiiiK at o. whet her iiuo the air or under 

- ,7[ 'v*. ! 1 watei\ iH bent oreur veil, the hyd grade 

' r\ I I line vttlJ still lie stiuiglit. prt>%'iclefi the 

J \ s "> } resistances are equal In tncli I qiial dll iMon of the hor 

\ ^ J length ol till pipe as In Kig I K, whui equal iImuioiii 

~7/i - •' length, coruspoud wuli equal 

\ ”1'.'^' ditihioijs 1 tt. « fj Ac, of the /lor length. 

\ j { ni tig 1 r. the h\ii grade line will take the 

\ I I shape * u 0 For if, In ntcnnlsuee with Art I <J, we 

Ei'r 1 W \' I dituh s o into two eipial p irts, s m, m o, correspond- 

JJ,.,.! I 'yi , lug with the two equal parts i-r, ro of Ibe length of the 

.i 0 p'pe, we ohiaiu tn c ~ u e lor the head oousueu u lu the 

' reewtauoes In rr, learing only r a for the pre > In ad at r. 

i rt I ff*. In a tort lari't* vessp), the toial hmul upon ain point at tlie level 
.! It . t'ntraiK'o I to a pipe /o./ Kig l (i, is u^preseiiied hv' > , as aln-ad} ex- 
■' ‘""I >MU III tills tot.il h«-ad a portion as / e, iC loqniivd to net ab 

'■ e I'.i head and entry head for the entiMiiee at /. leaving unit v/ as the pros- 
vine he.id upon a point in the iiuinediatolj lo 
’ (t J) the nglit o! /, Ihus while the pressure, iii pounds 

y pi’i’ •'•piare ineh, in the te.s.o/ at /, ks 

-,V^C7/ \ 04:54 . 

I that in the pipe at / is 

i ''s I , /y' f /J = ' / \ n psi. 

/ 1 .L_! Hut non a portion, as .m, of ,v /, is •'^]>en.l(>(l in 

hi' ^ t hulaiieing or “overeoniiiig'’ the leMstauces 

j throughout that t.oition of the ].ipe , and in doing 

I I'll this work, It graduallv (liiiiini,shes fioni v; ,it /l to 
j i \ ! j (at ol as ijidu-.ifed in fh(‘ (lotfi'd line 

I I I I hus, at 1 he point (i, a p<»i rnuj /- e has alu«ad\ been 
I I I 'u uieieoimng file n"'i>itaiK'es in the piiie 

' I i\ ! ^oad at 

I uinst still ho expanded .against resist- 

|L_. . 'J' 'J ‘V H'l'u i'etiieen il and o, leaving 

^ ^ the f.re-isuie head lor a point just 

0 U) Ihe left tif f he ooiitraeiion at The pressure in 

G c ‘luniui'-hed from s! (at 1) to 

..cay ,n.,. head for, l,e 

Z 1 IJ- »h;Hil. or forinnl l,y tl„. ,.o„traolion, but ala., an ad.) - 

1 tonal te/of f/// head to gne the iiierea«-e ..f xeloeiti flinch must take nlaee as t'-e 

piV ru*im ^SAirid iVie r*'*? for, io long jm“a 

ri.rnim:nm» 1 ■'.■niaina ro.lManl, (he ..faf.Vyii, each ),arl of 
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the end o' ol the pipe, as indicated by the dotted lino so', being all expended in 
oveicomiug the resistances in oo'. AVo thus have, for the hydraulic gradient in 
Fig 1 ti, the broken line tses'o'. 

when the [iressure is thus diminislied by ovoreoining resistances, or by ac- 
celerating vebtcity, the diminution is culled lossi oflK^ail. Thus we saj that 
■I A is hsf ut the entrance /, a i as Iriciiou head in lo,es' at tlie contraction o, and 
i'o as tnctiou head in oo', 

At o\ ail the available liead, i I, ha-^ been used up. The water flowing out at o', 
therefore exerts no lateral pressure, "O that the stream flows oat In paiallel lines, 
and its capacity for forward pressun- is due entirely to its kinetic energy (energy 
of motion) and to the pressure ol the air upon the surface in tlic reservoir at i; 
but this last is of course balanced by the air pressure from without against the 
o^uing o'. Where a great rwluctnm of cioss sectional area in a pipe is followed 
(down-stream) bj a re-enlargement, the iiicieaseof velwity may (under certain 
circumstances) consume not only the entire head of vnifr, bat also a portion or 
all of th» aimotvherxc pressure on the surface in the reservoir, thus causing a 
partial or complete vacuum at the constriction. See the Veutun Meter. 

Tll« Nyphon. or siphon If one leg a b of a bent tube or pipe o be, 
Fig M, of aoy dia-u. fllled wiih water, and with both ttn eudu stopped, 
he placed la a reservoir of water, a-t iii ite* tig. and if the stopper* be 

b then removed, the water in the renTroir will Ix-gtu to Hdw out at c, and 
will continue to do m' until Iti level is rediict'd to I, which i'l ihe enme aa 
that of the Aiy/iost end c of the pi|>e or syphon. The tiow will then stop. 
The parts a h and 6 c are called the leg^’ of the n phon, h being its high 
eat iioint , and thH is correct so fur as relatt s to it niereU as a piece of 
tulie, bat considering it purely with regsiil to Its character us a i vdrau- 
111* machine, the part t a below the level of the highest end e, niiiv 1/e en 
tirely neglected, for the w,iter in the reaeninr will not be dniwii down 
Ik low the level of the highest end, whether that be the Iniieror tliemilcr 
one. Therefore, if the disch end be above the water in the rciervolr, as, 
for instance, at v. no flow will take place. The vfrt height b o. from the 
highest part of the syphon, to the lowest level (, to who li the res> rvoir 
I. to be drawn down, must not, iheoreiiculiv , exceed about ,1,1 or .U ft, 
or that at which the pre* of Ihe air will sus* im a column of water, 
Prai'tlcally it must bo less, to allow for tb'* fricllou of the flow mg water, 
and for air whloh forces its way lu. Aud still less at plan s far above sea 
lend; for at such the reduced weight n' the Dlmosphei ic column will not 
balince *o great a height of water. In order remlilv to understand, or 



pU|- w at any time to recall the principle on which the svplion acts, bear in 

• mind that we may theoretically consider the end of the inner leg to be 

not actually immerseil below the water «iirf, but tml\ to lie Kept preclaely 
af it, a* the surf desoends while the waf r i* How mg out , but may re* 
jnrd the vert diet ho m the length of the outer leg; ..nd a vary log dist, w hich at lirst is hi, and finally 
I o (a* the iurf of the reservoir descends) as the length of the inner log ; and that the flow oontlnucf 
«n1y while (Av* outer leg is longer than tkU inner one The hook* are wrung in say Ing that the outer 
kg 6c mi«t be longer than the Inner one 6a, In order that the water may run at all. The principle 
then is simply this: that both these legs 6 r, and 6i. being first filled with water, (the part (a being 
•onstdered at first as a portion of the rwrvoir, and not of the syphon.) it follows that when the stop* 
Mrs are removed from the ends c and a, the air presses equally against these ends ; but the great ren 
head of water 6o in the outer leg 6 c. presses against the air at e, with more force than iho small head 
•f water 6s in the inner leg bi, does against the air at a or 1.* OoriBcquently. tho water in 6 c will 
tend to fall out more rapidly than thatin 61; and as it commences to fall, would produce a vacuum at 
6 , were It not that the pres of the air against the other end n or f fo’-c s the water np i 6, to supply 
the place of that which flows out at c. In this manner the fluw rontlnncH until tho surf of the water 


In the reservoir descends to (. on the same level as c. The pressures of the vert beads bo, bo, in the 
two legs 6e, 6(, being then equal, it oeases. 

The syphon principle may be employed for drainiuK ixmcls into lower ground 
at a considerable dist, even though an elevatnm of w'vorul feet (in prartice per- 
haps not exceeding about 28 ft above the level to whirh tlie pond is to be re- 
duced) may intervene. In such a case an ewrape must be provided at the 
sumnut (or summits, if there are more than one) of the Ijcnds, for the diach of 
free air, which will inevitably enter, and soon .stop the flow, unless tliis precau- 
tion be taken. The air-valve will not answer for thi.s, because as soon as the 
valve V opens, the syphon becomes in effect two .separate tubes oi^n at top; 
and the water will fall in both. An orifice at the escaiie will be n<»eded for fillinK 
the syphon at the start; and to prevent the water thus introduce<i, from run- 
ning out, stopcocks must be provided at the ends, and kept closed until the 
filling is completed. 

The greatest pains must be taken to make all the joints perfectly air-tight. 

The motiTe newer or head which eauses the flow in a syphon, is the 
yi^ diBt a 0 , from the surf of the reservoir, to the disch end c; or in other words, 
it is the diff, e o, between the theoretical lengths b » and 6 o, of the two legs. CoDr 


* Said pressure of the air is of course not exerted directly at o or »; but is 
tnuismitted to a through the water in the vessel; and tbenoe upward to • 
through the water in the syphon. 
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gf‘(jju*ntly, the farther r is below a the more rapid will be tii® flow ; and it is plain 
that as the surl yraduully sinks below .v, the less rap d will the flow become, ilav- 
iiif? this head, the entire length nbcoi the syphon, and its diam, all in ft. the 
disch may be lound approximately h\ cither of thcnilesgnen in Art 2 for straight 
pipes. These rules give galls jiermin, instead of gtiHs actually dischd 

by Col Crozei’-s syphon, with a head cif 20 ft. See below, 

111 a IriK* styphoii. uf/wy/o 1 ig U, ah- inshie, and nuinwff full, 

llie lalal hcHcf po i.s measured \ertieaMy irom the surlare m / in the reser- 
voir to the center of graMty ol the outlet' o, .is in Fig J, flio hydraulic 
);radi<‘ni (with the restriction m.med in Art 1 i) F, as before, a straight line 

A ra draw n from the foot x 
of the combined entry and 
; Aelocii' Jitads to the end 

.7j _iW velocity and 

■ 1 disi'hai ge are the same as 

they would be if al’ part.s 
of the pipe were brought 
below sro. But st'e cau- 
tions 1 and 2, below. 

The pressure at 
^ any point, q, n or y, is 
^ then given by a verticai 
line, (jv,in or 3 / 1 , drawn 
iroiM the point in question to.vco but for points, as n, --ituatetl abort ai o, this 
pn“''<iire i.i utanturor inuoni , while at point> where s t o and the jiipe are at the 
same level, as at t and e, there is neither prehsnre nor vaeuuiii 
t'antioii I, Hut if the water lie admitted to the empty pij>e at «, while the 
end ti is open, the pipe will not form a true svphoii 'I'he part agn will then run 
full, and will liave .-rr/i as its liydraulie graaient, but ii})on re.tchiiig at «, a 
{wirtioii no of the pipe with a iiuieh steejier grade, the water will run oil, in ho, 
with a voliKity gn'ater than that with which it arrives from on. Hence the 
stream in n o will have a les.s area of cross section than in a n, and therefore can- 
not fill no, but will run otf in it as in an open gutter. 

4 'antion 2. 'I he (emlciicy to vacuum at point.s above vro causes an accu- 
mulation, at n. of particles ol air that have been earriinl into the syphon by the 
Wilier <»r liave found tiieir way in through imiierlect joints, etc.; and these 
bring about a condition approaching that deserilwKl in ('aution 1; for their 
e\|>anHive force, by reducingtbe negative pressure or vacuum nr at n, diminishes 
the total head h i of the part agn, while, by practically reducing the cross-sec- 
tion of the syphon at n, they require that a fiortion of the remaining head be 
med at n, as entry head to overcome the resisttincc oaused by the contraction, 
and as velocity head to give tlie increase of velocity needed for pas.sing the nar- 
rowed section at n Now since the friction head required for the part agn re- 
mains about the same, the velocity he.ui in the reservoir is considerably dimiu- 
ished, and the water arrive.s at n too slowly to keep n o filled. The accumulation 
of air at n thus retards the flow and disturbs the distribution of the pres-sures, 
BO that these are no longer correctly indicated by vortical lines drawn to .t» o. 

At Bine Ridice Tnnnel, Virginia, Col. C. Crozet constructeti a drainage 
syphon 1792 ft long of east iron faucet pipes 3 ins bore, 9 ft long. Its summit was 
9 ft above the surface ol tlie water U* Im* drained ; and its discharge end waa 20 ft 
iielow said surface, thus giving it a head of 20 ft. At the summit fiyo ft from the 
inlet, was an ordinary cast iron wlivvesRel with a chamlK'r 3 ft high and 16 ins 
inner diam. In the stem connecting it with the syphon was a cut-off stoi^ 
cock t and at its top was an opening G ins diam, clostMl by an air tight screw lid. 
At each end of the syphon was a stopcock. To Mtart the flow these end 
cocks are closed, and the entire syphon and air-vessel are filled with water through 
the opening at top of air-vessel Thi.s ojicning is then closed airtight . and the two 
end cocks afterwards 0 |>eiusi; tlie eut-ofl'coek remaining oih’ti. The flow then 
begins, and theoretically it should continue without diminutiou, exce^ so 
far as the head diminishe.s by the lowering of thesurfju^e level of the pond, tint 
In practice with very long syphons this is not the case, for air begins at once 
u) ifisengage itself from the water, and to travel up the syphon to the summit, 
where it enters the air-vessel, and rising to the top of the chamber gradually 
drives out the water. If this is ulb*wt‘d to continue tne air would first fill tlie en- 
Mre chamber, and then the suuiinii of the syphon itself, where it would act as a 
wad completely stopping the flow. The water-level In the air chamber 
can be detected by the sound made by tapping agatest the outside with a hammer 
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To prevent this stoppaipe, the cut-off at the foot of the chamber ia 
closed oefore the water is all driven out; and the lid on top being removed the 
chamber is reiilled with water, the lid replaced, and the cut-off again open^. 
The flow in the meantime continues uninterrupted, but still gradually diminish- 
ing notwithntaudiug the refilling of the chamber; and after a number of rofill- 
ings it will cease altogether, and the whole operation must then be repeated by 
tilling the whole syphon and air chaniber with water as at the start 

At Col, Oozet’s syjihon at first owing to the porosity of the join I -can Iking, 
which was nothing but oakum and pitidi, air entered the pijies so rapidly as to 
drive all the water from the chamber and thus require it to be refillod every r> or 
10 minutes; but still in two hours the syuhon would run dry. The joints were 
then thoroughly reeaulked with lead, and protecteilby a covering of white and 
red lead made into a putty with Japan varnish and iioiled linseed oil, Kiit even 
then the chamber had to be refilled with water about every two liours; and after 
six hours the syphon ran dry. and the whole had to be refilled. In this way it 
continued to work. 

Care in making the joints air-tight, and an outside and inside coating of the 
pipes and ai^-ve^sel witli coal pitch \ariii>-h are importanl preiMiitions. 

Art. 2. Approximate formttlte for the veloeify ot water in 
straight, sniootli, cjlimlrical non pipts. as i o. i o, /«, Fig. 1. llaiing the total 
head p o, and the longtli and diameter of the pipe. 

Approx 1 cocrticient diam iii ft K total head in ft 

in ft per sec J as below \ total length in ll r o-l diiiins in tt 


Table of ooellieleniM “ in 


[ Dlain of pipe, 


IliRlli ot pipe, 


feet 

me lies 

III 

teci 

inches 

111 

0.1 

1 2 

2:5 

1.3 

18 

53 

02 

24 

m 

2.0 

24 

57 

03 


34 

2 3 

;50 

60 

0.4 

4 8 

:57 

.5.0 

;5f) 

62 

0.5 

6.0 

:59 

:5.3 

42 

64 

0,6 

1 7 2 

42 

4.0 

4K 

66 

07 

1 8.4 

44 

5.0 ; 

60 

68 

08 

9.6 

46 

60 

72 

70 

09 

10.8 

4" 

7.0 

81 

72 

1.0 

12 0 

48 

10.0 

12'» 

77 


For heads not less than 4 feet fier mile, this formula gnes results |iractically 
corresponding with those by Kulter’s formula (p. 52:5) with coefficient n of 
roughness •= 0.012. But slight differences, us to roughness, etc , may cause con- 
siderable variations of velocity, cspcciallv in sm.ili pijH‘s , foi, in such )U|h*s, a 
given roughness of siirlaic bears a greater [iiopnrlion to the whole area of surface 
than in a [upe of large diameter. Kxirciiie accuracy is not to lie expected in 
such matteis. 

As in a river the velocity half way a<Toss it, and at the surface, is usually 
greater than at the bottom and sides, .so in a pipi* tin* vidocity is greater at the 
center of ita cross section than at its (inuiiif. The nif^nn velocity 
referreii to lu our rules Is an assuimsl uniform one wliieli would give the same 
dischargf, that the actual ununiform r/iiedoes. 

Hence 

Dl»teharip« ^ IKean velocity ^ Area oferoHH Neetion 

in cub ft per see in It per sec of pipe iii sq ft. 


1 enbio foot =* 7,4f5b52 TT.S. gallons 
1 U. S, g^allon =* .I.TIGH cubic loot =■ 231 cubic inches. 


• For Inwrnujrtlate diameters, etc, take lutcrmediato coefflolents from the table ry simple pf® 
portlwu. 
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In the case of long pipes with low heads, the sum of the velocity and entry 
heads is frequently so small that it may l>e neglected. Where 

this is the case, or where their amount can be approximately ascertained, Hat- 
formula, although designed lor open channels, may be used. This 
formula is the joint production or two eminent Swiss engineers, E. (ianguillet 
and W 11 Kufter, but for convenience it is usually called by the name of the 
latter 

It i", properly speaking, a formula for finding the coefficient c in the well 
known formula, 


mean velocity = c i/mcan radius xTIope 

/diameter 
= C \ 4 

According to Kutter, 

For Fiig^llNli measure. 

.0U2S1 1.811 


X slope 


For inefrie meaHnre* 


41. G + • , 

„ slope n 

1 !- , “ 

y mean rad in /eei 

See also tableN of <•, j»p .‘jiiCetc. 


.<101 W 1 

slopt' 71 


1 +- 


■j/meaii rad in itu-tres 


The mean riuliiiH i> the quotient, in feet or in metres, obtained by divid- 
ing the area of wet ^•rns^ veciiou, m square feet or in square metres, hy the wet 
P riuieter (see helowi in leet t»r in metres In pipes running lull, orex’iictly half 
full, and in semicireulur open channels lunnirig full, it is equal to one-fourth of 
till* inner diameter. 


TIh* HCt perimeter is the sum, ab c o Kig p reJK, of ihe lengths, a t>, 
li (, f /, in leei or in metres, found l>y niea.siinng (at i ight •angles to the leugtli 
of tile ehanmh sueli paits of its sides and liotiom as aie in contact with the 
watei ill pipes tuunuig lull, it is of coiuse equal to the tuner ciicumlerenee. 

For the slc»pe, we have 

/nrtion head u' o Fig 1, 

^‘"**’*‘ ~ length of pipe: ' ' 

III open ehannelia. this heeoines 

Slope — water surface in any portion ol the length of the channel 

length of that portion ~ 

“= fall of water surface per unit of length of channel 
^ sineofthe angle formed between the sloping surface and the horizon. 

The niimher indicating tin- slope in any given ease is plainly the same for 
English, metric and all other measures. 


n lb a “ corflirioiit of ronff^hne^NN*’ of wet jicrimoter, and of coursa 
depends chielly upon the character ol the iiiiiei surluee of the piiie as related to 
Its size, a given ditt in rougliuess lesulting in a greater dilldf n in large than in 
Hmall pipes. 8 or iron pipes m good order and from 1 inch to 4 feet diameter n 
may be taken at f. om 0 010 to 0 012 ; the lower figures being used where t he iii^ 
is in exceptionally good condition. .Stie pp. 5f»4-5. ^ 


*See‘‘Flowof Water, "translate, I fromdanguillet and Kill tei, bvRmb/lph Herinir 

tnd John C. Irautwino, Jr., New \ ork. John Wilev A Souh, 1889. $4.uo. * 
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Curves and bends do not creatlv affect tlio disoharffc, so lonj? as tlie total 
heads, and total actual lenmhs of the pipes remain the same ; providtni the tops 
of all the curves be kept below the hydraulic grade line; and provision be made 
for the escape of air accumulating at the tops of tlie curves. 


Relation between area, ve1oeit>, and diNOhar^e. 

T.et 7 - rale of diseharge (as in < ubu- feet j>er second), 

1' - mean veloeily (as m lect per second 1, 
a -- area of ero.ss seidion (as in sipiare lee,t). 

Then : o = «r r ; r ; a 

a V 


Relation of dlschari^e to diameter* and slope. If we assume 
velocity -- c \' mean raditia X slope, or w - c. \'' r n. (page 5211); and if the pipe 
be of circulai cross section, we have, for the rate, Q, of diseliaige. thtoiigh a pipe 
of diametei, rf, ami urea, .4, of croga section, running tuU • — 

ltd' .. 


or; Q 18 projKirtunial to power (square root of fifth |>ower) of the diam- 

eter, and to the power (square rout) of the slot»e. For tables of fifth powers, 
and of square roots of fifth (>ow«rs, see pp 67-6'J 


EITeot of roMlNtaneeN. 


The preastare head of runuiug water, upon any point in a pipe between 
the orifice and the reservoir, is ; 

'♦Kai.....,i the head consumed 

«! thA in overcoming re- 

vS at ^ in the pipe 

t. that point 


( the total ] 

‘ ■< head on > minus 
(.that point j 


head 


between the reservoir 
and the |K>int. 


Thus, at the point 6, in the pipe, lo, Fig 1, the pressure head is A — (3 6) = (1 6) 
— [(1 2) + (2 3)] ; where (1 2) = i * -- the sum of the velocitv and entry heads 
At 4, in the pipe r o, h -= (3 4) (1 4) - [(1 2) 4- (2 3)]. 

In Fig 1, let the straight line, s o, represent the actual length of the pipe, 
whether straight, bent or curved, etc.; and s v the sum of the resistancee 
(■upposed to be uniformly distributed) within the pipe Then, the angle, t o t>, 
is called the hydraulic gradient, and sine s ov = sr— s o 
In the vertical jilpe, i» o. Fig 1 A, the pressure, at 7, is - p d 


* Diameter =* 4 X n»«an radius, or d - 4r ()> 524). 
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TABLE OF WEIGHT OF WATER rONTAINED IN ONE 
FOOT LENGTH OF PIPEN OF IHFFERENT BORES. • 

(Original.) 

Wattr at maximum density, 62.4‘i.’> Ihs per cubic foot = 1 gram per cubic eenti* 
meter , eorroRponding to a temperature oi 4° Centigrade = H9.2° Fahrenheit. 
Weight ~ 0.n4047r)r)r)8 X s<|uare of liore in inches. 


Bure.'*' 

Water. 

Bore.* 

Water. 

Boie.^ 

Water. 

Bore.* 

Water. 

Ins. 

L1.H. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

1.' 

0.00,532(J 

0 

12.2.5712 

2,3 

1.80.1116 

62 

1308 788 


0.(121280 

0'.( 

i:;.299S.t 

24 

196.1139 

63 

1:4-5 1.:347 


0 047879 

01' 

14 .38.509 

2.5 

212.7972 

64 

1.594 588 


0.(l8.'ill9 

03’ 

1.5 .51292 

26 

230.161.5 

65 

14:58..509 


0 i: 12998 

7 

10 i;.S.3.40 

27 

248.2007 

66 

1483 112 


0 19ir»18 

"’'i 

17.VI02.5 

28 

200 9328 

67 

1.528 395 

0 20U677 

7Bi 

19 1.517.5 

21» 

280.3399 

08 

ir)74..359 

1 

0.34047(1 


20 4J9.'<1 

30 

300.4280 

09 

1021.004 


0.4.40914 

8 

21.79044 

31 

327 1970 

70 

1008:5.30 

iQ 

0. ill 190! 

8' 

23.17.502 

32 

.348,0470 

71 

i7io.:;37 


0.^437 12 

SB'; 

24 .59936 

33 

370.7779 

72 

176.5 025 


O.7(:()O70 


26 00760 

.34 

393 .5897 

73 

1814.394 

1% 

0..S990()S 

9 

27..578.52 

a5 

417.0820 

74 

1864.444 

l2^ 

1.042700 

91 1 

29.13194 

30 

441.2.503 

7,5 

191.5.175 

1% 

1 19098 1 


30 72792 

.37 

4601110 

76 

1906 .587 

2 

1 301902 


.32 30040 

.38 

491 6407 

77 

2018.680 


1..V17400 

lU 

.34 047.50 

39 

.517.8033 

78 

2071.453 

‘/’I 

1 72.:05S 

l(|i.; 

37 ,53743 

40 

.544 7009 

79 

2124 908 

1 

1 92049.5 

11 

41 197.54 

41 ! 

.572.3.394 

80 

2179.044 

2* 

2.127972 

uy 

4.5 02789 

42 

0lK).5989 

81 

2233 860 


2 .'W0089 

12 

49 0284S 

43 

029 .539:1 

82 

2289..3.5K 


2 .574840 

12’.^ 

.53 199.51 

44 

0.59,1007 

8.3 

2:44.5.536 


2.814243 

1.3 

,57 .540 57 

4.5 

689 40:50 

84 

: 2402.396 


3.004280 

mi 

62.0.5107 

40 

720.4403 

8,5 

24.59.936 


.3 324957 

14 

00.73321 

47 

7.52.110.5 

86 

2518.157 

s(? 

3., 59027.5 

W4 

71..58499 

48 

784.4,5.57 

87 

2577.060 

3% 

3 878229 

15 “ 

70 60700 

49 

817.4818 

88 

26:46.643 

3H 

1.170820 

15>.' 

81 7992.5 

.50 

.8.51.1889 

89 

2096.907 


4,474002 

10 ‘ 

87.10174 

51 

88.5 .5709 

90 

27.57.8,52 

3-% 

4.7879.38 

m/. 

92 69417 

,52 

920.64.59 

91 

2819.478 

3% 

.5.1124.53 

17 

98 39744 

.53 

9.5.;., 39.58 

92 

2881.785 

4 

5.447009 

17 >4 

104 27064 

.54 

992.8267 

9:^ 

2944.773 


6.149840 

18“ 

110 31408 

.V» 

! 1029 9:580 

94 

3008 G2 

' 

0.8916.30 

mi 

1 10 .52776 

.50 

118)7.7314 

95 

3072 792 

A<1 ^ 

7 081980 

19 

122 91108 

.57 

i 1100.20,51 

90 

31:47 .823 


,8.511889 

19’^ 

129 40583 

.58 

■ 1145.3.598 

97 

3203.5.3.5 

T i 

9.3843.58 

20 

13»‘i 19022 

.59 

' 11.85.1954 

98 

3209.927 

5‘,.; 

10 299380 

21 

150 14972 

00 

; 1225.7120 

99 

3337.001 


1 1.2.50973 

22 

m 7‘KH7 

01 

1200.9090 

llH) 

3404.756 


The weight of water in a given length (as one foot) of any pipe or other 
circular cvlinaer Is In proportion to the square of the bore or 

inner diameter. Hence the weight of water in 1 foot length of any cylinder of 
other diameter than those in the table can be found by multiplying that for a 1 
inch pipe,(*.:{4047r)5r).S, bv the square of the inner diameter of the given cylinder in 
inches. I bus, for a cylinder 120 inches diameter : diameter^ == 120» = 14400, and 
weight of water in 1 loot depth = U.34047 io58 X 14400 = 4902.848 lbs. Or, weight 
for 120 ins. dlain. = lOU X weight for 12 in8.diam. = 100 X 49.02848 = 4902.848 Iba 
Similarly, sVir = 0 191406, and 0.340475568 X- 0.191406 = 0.066169 lb. - 

weight in 1 foot of inch pipe. Here, also, = half of | '» hence, weight fot 
•jfj inch *= one-/o«f<A of weight for I inch — one-fourth of 0.260677 = 0,066169. 

Wel|;ht of one wqiiare inch of water 1 foot higrh, at 62.425 fin. 

per cubie fimt --- 62 425 v 144 -- 0.4:W507 lb. 


* Actual, See nominal and actual diameters, had note, p 526. 
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PlBe«*. Areas* Toiitents; Square roots of Diameters. Orlglaal. 

I) dlatnetpr* iu inrhes ; d -- dlsimotor in foot. 

A — cross section aroa in sq tt, _ cub ft in 1 ft longUi. 

For d, see p li21. Thus; let D = 17% ius = 1- 
Then <i>221) ^ 1 ft + 0.4792 ft = 1 4792 ft. Or. square V d. 


/> 


\ d 


J) 


.t 


\ d 


I) 


t 


d 


v* 0 0003409 
0.0005327 
Vs 0.0007670 
0.001044 
Va 0 001364 
Via 0 001726 
0.002131 
iViA 0.002578 
V4 0.003068 
13/, a 0 003601 
Vs 0 004176 
10/.. 0 004794 
1 0 005454 

Via 0 006157 
1 0 006903 

s'/,a 0 007691 
V, 0.008522 
Via 0.009396 
3/, 0,01031 

7, a 0.01127 
1/ 0 01227 

V;a 0 01332 
0 01440 
I'/ja 0 01553 
3/ 0 01670 

13/ 0 01792 

Vs 0.01918 
“Aa 0 02047 
0 02182 
Via 0.02320 
i/s 0 02463 
3/, a 0.02610 
1/. 0 02761 

»Aa 0.02917 
*/s 0.03077 

Via 0 03240 
Va 0.03409 
Via 0 03581 
Vs 0 03759 
17, A 0.03939 
»/, 0 04125 

’Via 0 0^.315 
Vs 0 04508 
'Via 0 04707 


’A 

V* 

Va 

V* 

V8 

‘A 

V- 


0 04909 
0.05327 
0 05761 
0.06^13 
0 06681 
0 07167 
0 07670 
0.08190 


0.144 
0.161 
0.177 
0.191 
0.204 
0.217 
0.228 
(1.239 
0 2.50 
0.260 
0.270 
0 280 
0 289 
0 298 
0.306 
0 315 
0 323 
0.3 31 
0.339 
0 346 
0 354 
0 3bl 
0 368 
0 375 
0.38 ’ 
0.389 
0.3''5 
0 402 
0 408 
0 415 
0 421 
0 427 
0 433 
0 439 
0 445 
0 451 
0.456 
0 462 
0 468 
0.473 
0.479 
0 484 
0 489 
0 495 
0 . 50 ') 
0 SlU 
0.52U 
0 530 
0 540 
0 550 
0 .559 
0.568 


4. 


% 


% 


5. 


% 


0.577 
0.586 
0 595 
0 604 
0 612' 
0 621 
0.629 
0 637 
0.645 
0 654 
0.6(.l 
0 669 
0 677 
0 685 


15 


16 


% 


17. 


18 


Va 


1 227 
1.268 
1.310 
1.353 
1.396 
1 440 
1.485 
1.530 
1 576 
1.623 
1 670 
1 718 
1 767 
1.867 


1118 
1.127 
1 137 
1 146 
1 155 
1 164 
1 173 
1 181 
1 1‘6) 
1 109 
1 208 
1 216 
1 225 
1 242 


% 


8 . 


9. 


0.08727 
0.09281 
0.09851 
0 1044 
0 1105 
0 1167 
0 1231 
0 1296 
0 1364 
0 1433 
0 1503 
0 1576 
0 1650 
0.1726 
0 1803 
0 1883 
0 1964 
0 2131 
0 2304 
0 2485 
0 2673 
0 2867 
0 3068 
0 3276 
0 3491 
0 3712 
0 3941 
0.4176 
0 4417 
0 4667 
0 4922 
0.5185 
0 ^-154 
0.5730 
0 6013 
0 6303 
0 6599 
0 6903 
0 7213 
0.7530 
0 7H'4 
(I 8185 
0 P522 
!. 8K06 
0 9218 

0 '*575 

0 9940 
l.OM 

1 

1 3'l8 

1 147 

,, - , .. 1 187 - 

•Caution. In the tables, pp .’52." and .".20, the diameters or 
are the actual ones, as mesured in Itub- )Vrou«ht iron ^ 
steam, gas and water pipes are commonly designated i)y 
or “nominal" diameter.s, w’hlVi are mere arbitrary j!j: 

smaller si'/es especially, the /b'^’-'-epaucles are serious. Tm^ 
pipe whose • nominal" inner diam is one (nihth inch hag an aotUf» 
inner dIam of full quarter Inch. See p tlOi. 


Va 

% 


10 


% 


n. 


12 


13 


% 


=14 


14. 


Vi 

% 


0 692 

19 


1 969 

1 258 

0 700 


i 

'2 074 

1 275 

0 707 

20. 

2 182 

1 291 

0 722 

'2 

2 292 

1 307 

0 7 16 

21. 

.1 405 

1 123 

0 7.=^0 

2 

2 521 

1 339 

n 764 

22 

2 640 

1 354 

0 777 


•2 

2 761 

1 369 

0 791 

23. 


2 88- 

1 384 

0 804 

2 

3 012 

1 399 

0.816 

24 

25 

3.142 

1 414 

0 829 


3 409 

1 443 

0 842 

26 


1 687 

1 472 

0.854 



3 976 

1 .500 

0 866 

28 


4 276 

1 528 

0 878 

29 


4 587 

1 555 

0.800 

30. 


4 9''9 

1 581 

0 991 

.u 


5 242 

1 607 

0 913 

32. 


5 585 

1 633 

0.9.14 

Yy. 


5.940 

1 6'8 

(1 935 

34 


6.305 

1 ()83 

0 046 

(5 


6 681 

1 708 

0 957 

t) 968 

36 

18 


7 06^ 
7.876 

1 732 
1 780 

0 979 

40 


8.727 

1 826 

u 900 

V. 


9 621 

1 871 

1 01)0 

44 


10 56 

1 915 

1 OK) 

48 

V 


12 57 

2 OOO 

1 02! 


1 5 90 

2 121 

1 031 

t)0 


19 (.4 

2 236 

1 1.41 

1 i - 1 

06 


23 76 

J ’ 



28 27 

2 449 

1 0(il 

78 


33 18 

2 550 

1 0:0 

84 


38 49 

2 646 

1 ' 80 

90. 


44 18 

2.7.39 

1 09. » 
1.000 

1 100 

96 


50.27 

2 828 
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Art. 3. Tlieor^r oi flow in loiiftr pipes and channels. 

Resislance to flow. Whuu one solid body moves over another, roost 
of its particles retain practicallj tlieir original relative places; but when 
watei flows, as in a pi]K; or channel, the roughnesses and irregularities, 
whjch exist in even the smoothest surfaces, disturb the current, the several 

S articles describing spiral or other paths not parallel to the general diiectioii of 
ow. Resistance to flow is believed to be due to such disturbances, rather than 
to friction proper, as we iindeistand it in solids See p 407, and ^ 194, p. 415 
In the absence of complete knowledge respecting the nature of these tlislurb- 
ances, we are forced to rely upon experiment iii determining the rnannet and 
extent of their influence upon the flow. 

91<*iin \'<*lo<*it.v : rate of dls<*hRr|,;:o. Figs A, R. In a piiic or 



chanitcl. owing to the distnihing influence of contact with the sides, the 
pariu'lcs (,r wiiit'i move in toiiiii.iis piths 'I'lic moan \olocity. tliiongli 
the entile cross *.ection at any jioini, is thiMpiotientobtainod hy (iividinc the laie 
ol dischaige by tiie aieaof ciosn '^ ecuoii At any jg'i^<*» point in a cross 
section, tll<* volO<*ity. as iceorded hv an> foim o| eiirrenl metei, is the com- 
ponent, paralh 1 to (he axis ot the pipe, ol ihe lutn.il \citieily of the panicles 
passing that point. Wc deal, at piescnt, only with t ases ol ‘‘Htoa»ly How." 
I. e , wliere the \eloeily, at each i»oint. lemains ctuisiant. 

'I'lio lolocitit**!. a*i iiKoasnrtMl at dillVrent pointoi in the 
er«»«*** Heetion of a jnpe nr channel, are generully least near the sides of pipes, 
and neai tin: sides and holtonisof ^-hannels 

In Fig A, Ihe longitudinal .section shows one of many series of velocity meaS' 
nieinents l») Mcssis Williams, Ilnhhell and Fcnkell ♦ on a ea-sl iron pipe, 16 in* 
diameter The tneasiireiiu nts were made, hy iiieans of tlie Pitot tube, on a ver- 
lii ,(1 diameter, such as \ \ in the cros-, section The horizontal distances of the 
se\ei!d points m the curve, «/» c, from the vertnail line, 1), rei>ri*sent, hy the 
scale below the fignr<’, the velocities at the seveial points in the diameter. In the 
( ross section, the se\ oral cnrvisl lines arc lines of equal vcl. 

Fig B sljows the results <)f meiisiireniciits of x'locitics in a cross si'ction of the 
Sudbury Conduit, iMasN.,! y feel wide, 3 feet deep. In the longitudinal section, 
the velocities, atdiflcu nt depths on Ihe lines A k ami R R of t lie cross sect iou, 
are (Hp]u<.ximatcly ) Imlicaled as in Fig A. In the eross section, the several 
curviHl lines me lim^s of equal velocity. The innermost one eorresiKUida to a 
velocity of d ft, per sei'ond ; the next, to 2.9 ft per second, and so on. 


•Trans. Am. Soc. Civ. Eiigrs., Vol. XLVII, jdate l.Y, i>. 66. 
fF. P. Stearns, Trans. Aro. Soc, C. E., Aug. 1883, Vol. XU, p. 324. 
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Formnlais for dlfloharfre, 9 , niicl mean Telority« v. In a giveo 

length. L, of a Btraight pipe or etiannel of nniform wet ctobb section. 
Reftrniig to Fig. C, let 



L — the given length ; 

;; = the wet perimeter, a h c 0 ; 

A = Lp ~ tlie area of the wetted vtirface , 
a = the cross section area of the liquid btreaui ; 

r ' ^ the mean nidins of its cross section : 

P 

d =- (Uarn of pipe: * 
g - tlie rate of discharge 

^ volume passing a given cross section, a, in unit time; 

r — ^ -- the mean velocity ; 
a 

= the velocity head ; 

m c, fj F ■— resist mu o i.ictois. as explaiiusl .iiid at lop of p .“.'Uh 

Ay = the resistance (or friction ”) head in the length, L; 

s = the slope. 


It is generally held that the resistances to flow are directly proportional to A 
and to some power (usually i.aken as e-'t) of v, and inver.Hely projMiriional to a. 
Or: 

t )2 1 . 7 ) t '2 L r f * 

Metion head. h/—m- ~ -m - ~ m - • and vi A/ , -5 * ' “ 

' a It r ' J. 1“ e* 

whence 




; and v 



V* 


Let c — ^ : f» = V . Then wc have the I’heKv formula 

Xj m 

veloeily, c c 1 / r J = c l' r - r . 

For “ Kutter’s fornuila,” giving values of c, p .ViJIi, and pp 664 to 674. For 
tables of c, hy Rutter's forniiila, sec pp. .“iGo to 570 

The r€M«iatancc, or roiifchiieha faef or, "uch as m, /, F or c, above, 
or in the llazen formula below, must lie selecUtl by judgment, or determined, 
M bv Rutter’s formula, pp. 523, 564, Ac, according to the known or assumed 
oonmtioD of the wetted surface. 

W«iNbRCh*N formula for friction bead, A^ * m L Vi/r, in feet and 
Bceonds. (o »» 32.2 ft j>er m- per s»si*.) 

Frietlon head h^ == [0.0144 + (0.017 / \ v)\ L / 2 (/ d. 

This formula is ba^?ed upon early experiments with smnll plpe.s. 
For pipes above say 20" cllara, modern practice shows greater friction 
heads for given vels. Compare Fig D, pp G29 a, 520 b. 


• In full seral-cJrciilar channels, and In full or half-full pipes, 4 r. 
f 8eo "Exponent hil ’ foriniilas, p 520. 
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Art. S a. “ EaiN»iieiitlal ” formnla».* C»r«ful itudy of experi- 
mentB upon large and small pipes and chanuels, under vurjing couditious, uidi< 
oates that the mean velocity depends, nut upon the square roots, or U.5 powers, of 
f and of i, but generally upon somewhat higher powers ; and tliat the inaccuracy, 
involved in taking 0.5 for the exponeuts in the Chezy formula, accounts for too 
wide variation of the Chezy e, with t and with s, for a given condition of inner 
surface of pipe or channel. 

Oardner fit. Williamei and Allen llazen adopt the formula: — 

v = w 0.001-°'^; 

the last factor, 0.001-o « =» 0.001“ * lOOO® ®* = 1.82, being Inserted In 
order to make their values of c^, in ordinary cases, moie nearly equal with the 
value.i of f ID the Chezy formula.f To facilitate the application of their formula, 
they furnish a *‘hydiaulic slide rule,** by means of which mean vels, and the 
losses of head dne to different vela in different pipes and channels, may be readily 
found. Their “ Hydraulic Tables, have been calculated in this way. 

Fie D, pp 529 a and h. Diagram of diwcharKeH, welocitles and 
bead'lossoN, in pipes and conduits, by Williams-Uazen formula, as above. 

Example. Given a 24" cast iron pipe, 2000 ft long, to carry 2,000,000 
gala/24 brs, after 40 yrs use carrying av soft unfilterd water. Keqd, the vel 
and the head-loss. 

Velocity. Starting at D, on lower scale (2,000,000 gal8/24 hrs) follow the 
vert line until It meets, at A’, the inclined did/rrf line for 24" pipe. The hor line, 
thru is', gives the reqd vel, 1 ft /sec. 

Head'loflN. On small diagram J (either page) find intersection, B, of 40~jr 
age line with curvd line for 24" pipe, giving rn- 80. Find mtersection, C] of line 
for ch« 80 with curvd line of main diagram for 24" pipe. Follow the direction of 
the tolxd inclined hues from C t<» the intersection, F, with the hor line for 
vel — 1 ft/sec. From F, follow the vert line to G, on the lower scale, giving the 
reqd head-loss, 0.4 ft/lOOO ft = 0.8 ft in the given length of 2000 ft. (And vice 
versa.) 

In diagram A, the curv markt oo applies to cases where the diam is not 
reduced by service, and to large p}{>es in genet al. 


Approximate values of Cat 
Pipes and conduits, rnnnlnff full; 


8 to 60 Inches diameter; 


Cast iron ; Ch 

Very liest. new, carefully coated 

and laid 140 

Good, new 130 to 120 

In fair condition 100 

Tiiberculatcd 80 to 4f 

Riveted steel ; 

New no 

Ten years old 100 


Over 60 Inches diameter; 

Iron, masonry, etc. Cg 

Extremely smooth and straight, 140 

Very .'•luooih 180 

Goo<l iui.soiiry 120 

Brick sewerx 100 

Rough 90 

Very rough 80 

Tile sewers ; 

4 to 86 ius diaiu 110 


Open channels. (For a giveu character of surface, and given wet periiu- 
•ter, c^, like c in the Chezy formula, is max for max area ol cioss aection.) 


Sudbury conduit, 8 ft wide, Ch Rough masonry, 4 ft wide, Cg 

1 to 5 ft deep 130 to 140 1 ft deep 65 to 75 

Smooth rood 110 to 140 Grave’ 50 to 80 

Unplaned plank 100 to 120 Earth, very rough 65 to 75 


Good Masonry 80 to 120 With mud, griuss and weeds...35 to 70 


* Formulas in which the exponents are other than 0.5 have been called “expo- 
nential,” in order to distinguish them from those where the exponent is 0.5 ; out 
these last are, of course, no less “exponential." 

fThe values of c, given hy the Kutter formula and in oiir tables, pp. 566, etc., 
contain the correction necessitated by the fact that the velocity is not strictly 
proportionate to the square roots of r and of a. 

J Hydraulic Tables. John Wiley A Sons, New York 
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duits, by Williarn- 8 -Hazen Formula; V =Ch r®-®* 0.001 

icfeet per second 


N « 


n sssss 
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Friction flnctor. I^t 

/ - 2ffm » « 2<7. F « 4/* = 2<7. 


F or / ia u^oially called the friction factor, ft expresses the relation 
(deierniined by the condition of the wetted aurlaceof the pipe or channel) between 
velocity and diiueuaions, on the one hand, and the resistance to tlow on Ihu 
•tber. Thus 


A/ 




4 / 


T. 
4 1 






ValncH of friction factor, F, for Iron |>lpc. See page 531. 


VelorltteH in feet per sevond 



Example of nae of dianam. Given a C inch pipe, in fair condition. 
In the column, on the right, heaaed “ Fair,” find diam, 6 ins. Foliowing to the 
left the direction of the sliort inciined line, preferably bv lueaim of a rule or 
straight-edge of paiier, we find that it ooincldes nearly with one of the inciined 
lines which cross tne dlagrani. By means of the intersections of tliis line with 
the others, wc find that, for the pijie in question, a velocity of 6 ft per sec corre- 
sponds approximately with F = 0.035; 0 5 ft jar «<-c, F =» 0.048, etc., etc. 


♦ "Old,” "fair,” and “new” corrc'^poiid appioximatcly willi values of 
Kutter’s ()t. 564) as follows: 


Diameter.. 

1 3 inch 

6 inch 

12 inch 

60 inch 

120 incli 

Slope, in ft 








per 1000 ft 

10.0 1.0 

10 0 1.0 

10 00 

04 

10 00 o<r. 

I 0(H) 

0.02.5 


n n 

n n 

n 

n 

II II 

n 

II 

Old 

0.012 0.013 

0 014 0 014 

0 U1.5 

O.OIC. 

0.018 0.020 

0.019 

0.021 

Fair.„ 

0 011 0.011 

0.012 0 012 

0.01.3 

0 011 

0 014 0.015 

0.01.5 

0.017 

New 

0.010 0.010 

0010 0.010 

o.on 

0.012 

0.012 0.013 

0.013 

0.014 


• lliia applies where d — 4 r. In pipes running full or lialf-full, and in semi* 
circular channels run rung tnil, d - 4 7’. 
fISee Mexdiaiiich of Kngjneeriiig, by I 1’ (’hiirch, 1890, p. 714, Eq. (8). 

{See llydiaulies, liy Maiisfiehi Mcrriiuan, 1905, p. 2^. Eq. (^). 
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Art. 4. To find the dlMcliarire, q, throuiph a lon^;- eon- 
pound pipe, or pipe of varyiug diameter, lug. 1 U. 



Ail kt ♦■tc. ~ the lc‘ln^lh.^ of tho several pf)rtiou» of the pipe ; 

</j, dfl, (/(, ett - the conespondiiig dmnieleis ; 

h. ’’■•'i ’ ‘‘'o. = the corre.'jionding velocith's ; 

*‘ii ^'lii ' If -- the coireNpnnding values of the resis-tanee or “friction” 

factoi. .'H-e i». aW. 

li - < 1, t- hi r ofe. = the total length of the jujie ; 

11 - the toial liead (ji. 516) ; 

7 tate of dischatge ~ ''u — 


In a long pipe, the velocity and entry heads aie tiMtally negligible, relatively 
to the friction head. Megleoting them, we have 
n « total iioad =-= friction head. 


In each portioji of the pipe, the resistance, and the corresponding “friction” 
h.'ad, hf, are helie\cd to he proportionai diicctly to the length, I, of such portion, 

and to the ■u'locity head, ' , and invciselv to the diameter, d : or 


ileiice, 


h 


F 


1 . r = 
d 2 ff' 


and, Since r-j 
we have, also. 


H 


+ K>."’ 4. F '■ '» 4. 
47 ^ U . 

»’i> -- a, ''to., 

7rd w d 


2 p 7i 


f,'i.-"L£ + 

dt JT- d, </.. ir- d* 


n- V 


’ + e.o 


) 


whence 


/ 2.v H 

V \Fj^^ +€ 


39 
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Art. 4 a.* The Venturi Meter is designed for the raensurement 
of the flow of liquids in pipes of large dimensions, running full. 

The meter proper, patented by (Memeiis llersehel, consists es- 
sentially of a mere constriction in the area of cross-section of the 
pipe, with openings in the pipe opposite its normal and its con- 
stricted diameters, for measuring, by pieMuneiers or jtressurc- 
gauges, the lUM'ssures at 1h«>se i)oiuts . while the register is an 
elaborate mcclianism, providi'd with clock-woik and dials. 

Theory.t Let Figs. 1 to 3 
represent a Venturi meter tube, 

■with three piezometers in place, 

VIZ ; No 1, over the tube up-stream 
from the constiiotion ; No 2, o\er 
the constriction Itself , and No 3, 
over the tulie down-stream from 
the constriction Let theunsh.ided 
area H'in Figs i to H, repiesent 
the depths at which the watei 
Blands above any assumed hon- 
zontal datum plane O 0, and let 
the shaded area A represent the 
uniform pressure of the atmos 
phere, which, for oon\enieuce. we 
may suppose to be comerted into some liquid of the specific gra\ity of water, 
but distinguishable, by its appearance, from the water 

The vertical distance, between tlie upper Itouiidarj of this latter aiea and 
any given point lu the tube, represents the combined piessure of air and water 
at such point 

The velocities in the meter tube at any instant, are of necessity inversely 
proportional to the areas ol cross seciion, and. as the hi'ads corresponding to 
the several velocities are pioportional to llie >>(juares of tliose velocities, the 
remaining or pnssurc beads must vary also, the smallest or lowest pressure 
head standing over the throat, where the velocity is grcate.st 

The increase of ^elocitv, ac- 
quired by the lluid in jiasemg 
from section 1 tosectn»n2, isagain 
gnen up iii passing fioiii section 
2 to sedion . and. in the ease of 
a ptifect fluid the pressuic lost 
l>etweefi soetions l and 2 woul i be 
j>erleetly restored in passing tioru 
section 2 to sect ion .H. in firaetice, 
a small total htss occurs This loss 
is gre.itci w iih liigli tlian w i:h low 
velocities, 

I'oragnen head in piezometer 
No ! and given diametei of pifie 
at seetion 1, ilm exjuMiditure of 
head in veloritv between sections 
1 and 2 increases as the area of the tlii<,at is dimimsbed ':iiid ri' thetliioal 
velocity is tliereby increased.^ In I'lg. 2 is shown the ease where all of the 
water head above the top oi the throat is requited to maintain the velocity 
through the throat. 

In Figs 1 and 2 the head, If, expended m the imrease .if veloeitv betWM-n 
aectioms 1 and 2 is represented hy the ditlerenec in level hetween the b>ps of the 
two water col uinn.s 1 and 2, or between liie tips of tlie two conesponding air 
columns. In Fig. 2 this difference is equal t»» the mOi/ vertical height of tlie 
water column at section 1 aliove the top of the tiiroat at section 2 

* Abridged from a description pref.ared by tie- writ^cr as Chairman of a Com- 
mittee of the franklin Institute. Juuma] of the Fiankhn Institute, Febniarv 
1H99, 

t The Venturi meter, apart from its merits as a measuring device, embodies 
important hydraulic principles Hence its theory i.s beic slated more fullv than 
would otherwise be netessaiy 

t In a given Venturi tuiie the pressure ami velocity at the throat may Ite 
varied also by modifying those at sectons 1 and 't, as by regulating the openings 
of the valves of influx to and of ettlux from the meter tube, by changing the 
total head on the system, etc 



Fni 1 





WATER-PIPES. 


53a 


If now (Fig. 3) the throat sec- 
tion be still further reduced Fro. 3. 

(the other conditions remain- 
ing as befoie) the throat veloe- 12 5 

ity will tliereby be still further 
increji>ed , for t he (olat pressure 
available (or inc rease ol vehtc- 
it \ bet ween sect ion.s 1 and 2<-on- 
sist.s not merely in the depth of 
iiiifi ‘1 abo\e the tube, but also h 
in It.e <ittn<is)ih^i If pressure, Tvp L 
lesenied by the shaded area .1 
above the water 11’ 

In I'lg 3 all the water has dis- 
appear'd from fiiezometei '2, and 
e\c‘u a portion o( the hijnid 
lepresenting the air has also 
disappeared, lea\ iiig only a portion of the latter to lepresent such pressure as 
now remains in the throat In other words, the pressure within the throat is 
now less than the atmo.spheric pre.soiiie 
In I'lg 3, the loss of hc'ad, due to inc'iea.se of lelocity between sections 1 and 2, 
IS H — hw 4 tta - the entire available head of watei, )>»•, plus a portion, ha, of the 
atmospheric pressure The latter portmn, ha, is fi'’<juently called “the 
\aeimm ’’ 

1 ho top of the wafer column having now' disappeared below the top of the 
throai, It is no longer leasihle to a.scertain the loss of head by taking the differ- 
ence bttweeii the levels of the water surtaec.s in pi<*zotueter.s l and 2. The 

degree of ‘ vacuum” may he 
Fin. 4. found, as .shown in I'ig 4, by 

using, 111 place of the piezometers, 
a glass tube bent over and led 
(iou'Hwaid into an open vessel con- 
taining water or mercury. The 
height to w hicli the water (or the 
mercury, converted into feet of 
water* Vise*' in this tube, shows 
the extent of the vacuum, or the 
portion, h'\ of the air pressure 
which has been called into service 
HI pnaiuciiig the high velocity 
through the throat. Py adding 
this to //«., we obtain, as above, 
Q— . Q loss of head II between 

sections 1 and 2 

When the rc'diiolion of area at the throat has proceeded so far that the entire 
availatile jircs.^ure ol walci and air at .section 1 is iccpiircd, in order to main* 

Fm. .-) 





tain the corresponding velocity through the throat (t when the line repre* 
•enting the upper surface of the air falls to the level of the top of the throat). 
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no further increase of throat velocity can be secured (with a given total head 
over section 1) by still further narrowing the throat. If the throat is further 
narrowed, the velocity through it w'ill remain the same; and, the rate of dis- 
charge being thus diniinished, the velocity through section 1 will be neces- 
sarily reduced. In other words, throttling begins 
l.et I’l he the velocity in section I. above the throat, and r? the “throat veloc- 
ity," or velocity in the throat or section 2. 

Neglecting re'>i>‘tnii(‘+*‘!, Fig. o, the velocity head at section 1, uiea^iiiicd from an 
as-'Uiiied datum leprescuu-d by the upper horizontal line'-, is 



and that at section 2 is 






Neglecting lesistances to flow, the loss of head, between sections 1 and 2, 
or “the head on the \enturi,” is equal to the increase in the velocity head, or 
to the loss iu pressure, between and Oj, or 


i/ = Aj - 


2g 


t-i* 

2g 



Pi —Pa* 


Hence. = + 

and throat welority = r , - V'-iTliF 4 - a’) - ( // -( ) • 

In other words, the velocity at the throat is that corresponding to the ‘‘ bead 
H on the Venturi," plus the head corresponding to the velocity of approach I'l 
in section 1. 


But, since the velocities are inversely a.s the aieas of cross-section and n.j, 










2 





and throat velocity = // 

Kfli* — Oj* ^ 


The ratio 


Oi, 


between the area u, of cross-section at the throat, and tliat, at the upper end 
of the up-stream cone, is called the throat ratio. For a ratio of i : 9 we have 


— - » 9 m 

I'V-Oja F92-12 »^80 " Vao ~ 

or «2 = 


The TentnrI tube, for pipes not over 60 inches in diameter, is formed of 
•everal short sections of oast iron pipe, having the required taper, and fur- 


* By Bernouilli’s theorem, pj -|- Aj -» p, -p A,, 
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nished with flanges, by means of which the sections are bolted together to toitd 
the two tnincaied cones lequired 

III the sniiiller sizes, the sliurter cone is generally in one section and the 
longer none in two or luore sections. 

The throat section is genetallv made in a separate piece, and is either made 
of bronze or lined with that metal. 

The ends of tlie Venturi tube are furuisloHl with either bell, spigot, or flanged 
ends, accoiding to the cliaracter of the pipe in which the tube Is to be used. 

For larffor MtmtinH, such as those in masonry conduits or riveted 
flume-, the Venturi tube may be made of wooilen staves, sheet steel, cement 
concrete, brick or oilier suitable material, metal being used for the throat piece 
and where required liy the pressure. 

The throat piece is surrounded by an sinnular chambei called the preHS- 
lire ehuinber. which eommunieates with the interiorof the throat by means 
of several boles drilled radially through the walls of the latter at equal or 
nearly eipial distances around the circumfcieiice. 

A siiiiilar pressiite chamlier is provided at the laiger end of the short cone for 
observing the pressure in the normal section up-stream from the thioat; and, 
if It is desip,‘d uiiMcertain the hnul loss of head due to the pa.ssage of the water 
through the Venturi, a similar chamber must be provided at the larger end of 
the longer or dowu'.stream cone. 

Ill (loHitrnatin^ the aizeof the meter, the diameter of the pipe of which 
it forma a part is used, and not the throat diameter. Thus, a meter for use in a 
fi-inch pipe is called a H-inch meter. 

The reffisler gives periodic registration*^, usually every ten minutes, in 
which the head // ■ /<«— Ai, exi.sting at the instant of registry, is recorded in 
terms of the total discharge in cubic feet since the last registry and as an in- 
crease in the total numlter of cubic tt-et registered. In other words, the registry 
involves the a.H8umption that the average velocity, during the period between two 
registrations, is equal to the velocitvat the instant of the following registration. 

The register may be placed at a considerable distance (not exceeding, say, 500 
feet) from the Venturi tube It must lie placed at such a depth below the 
hydraulic grade lute that the pressures existing in the Venturi tube shall at all 
tunes be tratisiuitted to the register 

Tiie pipe lines, connecting the Venturi with th** register, must l>e covered, and 
a shelter from weather and frost must lie provided for the register 
The sire and co.st of the register are independent of the size of the Venturi. 
Behavior, hrom experiments by Mr. lierschel.'f^ by the Bureau of 
Water, Philadelphia, + aud by othcrs,t it appears that the Venturi meter may ordi- 
narily be depended upon to give results within ;t per cent of the true discharge 
With a 4.S inch Venturi, Mr Hersi lml ^ found a total loioi of head, due to 
the passage of the water through the Venturi tube, of aboutlO.6 per cent, of the 
head H on the Vcntun. With two .>4 inch Venturis, I’rofessorsAIarx, Wing, and 
Hoskins §t found a 1os.h of 14.9 per c nf , part of which, no doubt, was due to 
the presence of a 42 inch gate valve in the down-stream rone. This last result 
would add about 1.12 feet to the head required in pumping 20,00(),(XH) gallons 
daily through a 4S inch main and a Venturi having a thioat ratio of 1 :9. 

The Venturi meter has been found to give pvriectly satisfactory results in 
measuring the flow ol brine and very hot water 

Venturi tubes are iiiado w'ith ihroat ratios ranging from l:4t (or2:9ito 
1: 16. The former are adapted to high, and the latter to low* velocities; for, 
where the velocity in the pipe is low, it is necessary to accelerate it greatly in 
the throat in order to obtain sutliciciit lo.'-s of pressure to secure reliable in- 
dication*! in the register. These cannot be obiaiued where the throat velocity 
is less than about feet p«‘r second. With a throat ratio of 1 : 16, this would 
give a pipe velocity of pg tool per second. On tlie other liund, a meter with 
a high throat ratio, adapted to low velocities, vvoiild,vv ith high velocities, exce^ 
the upper limit of the register. 

Owing to its unobstructed channel, free from moving parts, the Venturi 
meter is far less liable to clogging than the form.s of meter in common use. 

The of the principal 8ize.s of the V» iituri meter areas follows;— on 

board cars at f'rovidence, It. 1. 

6 inch »660.(M) 24 inch $1,1SO.O(1 48 inch S3,060.00 

12 inch 770 (X) 8(’ inch 1,680,00 60 inch 4,890 00 

These prices include the regi .icr, which, in the smaller sizes, constitutes the 
principal item of cost, discount, 1901, 10 per cent. 

• Trans. Am'. Soc. Civ il Kugrs., Nov., 1887, Vol. XVIL, page 228. 

t Journal of the Franklin Institute. Feb, 1899. 
t Journal New Kngland Waterworks Assn.. Vol. VUI., No. 1, Sep., 1893. 
i Trans, Am. Soo. Civil F-ngrs , Vol XL , l)ec.. 1898. t»n. 471 
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Art. 4 b. The Ferriff-Pit4»t meter, invented and patented by Mr 
Walter Ferris, of Philadelphia, is designed to measure the flow of liquids in 
pipes running full. It consists of a device for the registration of the results 
obtained by the Pitot tube, described on pagesflfll and 662, and of special devices 
to prevent the clogging of the tubes and to permit their examination while 
lu use. 

In Fig. 6 let P represent the level at which the water stand" in the straight 
Pitot tube, 4. Then h ki-, or the ditlereiice m level 
between tlie columns in the two tubes, is the head Fio. 6. 

^theoretically - velocity of the water 

in the pipe as it impinges against the open uji stream 
end of the bent tube, c l or a given velocii.v, r, thus 
dirterence, A, is constant, and i.s independent of the 
pressure repiesented by J\ 

The Ferris register, like that of the Venturi meter, 
records the velocity (existing at the instant of registra- 
tion) in terms ol the total discharge .sinee the last regis- 
try and as an increase in the total number of cubic ieet 
registered. The registrv tints involves the assumption 
that the averaue veloeitv, during the jienod between 
registrations, is equal t<» the velocity at the end of that 
period In the Ferns meter the legistratiou is made 
every two minutes. 

Evidently the instrument measures the velocity at 
only one point in the cross-section ol the pipe, and it may thus be used to de- 
termine successively the velocities at anv number of such points, but the ve- 
locity at such a point may or may not be equal to the mean velocity in the entire 
cross-section. The instrument is therefore usnaily calibrated by reference to 
some accepted standard, ami the coefln icnt or coetficicnts thus obtained are 
used in sidisequent obscrv ation.s. 

The recording uieciiaiiisui is operated by a small bvdraulic motor, driven by- 
means of the flow of the water in the pipe itsell tor this purpose a second 
pair of Pitot tubes, is in.serted into the pipe, ami the current, flowing through 
these tubes, drives tlie motor without loss of water, the water used for power 
being returned to the pifie. If the velocity in the pipe is b ss than !! feet per 
second it must be increased by means of a " reducer ” 

Experiments made by Mr. I erris and by the Bureau of Water, Philadelphia, 
indicate that the Fern's-Pitoi meter will ordinarily register within percent 
of the true discharge. 

In general, the size and cost of the registering apparatus are inde}>endeiit of 
the size of the pipe. 
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Art. 5. Re»iHtance of curves and bends In water pipes. 

Much uncertainty pxiKts respecting these matters. Welsbach’s 
formulii,'*' for the resistance due t<> a circular curve, Figs. 2 and 3, is 

(k) 

b = hea(l in fe(‘l required to overcome resistanev due to curve or 
bt'iid, 

C = experinu ntal coefficient, 

A = ;]ngle of dcflecfion, in degrees, 

vrrmean velocity of flow in pipe, in feet per second, 

(7 — acceleration of gravity — 32.2 fl per sec per sec, 
i'V“ — head theondically due to velocity v, 

D= inside dianu'ter of pipe, in feet, 
r= inside radius of pi[)e, in fevt, 

B = radius of axis of curve. In feet, 

IfrH-R= 0.1 0.2 03 04 0.5 0.6 0.7 0.8 ^9 LO 

then C= 0.131 0.138 0.158 0.2u6 0.294 0.440 0.661 0.977 L408 1.978 



Fifs^. 2. FIsr. 4. 


(See next page.) 

According to this formula, the resisfance due to curvature decreases rapidly 
as K iricrea.ses from U)2 D; and but little further decrease occurs beyond 
R — 5 I) ; but, from very careful and elaborate experiments on city water mains, 
from 12 to 30 ina diameter, in Detroit, Mich.,f the investigators conclude that a 
line of pipe with a curve of short ladius R (down to a limit of R = 2^ D) causes 

less re.s]siauce than doe.s a line of equal length and equal total angle A, with » 

curve of longer radius R. Their results were approximately as follows, where 
H =3 resistance due to a section of 80 diameters in length, with a curve of 
A = 90° at mid-length, 

A =» resistance in a tangent of length = 80 diameters. 

If R -H D = 1 2 2.5 3 4 5 10 15 20 25 

then H A = 1.35 1.14 1.13 1.14 1.18 1.2t 1.50 1.66 1.80 1.93 

They fouud also that the of head, due to a curve, occurs not only 
in the curve ItNelf, but that head continues to be lost in the following 
tangent, for some distance down Htream from the curve. 

Their experiments led to the inferenoe that even very .<«Iiffht deflections^ 
A, in the line, causie material lossesi of head, ami that care in securing 
a straight alignment is therefor*' highly advisable. For bendst, see next page. 

♦Der lugenieiir, pp. 444, 445. 

t Paper by Gardner S. Williams, Clarence W. Hubhell, and George H. Fenkel^ 
Xrahsactions, American Society of Civil Engineers, Vol. XLVII, April, 1902. 
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For albrtipt anipleii, Fig. 4, Weisbach gives : Resistance, in feet of bead -■ 


A =. c ^ (0.95 siu2 ^ A + 2.05 8in< A) ~'~ 

2g ^ /a ' /z / 2 ^ 

If A - 10° 200 300 40® 450 50° 55° 60° 65° 

thenc >=0.03 0.14 0.3C 0.74 0.98 1.2G 1.56 1.86 2.16 


700 

2.43 



File. t. 


In addition to the reulstance offered to flow, carves and i>end« in* 
Tolve additional labor and expense in luannfactnre and in laying; and vertical 
bends and curves lead to the formation of pockets of sediment at the feet ot 
dopes, and of air cushions at their summits. 



Art. 6. Although, lu Fig. 5, the static pre.ssures upon tiie equal bases, a b 
and of I/, of the two pipes are equal (see llydro.siatic.H, Art. 1) ; yet, in order to 
pump water throtigb either pipe, at a given velocity, an additional force is 
required, in order to overooiue resistances to flow , and these resistances and the 
additioDsd force required in order to overcome them, will be greater in the longer 
than in the shorter pipe. 
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Art. 7. Flow throaffh orifices. Theoretically the relocity, v, of a • 
fluid, flowing through a Kiuall orifice in the side or bottom of a very large veBse4 
is equal to that acquired by a b«>dy fulling freely in vacuo through a height 
equiu,to the head, h, or deF>th, measured vertically from the level surface of the 
fluid III the vessel, to the center of gravity of the orifice; or, 


and 


• ». y^2gh — |/ 64.4 A — 8.03 



64.4 


0.0155 V* 


This law applies equally to all fluids. Thus, theoretically, mer- 
cury, water, air, etc., all flow with equal velocities from a given orifice under a 
given bead. 

For dewiations in practice from this theoretical law, see Art. 9, etc. 


Table 10. 

Veloeities theoretically due to grlven beads. 
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Art 8. Flow, into air, thrn short toben, Fij;. 0. Length, L, = 
n' t orn e, of tube, < 2.,^ to 3 times its leant transverse dimension, d. Head, h. 
constant and > half hight of tube. 

Let 7' - mean velocity thru tube; 
p = acceleration of gravity _ 

= 32.2 ft per sec per sec; (\'^2 fl -- 8); 

= 9.81 meters pi'r sec per sec; t\ 2 ff - 4 43) , 
h = head, n s. from grav center of tube cro.«.s section to water surface; 

L = lengtli, n-’ i or n e, of tube; 

d = least transverse dimension of tube; 

a = tube cross section area, , 

Q ~ discharge rate thru tube; 
c - an experimental coefficient. 



Fig. 0. 


Then, if the flow fills the tube ("full flow" or ' full bore”), we have, 
V =* c\/2 g h ; q =■ v a - c a\ 2 g h. 

Ltd < 1.5 = 2.5 to 3 4 0 1(» U 20 40 60 100 

c, approx - 0.61 = 0.81 0.80 0.76 0.74 0.71 0.69 0.62 0.57 0.48 

If the ontflonin^ Mtream fails to fill the lube eross aee< 
tion, the coeff, c, is greatly reduced. This iiia> be obvisited by temr>orarily 
closing the outlet from the tube, thus backing up tlie water and compelling it 
to fill the tube. Then, when the outlet is opened, the air pressure, on the outer 
end of the outflowing stream, ma\ be expected to keep the .stream m contact 
with the inner tube surface. The .sides of the tube should be free from greasineHs, 
If « m be a channel cconh Ncctlon, the vel ami disch thru the short 
tube, n' i or n e, are not aflecfeil by the floa' of tlie water in the channel, 
8 m, provided the head, h = n x, be maintained eonaiant. 

The flow may be fncrea««<Mi nearly to the theoretical value 
{v = \/2 g 01 c = 1) by neatly roundinit offthe edKCti of the entrance 
end or mouth of the tube, as in Fig. 7, which represents, half-size, one with whicii 
Weisbach obtained c 0.97.5 when /i = lU ft, and c =» 0.958 wmeu A - 1 ft 
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At much u 9? to .94 may be obtained by widening the opening, m n, toward ita outer mouth, oi. 
Fig, 8, iiiakioK the divergence, or angle a. abont 5° . or by widening it toward ita inner mouth, aa k 
( c. Fig 9 , but increaaing the angle of divergence, at b, to from Mt' to 16®. in all casea, we consider 
the luiall end aa being the opening whose areamu<>l be multiplied bi the vcl to get the discharge. 

In HOine «>xperimeiit(i made with larire pyramidal wooden 
troHichM y.6 ft loiip, with an inner luoutli of .‘1.2 X It, and a discharging one 
of .62 X 44 ft ; and under a head of 9>j feet, the discharge was .98 of the theoretical one. due to the 
smaller end. 

Rem 5. With au adjutage Hhano<l a.<i in Kig 10, about 9 ins long; diams, m n 
1 iiicb, and h c -- l.« in.s, Venturi and Eytelwein obtained a discharg* 
- a \/‘2 y h ; wliere n = the smaller cro8.s section area at in n, and A er 
distance liom to fiet* water suilace. 


n 
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Art. 9. On the diwch of water throniph openinicrsi In thin 
vert partitions, with plane or flat fares, r ^ or n «. Fig 11.* If the 

linv f f. or M », instead of being plane, and vert, should be cufred. 
or iiicliinng in diflT direolious toward the opening then the dlsch 
will lie altered W hen water Hows fninj a le'.orioir, t'lg II. through 
H vert plane plate or partition ii n, which is not thicker than about 
the least trails vereedimension of the opening, whet her thatdiiiieneion 
be Im breadth, or Us beiglM o o , 1 or w hen. If the pariiiiou e « iUelf 
la much thicker, we give the ojieiiiug the shape shown at b, (which 
evidenth aiiiounts to the same thing ) then the elHiieut stream will 
not pass out with a /uU flow as m Fig 6 but will assume the shupe 
shown In I’lg 11. forming, jun, o«i..ide of the opening, what is 
called the vt-na contrai'ta. or conirutifd rein. In order that this 
coiifraciioii may lake ploct* to its fullest extent, or become complete, 
the Inner sharp edgea of the opening must not approach either the 
surf of the water, or the bottom or sides of the reservoir, nearer 
than about I times the least transverse dimension of the opening. 
The conlracied vein occurs at a dist of about half the smallest di- 
mension of the orifice, fiom the orifice itself. In a circular orifloc. 
at about half the diam dist : and ordiiiarilv ita area is about 62 or nearlv % that of the orifice iiselt 
At this point the actual mean vel of the siroam la verv nearly (about 97) the theoretical vel given bf 
Tublo 10, ani henoe the actuiil ditcht arc but .62, or nearly % of the theoretical ones. 

fine 1. To And the actnal dlsrh into alr.t thron^lt olthor m 
firrnlar or rectilinear^ oprnine vert plane pnrtl- 



FI».1L 



Tic-n. 


• We believe that these rules for thin plate are also sufBcientlv approximate 
for most practical purposes, If the opening be in the bntiom of the reservoir; 
or in an mclinrd. instead of a vurt side. 

t When the side of a reservoir, or the edge of a plank, Ac. ever which water 
Mows, has no greater thickness than this, the water is said to flow thiwngh, 
or over, thin plate, or thin partition. 

f Rhoiild the diseh take place vndrr wat»r, as in Fig 12, (olh imrf-UMtt re- 
maining i-omtant. then the head to he iis^ Is the eert d iff mo. of ac twe 
levels After making the oalciilatinn with this head, we should, acoordlng to 
Weisbach, dednot the ^ part; inasmuch as he stattss that the disch Is that 
much less when under water, than when it takes place freely into the air. 
Other exfterl meiiters, however, assert that it Is precisely the eame In both caaee. 

§ If the shape of the opening is oval, triangular, or IrregaUr, i^e iMud 
must be measured vert from Its cen of mr. , 


90 
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Mon, wben f.h« coatraeiion ts complete; and a hen the sari^ 
level, remuiiM eoniitHntiy at the hhuic beiiig'lit ; water being 
flunpplied U* the reaervoir aa fuat at* it runa out at the open* 
ing.* 

Kuuc 1. When the hewi, meuured veri from the center (or rather from itn- ('■•ti of Rrav) c, of the 
opeuiUK, U) the aurt level t of the reaervolr. le not Icb than 1 ft. nor more than lu ft ; and when the 
iMt tra&iverw diiueuaioa of the opening la not leti. than an inch, mult the theoretical vel in ft per 
iec due to the head, (Tabto 10, )hy the coefltcieni o) discb .6'i. The prod will be the aotnri 
mean eel of the water through the oiMniuK. Mult this \el b> the area of the opening in sq ft; tbr 
prod will be the diwsb in oub ft per aeo, approximate!). 

When the head is greater than 10 ft. use .6, im-tead of h/ 

Bulb Z Find the aq rt of the head lu ft. Muli tins aq n )<> o . the prod will be the vel In ft pet 
leo ; which mult bf the area aa befoie for the dii.i:li 
Ex. What will be the diach through ao openiug lu i'otii|ilet< cdiitriiotion, whoae dinieniionH are h 
Ins, or .5 ft vert , and i ft hor ; the vert head aliove the ceu ol grav of the opening beiug conetanllj 
6 feet? 

By BttU I. The theoretical vel (Table 10, ecrrespi'iidiiig Ui 6 ft hetid, lx 19 T ft per see And 
19 7 X •fii = I'il 214 ft. the reqd vel. Again, the an a of the (qieniug =: o X 4 ” 2 «q fi . ind U 214 X 
2 = 24 4'2d oub ft per sec , the discb 

By But* 2. The sq rt of 6 =: 2.46 : and 2.46 X 6 - 12.26 tt |>er sec, the reqd rcl ; and 12 25 X 2 = 
24.5 oub ft per wc, the dUch. 

Both very approx even If the orifice reaches to the surface of the issuing water. 

Rem. 1. The eocf .62 is a mean of rchuits of many old expiTunentora 

In 1874 Qenl. T. G. Ellis of Massachusetts conducted an elaborate series (Trans Am Sis* (1 K, Feh 
1878) on a large scale, the general results of which, within le** than 1 per ct. are given in the follow- 
ing table. See also Rem .'1. The sharp edged onhees were in Iron plates 26 to .'i inch thick 

Oriflee. ! Ilcml above C'enter. i t’oef. 

2 ft sq. 2 to 'i •. ft W to t,l 

2 •• long, 1 ft high I I * to H , W to .hi 

2 “ long. .5 high I 4 to 17 (f I hi to «<i 

2 “ dtam. 1 l.e to 9 b _ .59 to 61 

Rem. 2. Extreme care la reqd to obtain correct resulU, but for utaQ} 

purpose* of the engineer an error of 5 to 10 per at l> uDimportHUi 
It will rarely bapfien that greater aoourmey la required than may be obulned by ihe fn-egotoj 
rules; but when such does occur, aid be derlvi^ from the following fable (ledlirefl 

from fhe experiments of Eeftbro^ und Poiieelet. on >M.ining. s iu« 

wide, ul diff heights, and with diff besd^ I'.i- ihat v's-tl in Uietatih* uhn h Mppln - i, ,l,i- ease, in 
stead of the 62 of Rule I In .some of the ca*e. In this t<bi<, the nppr iMgi of itn ojn-ning in 
nearer the surl level of the reservoir than IS limes its least trainsver-t d'lnroslon 

TABLE 12. CoefficienfM for reetanxnlar o|M>nitiK^ in thin 
vertical partitionH in full eoiitraet ion.* 


Head 
above oen. 
of grav. of 
opening 
la Feel. 

Head 
above cen. 
of grav. of 
opening 
In Inches. 

Ids. 

8 

The breadth in all the openings ~ 8 inches. 
HEIGHT OF OFEHINO 

Ins. 1 Ins. 1 Ins i Ins | Ins. 

6 4 1 8 j 2 1 1 

Ins 

■4 







.0666 

.8 






1 

1 : 





tH 






.1666 

2 




60 

.62 

.64 

.66 

.2083 

2H 



.aO 

.61 

.62 

.64 

.67 

.250 

3 



.60 

.61 

62 

.64 

.67 

.2911 

SH 



60 

.61 

02 

.64 

.66 

.3333 

4 


5h 

.60 

61 

6.1 

.64 

.66 

.8750 

4Ji 

.56 

.59 

.60 

.61 

6.1 

.64 

.66 

.4167 

5 

.67 

.59 

61 

.62 

.63 

.61 

I .66 

.6666 

8 

,69 

.00 

61 

.6.* 

63 

.64 

.65 

1 

12 

.60 

.60 

.61 

62 

.61 

68 

.61 

3 

36 

.60 

.60 

.61 

.62 

.62 

1 M 

.6.1 

5 

60 

.60 

.60 

.61 

61 

62 

i .62 

.62 

10 

120 

.60 

.60 

.60 

.60 

60 1 

, .01 j 

.61 


Bbm. 8. CTarefal experiment* on openinfpi 4 % ft wide, and IH 
ilM Itadch, uuder heads uf from 6 to 15 ft, guvo coeff » 0.62, correct within 
about 8 par cent, although the thicknaes of the partition waried, mi its diffsidea 
from 12 to 20 Ini. 

Bbm. 4. When two or more eontlirnoaii openlnn discharge at 
tha aame time from tha ume raaerroir, the/ appear to disch the aame as, or i 
littla lata than, a siagla oridca of their combined size. 
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< 2 . The (il^hnrKe thronifh tbiii vert pariitlons in eom* 
l>lete con tracUon, when the Murl‘ace*Ie vel, m. My 13, dotteentto 
aa the water flowM out into the air. lu this case, if the reservoir is 

(.risniaiK . ttmt w. it lu hor ^liotu are eveijrwUere equal ; aud if uo water 1» flowing into tbe MW- 
voir, u> supply the plao of that wiiioh flows out, then, to And tbe time read to dlecb tbe reaervoir. 

Rulk. Inasmuch as tlie time In which such a reservoir entirely discharges Itself, Is twice that in 
which the same quantity would flow out under a oonsunt head, as In Case 1, therefore, oai* 

oulate the duch in cub ft per sec by Rule 1, Art 9 , dlv the number of cub ft coo< 
Hi a in the lesrrvolr, above the level g of the botioiu of tbe opening, Fig 13, by 

this dUch , the quot will be the numbet of sec in wlilch a volume equal to that in 
the reservoir, to tbe depth g, would run out iu Case 1, of a constant bead. And 
twice this number will bo the seconds reqd to empty the reservoir iu Case 2. of a 
varglng head. ' ’ 

IlkM. if it should be reqd to find the time lu which snob a prismatic reservoir 
would partly empt> Itself, as. for Instance, from m to n. Fig li, first calculate, by 
the above rule, the secs necessary to empty it If it had oul> tieen filled to n; aud 
afterward calculate as If it had been filled to m. The diff twtweuu the two times 
will evidently be the time reqd to empty It from in to n. If the opening Is not iu 
Complete cniitracihin, see Aits 11, Ac. 

If tliediNoh is into a lower reservoir, whose 
Niirf*level remains eonHtaiit, proceed m tbe same manner; 
onlv use the diff nf level of the two surfs as the bead, and afterward (aooordiug 
to Woisbach) incioasc the time part. 

Art. 10. Ditieh from a reservoir R, Fly 14. the snrf-level. 

«»f which r ^maiiiM coiiNlantly at the Name heiyht; throufrli 
an opeiiiiiy. o. in thin vert nartitlon; and in complete eon- 
fraefion; but cnllrel.v nmfer water; and into a prismatic 
reNervoIr, m. 


-B- 


Figr. 13. 



Fig-. 14. 


MeeondN required 

to discharge a quantity = 
e da, the level c rcMiatniny := 
coHsfunt. 


y/ height a c w bor area of 
_ I n ft ^ m in eg ft 

area of opening „ o as 
0 in sq ft X .8* X 8.M 


SeeondM requirefi 

to raise l*vel in m bom o to u 


^height hor area of,,., 
^ w* »n »q ft ^ ^ 
area of opening L a 
0 In sq ft X .62 X 8.0* 


SecondN required 

to raise level in « from e to 
any other level, d. 


c — l'’o <i\ 
\ both in ft / 


X 


hor area of 
m in aq ft 


y 2 


Area of opening 
o In aq ft 


X .62 X fiJd'i 


Rem. 1. If it Nhonld be reqd to find the timeomiliny m,fVom 
ItN bottom c. up to d, we may do so very approximately by calculation to 
the am rule In Art ». the Utne reqd from e to the center of the oiieiilng o. as If all that portion ot 
ihe disch took plane into ulr ; uud afterward, from the oenter of the opening to d, by the rule Just 
given. This oase is similar to that of filling a lock from the canal reach above. In which the aurf- 
level may be onnsidered ooustant. 

Rem. 2. If the bottom of the openiny o, ahonld coincide with 
the bottom of the reservoir, then the coeff will tiecome ereater than .Hi. 
See Art 11, for obtaining ooelfs for imperfect rontraotion. 

Rkm. 3. If the 0 |>enliiy. instend of beiny in complete eon- 
traction, ifl of any of the »hape<v Figa b to 9, then a reference to Art 8 will show 
what coeff must be substituted for .62. 

OiKji. Disch from one prismatic reservoir, Fiy 15 , W, Into 
another, X, of any comparative Blses whatever, throiiyh an 
openiny o, in a plane thin vert partition, and in complete 
contraction t when the water rises in X, while it falls in W. 


W 

It u 


X 


Fly. 16 . 


To And the tune 1h which (As wafsr. jUnving from W into X, throitgh 
o, wiUfaU through the dUt as, so a* to stand at the same level s c, in 
both retervolre. 

Ill this case, tbe water read to fill X fmm e to d. (d being the bottua 
of the opening o.) flows out into the air; and the time neoessary for it 
to do so, must be calculated separately from that reqd above d, which 
flows into water. 

Kclk. First from e to d. Find the hor area of eaoh reservoir, in 
sq ft. Mult the hor area of X, by the v-srl depth d e in ft, for the oak 
ft enntained in that (lortion. Oiv these cub ft by the hor area of W. 
The qiint will be tbe diet ani, in feet, through which the water in If 
mast des'imd, in order to flU X to d. 


Seconds re- 
quired to low- 
er from o to wt, end 
raise from e to d. 


Twice the / ✓wi'rr” 
hor area of X ( V 

y in sq ft ^ ^ 


„-/head m n 
^ In ft 
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Seeond« required 

to lower from m to «, and rmiie 
(lom d to c. (Very approx) 


Hor area of ^ twice the hot area ^ ^hoad m « 
X In aq ft ^ o f W In sq f t ^ ^ ip ft 
Area of /hor area hor areav 
openlDK X ( of W + of X ) X .W X 8.M 
oiniqft \1 d gq ft in aq ft/ 


Rx Let the hor area of W he 100 sq ft: and that of X, 00 sq ft Let an lie 'JO ft , and m nlR ft , 
and the area of the opening o, 3 aq ft. In what time will the water duscend fruui a to «, and rit« 
from r to t. ? 

luaamucii an the method of finding the time for tilting from e to d, liy the water falling from a to 
m, requiiUK no turther exemplitlcatiuii, we will cnuliue ouraeliea to the addifwnal time iicoctsar^ tor 
filling from d to c, by the water tailing from w to «. To hud this, »e have, the sq rl.ot tlie head 

mn=:4ft.andthe»uiaofthe2aroas.rioo + 60--i60. «'!ll»'^x‘'3x‘;62 = 

20 1 sec, the additional lime reqd, very approximately. 

Note 1. If Ihe opeiiiii{(r« hh d. l'i§r 16, roarhofl 
to the verj^ bottom of the reftervoirM. we may 

consider all the water tlowiug from K into T. as flowiug mio water. 

Therefore, using the head am, we at onoe calculate the lime loces-ary 
fur the water lu the two reservoirs to arrive at the saine level s r, by 
the last process of the preceding rule, or, in otliir words, by the pro- 
cess given in the preceding example. But in this ease it must he home 
in mind that the opeiung o is no longer in cumpleu contraction, mas* 
much as the contraction along lu lower edge is Rupptcssed 

The diHch a ill oonsequently be somewhat Increased, and a coefif 
greater than 02 becomes ueccssarv Tbe meebod ot finding this, is 
given in the tuilowing Case 4. A rofcrciice to Art 8 will give the ooeff 
in case the opening is shaped as Figs 0 to 9. 



Fijf 16. 


Art. 11. Cast 4. The diNcharffe throiigTh openinipi In plane 
thin vert partitions; but in incomplete contraction. 


The opening may be such that contraction will take place 
along one portion of its perimeter, or at tbe top of the open- 
ing a, Fig 17 , while It U suppressed on another portion ; as 
at the bottom and two ends of the o(K!uiug a; where suppres- 
sion is caused by the addition of ihort side and bottom pieces 
e, e, e. Or it may be caused by the bottom, or qnds, or both, 
ooinoiding with tbe bottom and sides of the reservoir. In 
•noh oases the diaeh will be greater thau in those of complete 
contraction ; but less than in those of full flow , inasmuch as 
the opening now partakes somewhat of the obaracter of tbe 
short tubes of Art 8; and the ooeff will nse from .62, or that 
which wswoUp pertains to openings lu full oonlraoUon ; and 
will approach .8, or that of full flow, in proportion to the ex- 
tent of perimeter along which oontraotion is suppressed , or 
even to .9 or .98 by tbe use of such openings as are shown by 
Figs 7, 8, 9. 



To And opproximately a new coeff of diiich ; and the diaeh 
llaelf. In eaaea of incomplete contraction. 

Bulk. First And by tbe foregoing rnles, what would be tbe discb in the particular case that may 
be nnder eoailderation, supposing the oontraotion to be complete. Then div that portion of the 
perimeter of tho opening on which oontraotion is suppressed, by tbe entire perimeter. Mult the quoi 
by the dec .152 if the opening is reouogular, or by .128 If circular To the prod add unity, or 1. Cali 
the sum, a. Then say, as unity, or 1 , is to p, so is the coefif for complete contraction in ordinary oasev 
(uBually .82) to tbe reqd new ooeff Finally, repeat tbe original calculation, only substituting this new 
ooeff in the plaoe of 82. 

According to this rule, we have the following ooeff of discharge for rectangular openings within pio- 
bably 3 or 4 per cent, when ooutraation is not suppressed on more than of the perimeter. The tbeo 
retloal discharge mnitlalled by the corresponding coeff will give the actual discharge. When the con 
traction is carried farther, the ooeff becomei extremely irregular, and is probably indeterminable. 


For ecmplete eontraeUon (orcUnarUjf) 62 

IFhsw ooiUraction is ovpprootod o* H fhs perimeter 84 

87 


enttralf around the on/lce . 


lateraediate ones can be estimated nearly enough, mentallv 
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Art. 12, Pig. 18 Contraction suppresaed at the bottom and at 
0 both vert sides of the opening o. In con- 

sequence of their coinciding with the 
bottom and sides of the reservoir. Front 
reservoir sloped, as at f. Use Rule 1, 
Case 1, Art. 9 ; but, according to Ponce- 
let, the coefficient, instead of 0.62, a.s In 
Tji. Rule 1, should be 0.80 if f slopes 4.’5", 

rin lo 3 or 1 : 1 ; and coeff - 0.74 if f slopes 

63* 30', or 1 hor : 2 vert. 


Art. 13. To find, approximately, the time read for the emp> 
tyinic of a pond, or any other reNervoir, a» Fiif 13, which la 
not of a priamatie ahape; through an openlnfp, w, near the 
bottom. 


in Rulk. Firit uoertaiu the exact shape and dlmensiooi 

H of the reservoir. If large, and irregular, it must be care- 

fj ({'" fullv Murtejed, and souudiiigK taken, and figured upon a 

'' I'uneci plan and cross-Hectioii!.. Next, consider the entire 

body of water to be divided into a aeries of (bin hontrata. 
\ . K. O, I) , the top line of the lower one being at least a 
few ins above the top of the opening n It is not necessary 
that these strata should be of equal thickness; although 
the thinner they are, the more correct will the result te. 
The depth of the lower one, D, will vary to some extent 
with the height of the opening ; those next above it sboald 
not exoeed about a foot in thickness, until a depth of 6 or 8 feet is reached; then they may oonre* 
uiently, and with sutllcieiit necuraoy, be increased to about 2 ft, for 6 or 6 ft more ; and so on ; be* 
toming thicker as they approach the surf. Bv aid of the drawings, calculate the oontent of each 
stratum in cub ft. Now, since the strata are thin, we may, without serious error, assume each of 
them to be prismatic, as shown by the dotted lines ; and may assume that the head under which each 
stratum (except the lowest) empties itself through n, is equal to the vert height from the center of 
the opening to the center of the stratum. Thus, m n will be the bead of A ; ion. the bead of B ; xn, 
the head of C. Then, for the stratum A, by Rule !, Art9, (only nsing mn as the head instead of on,} 
and instead of the coeff 62 of that rule (which can only be used If n Is in complete contraction) nsing 
64, or whatever other coeff near the end of Art 11 applies to the ease, calculate the disoh in onb ft 
per sec. Dir the oontent of the stratum A by this disob, and the quot will be the number of see reqd 
for discharging A. Using the bead wn, proceed in precisely the tame wav with the strstnm B ; and 
sslng the bead xn. do the same with C. PlnHlIv, for the lower stratum D.'flud bv Rule 1, Art*, (with 
the same caution as before respecting the pro|»cr coeff,) in what time It would empty Itself nnder a 
constant bead equal to y n, measured from its tur/ to the oeuter of the opening. DowbM this time will 
be that reqd to empty itself in the case before us. under Its rarying head, nnallv, add together all 
these separate times ; and their sum will be the entire time reqd to empty the pona, or rMorroir, ap* 
oroximatelf enough for practical purposes. 
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(0 The lengrth L of the cre«t« Fiprs. 21 to 22 o, should be at 
least three times the head H, in order to reduce the effect of friction 
of the sides s a and that of end contractions where sucli exist. The 
heij^hi p, Fiff. 20, of the vertical back o 6 in contact with the 
water should bo not less than twice the head H ; for, In order to 
reduce the velocity of approach (see Art. 14 ttl, the cross-section of 
the channel leridin^; to the weir should he large In proportion to 
that of the stn'ani a The cross-section of the channel of ap- 
proach should he as regular as possible. 

iff) The weir should be stoutly built, as vibrationa of the structure may 
seriously uu>dify the disclrai^'e 

(A ) Theoretically, the lica«i is the vertical distance IK, Fig. 24, from the 

crest a to a point o' where the water is pn/ccUy xhll, and the surface tlierefore 
hill izontiil. Hut in fact the iiead usually measured from the crest a to a |«)iiit o 
a few feet back from the weir wliere the water is only cotnpniativtJy still, the 
velocity of approach being perceptible (.'see Art. J4, «.) The difference between 
the head H actually measured and the head U' to still Vf&ler is iisiiully \ery 
slight. It is greatly exaggerated in the figure. 

The correct iiicamircincnt of the head is a delicate matter, the dis- 
charge being increased or diminished about {ler cent, by 1 )hu cent of in. 
crease or diminution of the head Waves or ripples and other disturlmuees of 
the surface, and capillary attraction, are the chief sources of error. 

(i) To avoid the latter diiticiilty, the hook-fcaiiKi* is used for measuring 
the height of the w ater surlaee in'lm}K>rtant ca.ses. 'I'his consists of a long grad- 
uated rod, provided at it.s foot with an upturned Imok or point, and sliding 
vertically (by means of a screw motion) in a fixed .supjKiri, to which is attached 
a vernier indicating on the scale the height of the point. I’lie sliding rod is 
first run down until the point ix well lielow the surface, and then gradually 
raised by means of Uie screw until the point just leaclu^s tlie suiface, which is 
indicated by the fii.si apjiearaiire of a ' pimple" in the water suilai'c inline- 
diately o'er the hook Under favorable circiiiustauces a good hook-guuge may 
be read witluii from 0002 to OOOb foot 

( /) To avoid Inacouraeies due to the distnrlmnof* of Iho mirfaro by 
the cunent, by wind, etc., tlic level is sonietinie'' taken (with the hook gauge or 
otherwise) in a side chaiuber which coiiimurucafes with the luain channel of 
approach. The surface in the charnher niainlaiiis the same level as that in tht 
channel itself, hut is comparatively free from disiuihaiice (»r a bucket coiii- 
Hiunicating with the channel by means of a jupe can ho made to .serve in the 
same way F-iiher may of course lie shelteied from the wind i'Miifion. 
Messrs Ftelcyand Stearns found that when the bucket oroiiamlxT oommunii'ated 
with the water m-ni Hu luittom mul dose hflnml the n, n , the lieavl thus oblaiiKsI wa.s 
generally somewhat greater than that found by measurement near tlie surface 
and 0 feet back troiii tlie weir. Hut Mr. l'’rancis found the ditference scarcely 
perceptible. 

[k) (ircat care is necessary in adiUHtinjic Iho book-«rniiK<* for the 
heigrht of the erewt: for any error in this affects all the subsequent ex|)erl- 
meuts. The hook is usually adjusted to the height of the surface when the latter 
Just reaches the level of the crest; but this metluMl is ren<lered inaccurate by 
capillary attraction at the crest .A more aeeurate melhfwl is to liave, iu addition 
to the hook-gauge, a stout fired hook, piuntiug upward, the level of which, rela- 
tively to that of the cre.st, may lie ascertained hv means of au engini*er’s level, 
holding the rod on the crest and also on the point of tlu- fixed hotik. The water 
surface is then allowed to fall slowly until a “ pimple" Just apjiears over the fixed 
hook. It is then kept at that level and the hook-gauge adjusted accordingly. 
Or if the puge-hook is a stout one, the levelling rod mav be set at once upon ita 
point without having recourse to a fixed hook. It is better to adjust the hook- 

r ye 80 as to read zr.ro for the crest level, which is thus ma^ the datum ; for 
reading of the hixjk gauge for the water surface then '^ves the head H at 
once, and without subtracting the height of the crest. 
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(1) Formulse for weir discharge. 

Let 


Q, — the actual discharge over the weir, in cubic feet per second ; * 
the theoretical discharge over the weir, in cubic leet per second , 

=11' t = the vertical distance or head a Fig. 24, p. 556, in feet,* measured 
from the crest a to the horizontal surface o' of .ttUl water up-stream from 
the weir; 

L = the length a a of the weir, in feet,* Figs 21 to 22 a ; 
ff «= the acceleration of gravity = sav 82 2 feet* per second per second) 

e - co«fflcient of diKharge = ^ ’ 

theoretical discharge Q' 

2 

m = 3C. 

2 

as 3 o 1^2 g=* m YTg «« say 5.36 c = say 8.025 m. 

Then, lor the theoretical dischargee, we have 

^ (II 


and (or the actual dincharire, 

41 = c Q' 

= 3C LH 

= mLHi'2i7n 

- X L H |ir = X L X L hI . . 


( 2 ) 

(3) 

(4) 


See foot-notes 


For the value of the coefficient (r, m, or a-t) M-e have recourse to 
experiment, measuring the actual discharge and comparittg it with the theoret- 
ical one, as in the following articles. 


* The fommlie apply equally t») any system of measures, us the English, the metric, 
etc. It is requisite merely that the units, of length, of time, etc., used, be the 
siinie throughout. Tn metric measure, g -=; 9 81 meters per second pei second. . 

t For (hr present wc supixise tlie head to Im* measured to stUl water, so that H = H'.' 
When this is not the ease, see “Velocity of Approaeli,” .\'t. 14 (u), etc. 

X It will l»e notic»Hl that the formula* (2), (.J) and (4i, with their corresponding coef- 
ficients. c, m, and x, are really identical, difleimg onl,» in form. The last is the most 
convenii'iit in pi-actice, hut all are met with in work*' on hydraulics. 

g When watei issui'S iindei a head 11, liuin u honzonlnl orifive in the hottom of a 
vessel, the theoreti< ul velocitv (Art. 7, is = j 2g H ; and this may be regarded 

as true also for rertKol oiitices m the sales of ves.Hels, i>rovKled the heail H to the 
center of gravity of the orifice is at least two or thiw times the vertical dimension 
of the orifice; for in both rases the theoretical velocities through the several parts 
of the orifice may he taken a* equal But when a \ertioal oritii i‘ is nearer to the sur- 
fi^e, fir when U reaches to the siirluce as in the case of a weir, v\e must take into con- 
sideration the difiereiices in the velocities with which thci w'ater issues from points at 
different depths. 

Theoretically, th e part icles pass the oblique plane ao\ Fig. 2:1, in horizontal lines, 
with velocities (= 2 gh -= 8 025 yli) 

pro|K)rtiotml to the square roots of 
tlieir several vertical depths h (not 
Indicated in fig.) below still water 
surface at o'. Therefore if fiom a m 
we imagine horizontal lines a 
<f d', V s', e c', etc., etc , to be drawn, 
representing all these velocities to 
any scale, tlien the outer cuds 
d', r', c', etc., etc., of these lint's 
will form, with a m and a a’, a 
]>arab()lic segment a m c’ a', the area 
of which is ; 

2 2 2 

area ^ area of rectatigle u » (see Parabola, p. 192) = ^ « m X « o' =• H VTftT; 

and this area in square feet, multiplied by the tiiickness of the escaping sheet of 



Fig;.23 
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(M») 9[r. Jamcfl B. Francis'* experimented at'* the lower looks/* Ix>weIL 
Mass., in 1862, with weirs 10 feet long, .■> feet and 2 feet high, under heads from 7 
to 19 inches. To apply his results, the following conditions must exist: 

The head H, Fig 20, must be between 6 and 24 inches. The height p of the 
Tertical back of the weir above the Imttoui b of the channel must be at least 
twice the head H. The crest a must i»e “ in ihin partition ” (foot-note f p 641), 
and its length L, Figs. 21 to 22 o, must be at ^.-ist :{ tunes the head H. The ends 
« A, o A must be vertical, and, when there is end contraction, * in thin partition,'* 
When there is end contraction, Mr. Francis lirst deducts from the actual length 
Lof the weir wt« ttnUk^ of the head H for ench end where contraction O'^curs. 
Thus, if « = the number of end contractions (two in Fig, 22), 

Q = ,(L-»f ) H (l-.. “)H't ■ . • . P) 

In Fig, 22,Q » a: (l- ” ] H j H. f » a: (l- “ j 


But within the limits specified above, the formula is very approximate unfhout 
correction for end contraction, provided the length L of the weir is at least 10 
times the head H ; and within 6 per cent, of the truth when L is = 4 H. When 
there is no end contraction, of course no such correction is required, and the 

.? 

formula remains Q =» z L H { == r L H • 

Mr. Francis ^ives x -- 3.3:1 for /erf; 2 or 


Discharipe 3.33 x ^length 


immlierof ^ he ad H \ y jjj 
end contractions ^ 10 / ^ 


the mean of his 88 experiments l^dng 3..'{:il8. The least value of x obtained by 
him was 3.3002, or 1 in 112 less than 3 33; and the greatest was 3.3617, or I in 10.) 
more than 3.:i3. Hence, witli x - .133. the formula will give the discharge for 
each of his experiments within 1 per cent. In 67 out of the 88 ex))eriment8 
e ranged between 3..32 and 3.35, and in .'>3 between 3.32 and 3.34. When x is 3.3;t, 
m is = 0.416, and c is - 0.622 

The height of the surface was measured six feet back from the weir by two 
hook-gauges, one on each side of the channel ; and the moan of their readings 
was used In calculating the coefficient z. 


water, or length L of weir, in feet, gives the theoretical discharge In cubic feet pei 
leoond. Or 

Q'»LXareaatBc'a'=3LX -“H 


Henoe, area a me' a' In sq. ft. represents the theoretical dlsch. in cub. ft. per sec. ove? 
I It length of weir, under bead H. The theoretical mean vet. through Uie W'ction a o' Is 


theoretical disch arge Q' 
area am 


:Ln,'2?Tl 



or two thirds of the theoretical hori- 
zontal velocity on' of the particles 
passing Imtrediab'ly over the weir. 
As in the case of orifices (,\rt. 9, 
p. 541), the actual vel. at the maUed 
lectum of the sheet after {wssiug the 
Weir (correij|)onding to the “vena 
contracu”) is probably very nearly 
equal to this theoretical velocity. 

• “ Lowell Hydraulk Experi- 
ments,” Van Nostrano, New York, 


t experiments this figure was not constant at 0.10, 

between O.Wl and 0 124, generally increasing as the head dwmased. 

J We here suppose the head to be measured to the surface of rfiff water, so that iJ 
*id H' (aee Art. 14 k, p. 548) are the same. See Velocity of Approach, Art. 14 [u). 


J Since 1 metef •« 3.2808 ft., the value of z for metric measure corresponding to Me 
IWeV A33, Is => 3 33 vOGT » 3.33 -i- 1.8113 » L83a 
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Table DlNcharice in eubie fee* per necond for eaeb foot 
in leng^tn of weir lu ihiii plate and without end couti action, by the Francis 

formula: DiAChar^e, Q/L, per foot of weir length, = 3.3S = 3.33 HVh. 

Very approximate also when there is end contraction, provided that L if, at 
least == 10 if ; and but about 6 per cent, in excess of the truth if L = 4 H, Mr. 
Francis limits the formula to heads H from 0.5 foot to 2.0 feet, but no serious 
error will result from using the table for any of the heads given. For woiris 
of <»llirr leng'tliM than 1 foot, multipi) tiie tabular disch,arge by the actual 
length 111 feet. > e .7 » / 


II — head, in ft; Q/Ij = disch in cu ft per sec jier weir-lgth ft 


If 


If 

U/L 

II 


H 

il/L 

II 


.oP 

li.oor 


i 1.213 

i.oP 

3.,386 

1.51 

6.179 

~2.or 

9.489 

.02 

0(K)9 

.52 

1.249 

1 02 

3.430 

1.52 

6.240 

2.02 

9.,5b0 

.03 

0.017 

.53 

1 . 2 s.) 

1.03 

3.4.S1 

1.53 

6,302 

2.03 

9.631 

.04 

0 027 

.54 

1.321 

1.04 

3.532 

1.54 

6 364 

2.04 

9.708 

0.1 

0.037 

.55 

i.r)8 

1.05 

3„58.{ 

1.55 

6.426 

2.06 

9.774 

.06 

0.049 

.56 

].39.> 

1.06 

3 6:t4 

1.5R 

6.488 

2.06 

9.846 

.07 

0 062 

.57 

1.433 

1.07 

3 686 

1.57 

6.651 

2.07 

9.917 

.08 

0.075 

.58 

1.471 

1.08 

3 737 

1..58 

6.613 

2 08 

9.989 

.oy 

0 090 

.59 

1..509 

1.09 

3.790 

1.59 

6 676 

2.09 

10.062 

.10 

0.105 

.60 

1.548 

1.10 

3.842 

1.60 

6.739 

2.10 

10.134 

.11 

0.121 

.61 

1586 

1.1 1 

3., 894 

1.61 

6.803 

2.11 

10.206 

.12 

0.138 

.62 

1.626 

1.12 

3.947 

1.62 

6 866 

2.12 

10.279 

.18 

0.156 

.63 

1.665 

1.13 

4.000 

1.63 

6.930 

2.18 

10.862 

.14 

0.174 

.64 

1.705 

1.14 

4.053 

1.64 

6.994 

2.14 

10.426 

.15 

0193 

.65 

1.745 

1.15 

4.107 

1.65 

7.068 

2.15 

10.498 

.16 

0 213 

.66 

1.786 

1.16 

4.160 

1.66 

7.122 

2.16 

10.671 

.17 

0.2.33 

,67 

1.826 

1.17 

4.214 

1.67 

7.187 

2.17 

10.645 

.18 

0.254 

.68 

1.867 

1.18 

4,268 

1.68 

7.261 

2.18 

10.718 

.19 

0.276 

.69 

1.909 

1.19 

4.323 

1.69 

7.316 

2.19 

10.792 

50 

0.298 

.70 

1.950 

1.20 

4.377 

1.70 

7.881 

2.20 

10.866 

.21 

0.320 

.71 

1.992 

1.21 

4.432 

1.71 

7.446 

2.21 

10.940 

.22 

0.344 

.72 

2.0.34 

1.22 

4.487 

1.72 

7.612 

2.22 

11.016 

.23 

0.367 

.73 

2.077 

1.23 

4.543 

1.78 

7.677 

2.23 

11.089 

.24 

0.392 

.74 

2.120 

1.24 

4.698 

1.74 

7.643 

2.24 

11.164 

.‘25 

0.416 

.75 

2.163 

1.25 

4.6,54 

1.75 

7.709 

2.25 

11.289 

.26 

; 0.441 

.76 

2.206 

1226 

4.710 

1.76 

7.776 

2.26 

11.814 

.27 

0.467 

.77 

2,2,50 

1.27 

4.766 

1.77 

7 842 

2.27 

11.389 

.28 

i 0.493 

.78 

2.294 

1.28 

4.822 

1.78 

7.908 

2.28 

11.464 

.29 

1 0.520 

.79 

2.338 

1.29 

4.879 

1.79 

7.976 

2.29 

11.540 

.3tl 

1 0.547 

.80 

2.383 

1.30 

4.936 

1.80 

8.042 

2.30 

11.616 

.31 

1 0.575 

.81 1 

2.428 

I.S1 

4.993 

1.81 

8.109 

2.31 

11.691 

.32 

1 0.603 

.82 

2.473 

l.,32 

6.a50 

182 

8.176 

2.32 

11.767 

..33 

0.631 

.83 

2.518 

1.33 

1 6.108 

1.88 

1 8.244 

2.33 

11.843 

.34 

! 0 660 

.84 

2.564 

1.34 

1 6.165 

1.84 ! 

1 8 811 

2.34 

11.920 

.3.5 

0.690 

.85 

2.610 

1.85 1 

1 6.223 

1.86 

1 8.379 

2.35 

11.996 

.36 

0.719 

.86 

2 6.56 

l.;3<> 1 

1 5.281 

1.86 

' 8.447 

2.36 

12.073 

37 

0.749 

.87 

2.702 

l..{7 

i 5.340 

1.87 

8.515 

2.87 

12.160 

.38 

0.780 

.88 

2.749 

i.;« 

{ 5.398 

1.88 

8 684 

2.,38 

12.227 

.39 

0.811 

.89 

2.796 

1.39 

1 5.457 

1 89 

8.662 

2.39 

12.304 

.40 

0.842 

.90 

2.843 

1.40 

5.516 

1.90 

8.721 

2.40 

12.881 

.41 

0,874 

.91 

2 891 

1.41 

5.575 

1.91 

8.790 

2.41 

12.4.59 

.42 

0 906 

.92 

2.939 

1.42 

5.6:i.5 

1.92 

8.859 

2.42 

12.586 

.43 

0 939 

.9.3 

2.987 

1.43 

.5.694 

1.9:^ 

8.929 

2 48 

12.614 

.44 

0,972 

.94 

3,0.35 

1.44 

5 7.54 

1.94 

8.998 

2.44 

12.692 

.45 

1.005 

.95 

3.083 

1.45 

6.814 

1.95 

9.068 

2.45 

12.770 

.46 

1.039 

.96 

3.132 

1.46 

6.875 

1.96 1 

9 1.38 

2.46 

12.848 

.47 

1.073 

.97 

3.181 

1.47 

5 . 9:15 

1.97 1 

9.208 

2.47 

12.927 

.48 

1.107 

.98 1 

3.231 

1.48 

6.996 

1.98 1 

9.278 

2.48 

18.005 

.49 

1.142 

.99 

3.280 

1.49 

6.057 

1.99 

9.348 

2.49 

13.084 

.50 

1.177 

1.00 1 

3 .330 

I 1.50 

6.118 

2.00 1 

9.419 

2,60 

13.163 


Table 13 is an extension of the “ original ” table published in our first edition, 
1872. Most of the values now given are taken, by permission, from a table published 
ky Messi-s. A. W, Ilunkiiig and Fnink S Hait. of Lowell, Mass., in May isk 
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(m) IWefliHrti. A. Ftelejr and F. P. St^arnM * experimented at Itostea 
Mass , in 1877-79, upon weirs S feet and 19 feet long, 8 feet 2 inches and tJ feet 6*^ 
inches high, and under heads from 0.8 inch to 19 inches. For weirs in thin par- 
tition and without end coniractiou, with a rectangular and uniform channel of 
approach and under heads L^oater than 0.07 foot or 0.84 inch (other co<^(.tion& 
as s|>ecified in (6) and (rf)), their formula is; 


Diseharii'e. 


, Q = 3.81 L H J + 0.0(»7 L 1 

= 0.4125 L H }/27ri F 0 007 L J * •••()• 

In their experiments, the heads were measured six feet hack from the weir. 
The total variation in the values of the coethcients obtained was about per 
cent. Compare foot-note ^ below. * 

(ft) M, Ba*in J; experimented at Dijon, France, in 1886-88, with weirs from 
about 1 % fo <►‘''•2 feet long, from about 9 inches to :> feet 9 inches 
high, and under heads fiom 2'^ to 21 inches The top of the 
weir is shown in 1* ig. 23 a. The weirs were placed at ditrerent 
points in a rectangular and regular canal 7(H> feet long, 
smoothly lined with cement. Coinpare foot-note ^ below. 

While Mr. Francis and Messrs Heley and Stearns provide 
for theetfect of velocity of approach (see Art. 14 ic and v' by 
moditying the measured headtl, M. Bazin includes it in the 
c<‘p.cmH in in the formula Q — m L H 1^2 

g Let M - the \alue of m for the case where velocity of ap- 
•proach -0. 'J'lien, very approximately : 



= 0.405 + I 


,0.406 + i!:H«4«f^„0.405+?'“^ 
H feet H fee* 


When v''locity of approach is to be taken into account : 

” = m[>+o.5.^(^-«-)“].. ..c): 


where H is the head actually measured to running water, 
and p is the height a 6 of the weir, Fig. 20. H and p must of 
course both be measured in the same unit, as both in meters, or both in feet, etc. 


M. Bazin believes that except in the case of very low weirs (which should be 
avoided) the values of wt given by formula (7) and in Table 14 calculated from 
it, will be found within 1 per cent, of the truth for weirs in thin partition and 
without end contraction, if the conditions of his experiments are exactly repro> 
duoed, and provided especially that the sheet of water In not allowed to expand 
laterally alUr passing the crest (Art. 14 (rf)) add that the air has free access t« 
the space tr, Fig. 2U, behind the falling sheet of water. 

For heads between 4 inches ant! 1 foot, M. Bazin gives, as Hufllciently ap* 
proximate, 

when there is no velocity of approach, M = 0.425, § 


and, to allow for velocity of approach, m 


0.425 + 0.21 



• Transactions, American Society of Civil Engineers, Jan., Feb. and Maicli, 1883. 

t See c/nrection for Velocity of Approach, Ait 14 («). 

J Experiences nouvellcssur recoulcmeiit cu dcvcrsnlr. Extrait des.4nnalps dcs 
Ports et Chaussees, Oct., 1888. Paris, Vve Ch. Dunixi, 1888. Translation by A 
Marichal and John C. Tmutwlne, Jr., presented to Engineers’ Club of Philndelphio. 
in 1889, for publication in its Proceedings. 

? This would make * * 3.41 (since t — m \''lg — 8.02.5 vi)\ whereas Mr. Francis 
gives 2 = 3.33, which agrees verj' well with Messi-s. Fteley and Stearns, within the 
limits of Art. 14 (m). Yet M. Bazin measun'd the head 16 feet l>ack from the 
weir, while tlie other exyterimenters ineaMiir<*d it only 6 feet back, and tlie slight 
increase of heatl thus olitained by M. Bazin would of itself have made Ids eoefhclent 
/me«r than theirs. Its e.\' esfl may be largely due to the character of the cliannei of 
approaeh, which in his case was from .'>0 to 7(K| Icet long, rectangular and regular jn 
cross-section, and smoothly coated with cement. In the other exiierlmcnts It wai 
iBWcb less regular. 
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14. VAlaeit of Bosln*M m. In the formula : 

Q = w L II VJ??Tr.* 

The coefficient, 9. ^ p. 549, being a mere ratio, la 

Independent of the unit of length adopted ; but Bazifu*8 M and m In- 
clude correction for velocity of approach. They therefore depend 
upon the unit in which II is expressed. See p. 552. 

Using Bazin’s m, as given in the table below, we have, for the 

discharge per second : 

Cubic Tneters « m X length L in met. X bead H* in met. X 1^2 y 9.81 H in met.; 
Cubic /ce/ - »» X length L in feet X head H* in feet X i/*2 x ^2.2 II in feel. 

It will be noti(^ that below tlio heavy line* the head H is greater than 
^height;) , and thus exceeds the limit laid down in (f ) and (m). 


Head H, Fig. 24, p. 55S. 



aru-roTiniate I 

Meters. 



feet 

incheK. 

.05 

.164 

1.97 

06 

.197 

2.16 

.07 

.230 

2.76 

.08 

.262 

8.15 

.00 

.2<35 

3.54 

.10 

.3'38 

3.94 

.12 

.394 

4.72 

.14 

.4.59 

5 51 

.16 

.525 

6 30 

.18 

.591 

7.09 

.20 

.6:«6 

7 87 

.22 

.722 

8.66 

.24 

.787 

9.45 

.26 

.853 

10.24 

.28 

.919 

11.02 

.30 

.984 

11 81 

.32 

1.050 

12 60 

.34 

1.116 

i:i..H9 

.76 

1.181 

14.17 

J18 

1.247 

14.96 

.40 

1.312 

15.75 

.42 

1.378 

16.54 

44 

1.444 

17.32 

.47 

I..509 

18 21 

.48 

1.575 

18.90 

.50 

1 640 

19 69 

.52 

1.706 

20.47 

.54 

1.772 

21.26 

56 

1.K77 

22 05 

.58 

i.oas 

22.83 

60 

1 969 

23.62 


Height, ji. Fig. 20. ofert «t of weir above bed of np-stream channel. 


^ meters 0 2U 0 .hJ 0.40 0.50 0.60 0.80 1.00 1.50 2.00 
c Creel 0.6.)6 0.984 1.312 1.640 1.969 2.624 3.280 4 920 6 560 ,2 
|/iuehc«7»7 11 81 15.75 19.69 23.62 31 50 39.38 59.07 78.76 


.4.58 

.456 

.455 

.4.16 

.457 


.45 1 .451 .450 

.450 .447 .445 

.448 .445 .443 

.447 .443 .441 

.447 .442 .440 


■n m in 

.449 .449 .449 

.445 444 .443 

.442 .441 .440 

.440 . 438 .438 

.438 .436 .436 



m m Mf 

.448 .448 .4481 
.443 .443 .4427 
.440 .439 .4391 
.4.77 .437 .4363 
.435 .434 .4S4P 

.433 .433 4822 

.430 .4.70 .4291 
.428 .428 .4267 
.427 .426 .4246 
.426 .425 .4229 

.425 .428 .4215 
.424 .428 .42ai 
.424 .422 .4194 
.424 .422 .4187 
.424 .422 .4181 

.424 .421 .4174 
.424 .421 .4168 
.424 .421 .4162 
.424 .421 .4156 
.424 .421 .4150 

.424 .421 .4144 
.425 .421 .4139 
.423 .421 .4134 
.425 .421 4128 

425 .421 .4122 

.426 .421 .4118 
.426 .421 .4112 
.426 .421 .4107 
.427 .421 .4101 
.427 .421 .4096 
.427 .421 .4092 


Owing to the wide range of the head H and of the height p in these experi- 
ments, we find in them a wider div4‘r|^nee in the values of the coefficient 
than reHulted from the earlier investigations Thus, tlie smallest value of m 
above the heavy lines is 0.4092, or about one nineteenth less than the mean, 
0.4.i25 ; and the greatest is 0.459, or about one sixteenth more than 0.4326. 


"■In theoe experiments, the head H was measured at a poi.nt 5 meters (16.4 ft ) back 
frttm tile weir. The correction for velocity t»f approach is contained in the coefficients. 

t M is the value of m when there is no velticity of approach ; i. e., where the croas- 
stH'tion of the channe] of approach is indefinitely great compared wiffi that of the 
stream of water passing over the weir. 
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[p) From a comparison of a number of experimental data, the anthof 
deduced the following 


Table 15. Approximate values of the eoeflaicieiit m in the 

formula; 


tor weirs of several different shapes and thicknesses. (Original ) 


Hea< 

Feet. 

1, H. 

Inches. 

Sharp Bdae.* 

2 Inohei 
thick. 

3 ru thick ; 
amootb; slop- 
iQg outward 
and downward, 
fron 1 in 12 to 
1 in 18. 

3 ft. thick ; 
amooth ; and 
level. 



m 

m 

m 

m 

J0883 

1 

.41 

.87 

.32 

.27 

a666 

2 

.40 

.88 

.84 

.30 

.25 

8 

.40 

.39 

,34 

.31 

.3333 

4 

.40 

.41 

.35 

.31 

.4166 

5 

.40 

.41 


A2 

.5 

6 

.39 

.41 

.35 

.33 

A833 

7 

.39 

.41 

AS 

.32 

.6666 

8 

.39 

.41 

M 

.31 

A3S3 

10 

.88 

.40 

.34 

.31 

1. 

12 

.38 

.4( 

.33 

.31 

2. 

24 

.37 


.32 

.30 

3. 

36 

.37 

..39 

.32 

.30 


(q) To find the head H, approximately; haring the discharge 
According to formula (3) and (4), Art. 14 (0. 


Q s m L H y'igB. y'Sp' y'H*, — x L 

Hence 

"-V-xW/i ■>» 

or 

Head, H, _ * /square of discharge of stream, in cub. ft. per sec. 
approximately “ \ »i>X length* X 64.4 


* Isq. of discharge^ 

\ X length* 

The coefficient morr itself varies somewhat with the head; but the formula 
mar be usefully employed as an approximation by taking, for sharp^sreated 
weirs, »« -=» u.41.1 {in* =* 0.172) or x =» 3..J3 (x* — 1 1). For other shapes, see Table 
15, abore. 


(r) SubmernT^ weirs. Fig 23 b, are tho'>e in which the surface of the 
doMTi-stream water at A, after the construct ioa 
of the weir, is highei than the crest a. 

In a weir discharging freely Into the air, as 
in Fig. 20, Mr. Francis found that with a head 
of 1 f<M>t the discharge w;i8 diminished only 
about one thousamith part by placing a solid 
horixontal flwjr alsmt 0 inches below and in 
front of the crest of the weir for the water U 


I— 




Fi«r.23b 


Ikll upon. Also, when the head was 10 indies, and the water fell freely' through 
the air into water of considerable depth (a.s in Fig 20), tlie quantity aischarged 
was the same whether the surface of the down-stream water was about 3 inches 
or about 13 fnclies lielow the crest a. 

In experiments by Mr. Francis and by Messrs 7'teley and Stearns, with 'air 
fireely aamiited underneath the falling sheet of water just below the crest a, the 
discharge was not appreciably affected by a submergence of A == from 0.017 rl to 
0.023 H. When air was only partially admitted, the discharge was affected (tf>> 
ereated) by less than one per cent, while A remained less than 0.15 H. 


• These valnes >*-re lower than those given in Art. 14 (m) and («), and much lowU 
than those in fo). 
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Ihabnat’ii formula for MUbmericed weirs. Let 

H and h — the heads measured vertically fioni the crest a of the weir to the j 
surface of still water* up-stream and down-stream from the weir, ' 
rcvsnectively. 

d — H-A- their difierence = the difference in level between the up-stream 
and duwu-stream surfaces of still-water,* 


e 

Then 


>= coetiicient of discharge 


actual discharge 
theoretical discharge* 


^ dj j/2j7;f (9) or: 

Actual dlwcharffe ^ X X 8.025 y'd IbTt.X ( A in ft. -f | d in ft. V 

in cub. ft. per sec. weir in ft. \ 3 } 

(m) JMeNNrH. Fteloy and SilfarnHt experimented at Boston in 1877 with 
fiiibiner^cd weirs under up-stream heads ii from about 4 to 10 inches ; and 
91r. Francis ^ at Lowell in 1883 under heads from about 1 foot to 2 feet 4 
inches. 

From these experiments we deduce the following 

Tabic 1«. of approximate values of the coeflSielent e in the formula for 
discharge over submcr^cil weirs. 


Q-cL^A + |dJ 


Deduced from experiments by Fteley and Stearns and by ,1. B. Francis. In 
Mr, Francis' experiments, tbe value of c for a given value of A -cUgenenUly 
Increased os ii increased. 



Fteley and Steams. 

(H » 0.325 to 0.815 feet.) 

J. B. Francis. 

(H - 1 to 2.32 feet) 

h+n 

e 

e 

.05 


.623 to .682 

.10 

.625 to .686 

.620 to .680 


.618 to .628 

.610 to .625 

.80 

.600 to .610 

Ji98 to .615 

.40 

.590 to *600 

.586 to .610 

.50 

.585 to .695 

.58-6 to .607 

.60 

.583 to .693 

.586 to .607 

.70 

.680 to ..690 

.685 to .607 

.80 

J581 to .691 

.686 to .607 

.90 ! 

.590 to .600 


.95 

.610 to .615 



♦ For vehicity of approach, see Art. 14 (») etc. 

t In deducing this formula, the water that passes over the weir between o and b is 
assumtMi to flow as over a weir with its crest at b, and with free discharge into the air, 
as over tlie crest a in Fig. 20; and for this portitm, by formula (2) in Art. 14 (1), the 
discharge would be : 

Qj— cl| d 

while the water that passes through the lower portion between h and a is regarded as 
flowing through a submerged vertical orifice whose height is 6 a A, under a head 
— d. For this lower portion, therefore, the discharge would be; 

= c L A 

It Is assumed that the coefficient of discharge c is the same for the upper sectJoa 
e b as for the lower one a b. Hence, adding these two discharges together, we obtain, 
for the entire disharge; 

1 Transactions, American Society of Civil Engineers, March, 1883, p. 101, eta, 

I Transactions, American Society of Civil Engineers, Sept, 1884, p. 2M, eto. 
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(f) Mr. Clemenai Herschel* • comparing these experiments with 
mme curlier ones by Mr. Francis, gives the following : 

Having ascertained the depths II and h of the crest below the fitill- 
vater levels up-stream and down-stream respectively, divide h by 11. 
^'Ind the quotient, as nearly as may be, in the column headed A H in 
Cable 17. Take out the corresponding coeflaicient o, and multiply it 
)y the up-stream head H.t 

The product a H is the head which would cause the given weir to 
llscharge the same quantity freely into the air, as in Fig. 20. Find 
;he discharge into air over the given weir with the head a H ; and 
:hl8 discharge will be approximately the same as that of the actual 
mhmerged weir under the up-stream head II and against the down- 
itream head h; or (II being the actual up-stream head on the suh- 
nerged weir) the discharge is 

Q = m Can V2 (j aUz=a>ljaU VoTI (10). 

table: 17. 



a 


a 


a 

.10 

1.000 to 1.010 

.45 

0.894 to 0.9.30 

.72 

0 762 to 0.784 

.20 

0 975 10 0.995 

.50 

0.874 to O.IHO 

.74 

0.747 to 0.709 

.25 

0.9(50 to 0.984 

.55 

().85:t to 0.889 

.70 

0.7.32 to 0.752 

.30 

0.945 to 0.97:5 

.00 

0.829 to 0.80.3 

.78 

0.713 to 0.735 

.35 

0.928 to 0,900 

.05 

o.so:; to «>.8:53 

.80 

0.093 to 0.713 

«i0 

0.912 to 0.940 

.70 

0 775 to 0 799 

1 

1 



(tt) Velocity of approiich. See Fig. 24. It Is generally iinprac- 
Ucable to nieasure the head H' to perfectly 
Mill wdicr o' up-'rtreain. TJio nead is usually 
measured at a point 0, from 2 or 3 to 6 or 
S feet or more up stream from the weir, 
according to the si/e ot tie* lattc'r. At 
such points the \eloc'ii\ is generally ap- 
nieciable, and the Miilaee tlii'ictoie a 
little lower than at o'. Hence a formula 
u.sjiig the smaller head H so measured, 
instead of ir',aTide<H'rtieientshased upon 
li', will gi\e too hinall a discharge. Mr. 
Francis touiid that a current of 1 foot 
per “cooiid, or nearly 0 7 mile per hour, 
at the point « to which the head was 
neasured, increased the discharge but about 2 j«t cent, when the head was 
3 iuche.s; and a current of fi inches per second increased the di.scharge about 1 
er cent, when the head was 8 inche.s. 

If, however, the velocity of approach is such a.s to re(piire consideration, pro- 
eed as follows: For the approximate mean velocity of approach, we have: 



Fig.24 




8 8;iLH2 

“ area of entire cross section of stream at o area at o 


approximate discharge 


od, for the head due to this velocity, A = _ 

ii 2.0 

Then, for all practical purposes, we may say : H' ^ H f h ; or 

Q = m L (H -I- /i) ^^2 oTinrK) = x L (H -I- A)t (11) 

{though, strictly speaking, the difference of level lietween o' and o is really 
u shown in Fig. 24) somewhat grMter than A, or than -*-2 g, because some 
ead is lost in friction between o' and o. A 


• Transactions, American SfK-iety of Civil Engineers, May, IflSfi, pp. 189, etc. 
f Mr. Ilerscbei's table, from which ours is condensed, gives a for every 0.01 foot of 
+ H ; but the values of a inteniiediate of those we have selected may be taken from 
ur table almost exactly by simple proportion. 
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(r) Mesfirfi. Fteley and StearnM make H' = H + 1.5 A for suppressed 
weirs, and H' — H f 2.()5 h for weirs with complete end contractions, as averages ; 
and Mr. Hamilton Smith, Jr.,* after comparing their experiments with others 
by l^sbros, ( astel and Mr. Francis, gives H' ^ H 13/, h, and H + 1.4 A, for 
the two case.s respectively. 


{tv) On the otiier hand, Mr. Francis’ formula, as modified for velocity of 
approach, 

Q = * L t ( TO L t \ (ITT /t)®' — t . . . (12), 

makes the effect of 11' toj than that of H + A. 


(jc) IMeNNrs. A. W. Hunkini; and Frank M. Hart, Civil and Hy- 
draulic Engineers, have substituted for the expression (v'(H + A)* — yTP) in 
formula (12), the equivalent one K FH®, in which K Is a roefficient deduced from 
the former expression, and therefore depending upon the relation between H 
and A, or, ultimately, upon that iieiween the cros.s-section a s Fig. 24 at the weir 
and the eniiie cro.s.'s-sect ion of the stream at 0 

Having found the urea of cross section at 0, divide it by ^L — n which 

is the length of the weir corrected for contraction. See Art. 14 (to). Call the 
quotient i>^ Divide the measured head H by D. Find this last quotient iu 

the colu.Tin of the table. Multiply the approximate discharge, Q » S.33 
— n j ii*,by the corresponding coefficient K ; or 
Actual l>i«cliarice Q = 3.33 K (l - n j H2 (13) 


Table IH. Coefficient K in formula (13). 


H 

1)' i 


H 

D 

1 

j K 

H 

D 

K 

H 

D 

K 

H 

1 ) 


.01 

1.0000 

.09 

1 1.0020 

.17 

1.0072 

.24 1 

1.0143 

.31 

1 1.0239 

.02 ; 

1 0001 

.10 

i 1.002.5 

.18 

1.0081 

.25 

1.0155 

.32 

1.0254 

.03 

1.{KKI2 

.11 

; 10030 

19 

1,(M»90 

.26 ' 

1.0168 


1.0271 

.04 

1.0004 

.12 

' l.OtKtG 

.‘20 

l.OlOO 

.27 

1,0181 

.34 

1.0287 

.or) 

1.0006 

.13 

; 1.0U42 

.21 

1.0110 

.28 

1.0195 

.35 

1.0305 

.06 1 

1,0009 

.14 i 

1 1 0(H9 

.22 

1.0121 

.29 1 

1.0209 

.36 j 

1.0322 

.07 

1.0012 

.15 1 

100.56 

23 

1 1.0132 

.30 

1.0224 

.37 

1.0341 

.08 1 

1 1.0016 

.16 

1 (MF.4 





1 



* “ HydrtiuHi K," John \\ iley A Sons, New York, 1886. 

t If there are end coutiai’tions, L here becomes^ L — w 8®® Art. 14 (m). 


J This formula is deduced ns fitllows : Let the area of the paralndic segment a s o', 
Fig. 24, rejireBent the theo:etieal discharge oM'r a weir one fmit long (as explained in 
toot-note {5 p. 549) under the measured head H a », as though there were no current 
at o, Iiet m « = A = D* t 2 g. The theoretical velocities of the particU*8 passing the 
oblique plane o a under their actual heads, will now he represented by horizontal lines 
s h'\ a a", etc., etc , drawn from every point in « <r to the outer curve a" ; the line • «" 
representing » — velocity ofappniach = V'^gK representing ^2 (H +1JX 

Then, area a" a 

2 2 

=: area m o" o — area m «" » = area of rectangle « « — "g area of rectangle a A 


- “(h + i) \ k 1 ^,= -3 t'2g(»'(H+TI5* -VP)i 

and the actual discharge is 


Q = c X length of weir X area a a" a"a = c L ^ ^ y'(H + A)» — 

- TO L y'2g(^y'(ff~+ A)® — >^A®^ * L ( A)» — 

^ In a weir without end contraction, D = H •+• p. 
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K Is very approximately ^ + 4 " ^ ^ ) Hence 

«=“[>+ HI)’] (''-"1)“^ 

See Journal of the Franklin Institute, Philadelphia, August, 1884, from which 
we condense the above table 


( 14 ) 


{y) M. Bazin, see Art. 14 ( 0 ), provides for the velocity of approach by modi- 
fying the coefficient m instead of the head IT, making m = 0 42fi + 0.21 | p j ; 
while by Messrs Hunking and Hart’s method (based upon Mr. Francis’ experi- 

( Ij \ 2 

) • 


Art. 15. Incline*! weirs. If the up-stream face of the weir, instead 
of being vertical, as in Fig. 2 .), is inclined up-stream, as in big. 25 0 , or down- 
stream, as in iMg. 25ft, the character and amount of the discharge are modified 
With an up-stream inclination (I ig 25«)the lower side of the sheet of water 
jaassing over the weir leap.s liigher, and tends more and more up-stream as the 



inclination is increased With a down-stream inclination (Fig 2''>f>),on the con- 
trary, as the inclination increases the upward leap of the sheet decreases, its 

S rofile becomes more and more flattcnoa, and the curie ol ihe upper surface, 
ue to the fall, extend.s farther up-stream from the ciest of the weir. 

An up-stream inclination (Fig 25 0 ) decrease-s, and u down stream one (Fig. 
25ft) increases, the discharge, as is indicated by the following coetlicienis ob- 
tained by M. H, Bazin :* 

For tihe dineharicr ovor an incltiied wolr. having ascertained the 
discharge over a vertical w'eir of the same height and head and under similar 
oonditions in other respects, multiply the discharge over the lerticul weir by 
the following approximate coefficients - 



1 Inclination. | 

1 Angle j 

Coef- 

ficient. 

Horirxmtal. 

Vortical. 

with hor. 

with veil. 



1 

1 

4.50 

450 

0.93 

Weirs inclined up- 

1 

f 

1 

56<5iy 

3;t^4i' 

0.94 

stream, Vig. 25 a..., 

1 







1 

1 

1 

71° S4' 

180 26' 

0 96 

Vertical weirs, Fig 25.. 


0 

1 

90° 

00 

1.00 

1 



1 

710 84^ 

180 26' 

1.04 

Weirs inclined down- 1 



1 

66 ° 19' 

33041 ' 

1.07 

stream, Fig. 25 ft.... 


1 

1 

4.50 

450 

1.10 



2 

1 

260 34 / 

630 26' 

1.12 


• “Experiences Nonvellee sur l’l5conlement en D 6 vertioir,” 2e Article; “ Annalw 
iee PoPte^ Chau^w^ January, 1890, translated In Prtjceedingt), EkgmMn' Clvb <if 
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The discharge will be inorbased also if the Inner corner or edge of the crest 
be rounded off, instead of being left sharp; or if the sides of the reservoir con- 
verge more or Jess as they approach the weir, so as to form wings lor guiding 
the water more directly to it; or if ab. Fig 20, be less than twice a m, indeed, 
so many modifying circumstances exist to embarrass exMrinients on this and 
similar subjects that some of those which have been made with great care are 
rendered inapplicable as other than tolerable approxiinatious, in consequence 
of the neglect to take into consideration some local peculiarity which was not 
at the time regarded as exerting an appreciable effeet. I nless, therefore, cir- 
cumstances admit of our combining all the conditions nicutioued in Art. 14 (d), 
if) and (m), pp. 647, 548 and 550, thereby securing very approximate results, we 
must either resort to an actual measurenieiit of the discharge in a vessel of 
known capacity ; or else be content with rules which may lead to errors of f>, 
10, or more per cent in proportion as we deviate from these conditions. Fre- 
quently even 10 per cent, of error may be of little real importance. 

Remark 1. When the water, after passing over a weir. Fig. 26, instead of fall- 



Flg. 20. 


ing freely into the air, is carried away by a slightly inclined apron or trough, T, 
the door of which coincides with the crest a, of the weir, then the discharge is 
not aupreciablv diminished thereby when the head a rn, is 15 inches or more. 
But it the head a m is but 1 foot, then the calculated discharge must be reduced 
about one-tenth; if ti inches, two-tenths; if 234 inches, three-tenths; and if 1 
inch, tive-tenths, or one-half, as approximations. 

Remark 2. Professor Thomson, of Dublin, proposed the use of triangular 
notches, or weirs, for measuring the discharge . inasmuch as then the periphery 
always bears the same ratio to the area of the stream flowing over it ; which u 
not the case with any other form. Experiment ing with a right-angled triangular 



Fig. 20 A. 


notch in thin sheet-iron, Fig. 26 A, with heads of from 2 to 7 inches, measured 
vertically from the bottom of the notch to the leveJ miface of the water, he 
found discharge in cubic teet per second = .0051 X Fi’i'th power of Head in inohea. 
* 2.54 X Ffiftii'pdwer of heacniTfeet * Or, in genet ul, if w — coefficient of 
contraction (Art. 9, p 541) T= tangent of % the angle of the notch 
= % width of wat<*r-.surface — the depth in the notch, g — the accelera- 
tion of gravity = say 32 2 feet per second, and h=the head, measured 
as above; then 

Dhsebarge = T y'lghh * = 4 28 T * 


t constructing the irrigating canal, Canale Villoresl, near Milan, 

In 1881-4, the Italian engineer, Cesare I'ippoleiti.f adopted a trapesoldal 

notch, with its bottom edge horizontal and its ends sloping at in 

order to avoid the necessity of either suppressing or allowing for end contrac- 
tions. (See Art. 14 c, p 647, and m, p 550,) The contraction was found to affect 
only the triangular spaces over the sloping ends of the weir, and the effecUve 
length of the weir thus remained constant land equal to the length of tha bot- 
tom edge) for all heads. In using these weirs tlie contraction is complete alons 
the bottom as well as at the ends. ® 


• For such roots see p. 68. 


1886 

L. 

Oolorado, October, 1890. 
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. OH THE FliOW OF WATER IH OPEH CHAHHELS. 

Art. 16. Tbe mean reloetty of flow is an imaginarj uniform one^ 
which, if given to the water at every point in the cross section, would give thi 
tame dUduarge that the actual ununilorm one does. Or 

, volume of discharge 

mean veloelty *= , 

area of cross section 

In channels of uniform cross section, the maxlmam velecity is found 
about midway between the two banks, and generally at some dist below the sur- 
face. Tins dist varies in diff streams ; but, as an average, it seems to be about 
one third of the total depth. Where the total depth is great in proportion to 
the width, (say } the width or morel, the max vel has been found as deep as 
midway between surf and bottom; wliile in small shallow streams it appears to 
approacn the surf to within from .1 to .2 of the total depth. Many experimenta 
upon sliallow streams have indeed indicated that the max vel was (U the surf. 

< The ratio between the velocitieA in different parts of the 
erosts weetlon varies greatly in difT streams; so that hut little dependence 
can be placed upon rules for obtaining one from the other. With the same surf 
vel, wide and deep streams have greater mean and bottom vels than small shal- 
low ones. In order to approximate roughly to the mean wel when 
the greatest surl vel is given, it is frequently assumed that the lormer is = J 
(or .8) of the latter. But Mr. Francis found, in his experiments at Lowell, tliat 
turface floats of wax, 2 ins diarn, floating down the center of a l ectangiilar flume 
10 ft wide, and 8 ft deep, actually moved about G per ceul Ahwer than a tin tulie 
2 ins diam, reaching from a few ins above the surf, down to Aiihm ins ofthe 
bottoin of the flume; and loadcnj at bottom with lead, to insure its mamiaiuing 
a nearly vert position. While the wax mrf float moved at thi* late o( .’1.73 ft per 
.iec, tho rate of the tube (which was evidently very nearlv the same* as that of 
the center tierf thread of water) was 3.98 ft per sec. Also, that in the same flume, 
with vels of the center tube varying from l.S.'i to 4 ft per sec, the vel of the tube 
was less than that of the mean vel of the entire cross section ot water in the 
flume, about as .96 to 1, for the lesser vel; and .93 to 1 for the greater vel. 
While, in another rectangular flume 20 ft wide and 8 ft deep, wiih vels varying 
from 1.16 to 1.84 ft per sec, that of the tubes was greairr llian that of the entire 
mass of water, about as 1.04 to 1. In a flume 29 ft wide, ii;^ 8.1 ft deep, with vels 
of about 3 ft per sec, it was as 1 to .9; and in a flume ft wide, by 8.4 fl deep, 
with vels of about 3^ ft per sec, as 1 to .97. 

Charles Ellet, Jr, C E, found in the MiMNiNHippI at diff points 
oo the river, in depth.s varying from 54 to 100 ft; and in currents varying from 
8 to 7 miles an hour that the speed of a float supporting a line .‘>0 ft long, is al- 
most always grea er than that of the surf float alone.” The same results were 
obtained with lines 2.5 and 75 ft long ; the excess of the sp<*ed of the line floats 
being about 2 per cent over that of tiie simple floats: and Mr. Eliet concludes 
therefore, that the mean vel of the enure cross section of liie Mississippi, instead 
of Mag less, is ahsohitely greater by about 2 per cent, than tbe mean surf vel. 
He, however, employed .8 of tbe greairsi surf vel as representing approximately, 

in bis opinion, the mean vel of the entire cross section of water. In s/talloa 
streams, he always found the surf float to travel more rapidly than a line float. 

European trials of the metm vel of separate single verticals, in tolerably deep 

nave lesuUed In Irora lo m tbe surf at each vcrVica\. Ibe mean 
of all may be taken at .9. 

Bottom velocity. In streams of nearly uniform slope and cross section, 
there is a great reduction of vel near the bottom. As a very rough approxima- 
tion, the ^epest measurable vel, in streams of uniform slope etc, appears to be 
from i to f of the mean vel. 

Art. 17. To mcaanre the warfaec velocity, select a place where 

the stream is for some dist (the longer the better) of tolerably uniform cross 
section; and free from counter-currents, slackwater, eddies, rapids, etc. Ob- 
serve, by a seconds-watchjOr pendulum, how long a time afloat (such as a small 
block of wood! placed in the swiftest part of the current, occupies in passing 
through some previously measarw dist. From .50 feet for slow streams, to 150 ft 
for rapid ones, will answer very well. This dist in ft, or ins, div by the entire 
number of second** reqd by the float to traverse it, will give tbe greatest surf vel 
in ft or ins per sec. 

Theaurf velMhonld be meaad in perreetly calm weather* 

BO that the float may not be disturbed by wind ; and, for the same reason, the 
float should not project much above the water. The measurement should be 
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repeated several times to insure accuracy. In very small streams, 
the banks and bed may be trimmed for a short dist, so as to present 
a uniform channeJ-way. The float shouid be placed in the water a 
little dist above the point for commencing the observation ; so that 
it may acquire the full vel of the 
w'ater, before reaching that point. 
Art. 18. To arnuRe a stream 
by meniiK ol its velocity. Select 
a place where the cross-section remains, for 
a short distance, tolerably uniform, and free 
from counter-currents, eddies. Still water, or 
other irregularities Prepare a careful cross- 
section, as Fig 27 By means of poles, or 
buoys, n. n. dlride the stream into sections, a, h, c, &c Plant two range-polea, 

R K. at tlie upi^er end, and two others at the lower end. of the distance through 

which the floats are to pass: for observing, by a seconds watch or a pendulum, the Utrm 
which tliey occupy in the passage Tlien measure the mean velocity of each section 

a, h. C, Ac . separately, and directly, by means of long floats, as F L, reaching to 

near the bottom: and projerting a hide above the surface. The floats may be tin 
tubes, or wooden rods; weighted In either case, at the lower end, until they will float 
nearly vertical. They must bo of different lengths, to suit the depths of the different sec- 
tions. For this purpose the float may be made in pieces, with screw-joints. The area 
of each separate section of the stream in Sfluute feet, being multiplied by the obtferved 
mean velocity of its water in feet per second, will give the discharge of that section 
In cubic feet per second And die disciiarges of all the separate sections, t hus obtained, 
when added together, will give the total discharge of the stream. And this total dis- 
charge. divided by the entire area of cro&s-sertion of the stream in square feet, gives 
the mean velocity of all the water of the stream, in feet per second. 

If tli6 is In common cnrtli, espedalty if sandy 

the loss by soakage into the soil, and by evaporation, will frequently abstract so 
much water that Uie diach will gradually lieconie less and less, the farther down 
stroani It is measured. Long canal feeders thus generally deliver into the canal 
but a small proportion of tlie water that enters their upper enda 

The doable float is used for ascertaining vels at diff deptha It consists 
of a float resting upon the surface of the water, and of a heavier body, or ** lower 
float ", which is suspended from the upper float by means o/a cord. The depth 
t the lower float of course depends upon the length of the suspending oocd 
^which msy be increased or diminished at pleasure until the lower float ia he- 
fieved to he at that depth for which the vm is wanted), and upon its straight- 
ness, which is more or less affected by the current. Owing to this latter cUrcum- 
stance^ it is difficult to know whether the lower float is really at the proper 
depth. Moreorer it is uncertain to what extent the two Boats and the string 
Interfere with one another's motions. In deep water the strlM may oppose a 
ireater area to the current than the lower float itself does, U thus becomes 
couhlful to what extent the vel of the upper float can be rehed upon as indicat- 
ing that of the water at the depth of the lower one. 

Art Id. ramtrllPi Qnadriint or hydrometrlc pendii)iiiD« 

consisted of a metallic hall suspended by a thread from the centerofn graduated 
arc. The instrument was placed in the current, with the arc parallel to the 
direction of flow ; and the vel was then calculated from the angle formed be- 
tween the thread and a vert line. 

Qantliey'fS nreHMir<^ plate was a sheet of metal suspended by oneof its 
end.s, about which it was letf free to swing. The plate wa.s immersed In the 
stream, with Its face at right angles to the current. The vel was estimated by 
means of the weiglit required to make the plate hang vert in opposition to the 
force of the current. 

Pitot'a tube wa.s originally a simple glass tube, Fig 27 A. open 
at both enda and bent in the .shape of the letter L, One leg of the 
L was held horizontal under water, with its oj)€n end facinc the 
current ; and the velocity r at tin- p<»int o where it was placed was 

measured by the vertical height h ^theoretically = which 

the water rose in the other leg above the surface of the stream. ^8* 
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All developed by M. Dorcy and by Prof. N. W. Robinson,* and 

rudely indicated in rig. 27 B, Pitot's tube consists esseti' 
tially of iwo horizontal glass or metal tubes a and b, of 
very small bore, placed side by side in the current and 
pointed up-stream. Tube a rt‘cci\e8 tlu' current in its 
open up-stream end, while b is eloped at its up-stream 
end, and has small /«/««/ ojienings only The otiier end 
of each tube communicates, bj moans of Mnnll metal or 
rubber j^dpiii};, with one legolVui iinerted 1 'Imped glass 
gauge hs.cd in a boat or on .slmie. l or coiiiejiiemr, ihe 
two tlexible pijies ma_\ be joined together iiiKtoiie double 
pipe. By sucking ibrougli a stop c\»ck f at the top, water 
is drawn up to any eonveiiient height in the two legs of 
the gauge. When meaauting the flow m pipes under 
pressure, such suetioii is niinecessarj . and a I' .‘-hajH'd 
manometer is commonly used, ibe I Is iiig tilld with a 
liquid heav'iei than w'ater. When tlier<* is nocuMent, the 
two columns of course stand ai tlnaanii' level; but, when 
a current is flowing, they stand at ditf levels, a.s lu Fig 
27B, and the velocity is given by the equation, r -sr) 2 g h 
where A = the diff of level of the two column-tops, r = the vtd of the watei at 
the point where it impinges upon tube a, g — acceleration of gravity — 32 2 ft 
(9.81 meters) per sec per sec, and c ^ an experimental coefficient, found prefer- 
ably by rating the apparatus in a current of known vel. W'beti the hor end of 
tube h is drawn fo a long, smooth, fine |>oint, facing the current, and its (tan- 
gential) Orifices are placed at some dlst down-sireara from said point ami are 
made smidl, and their edges carefully sraoothd, to avoid disturbance of flow, the 
coeff c approximates very closely to tiimy, so that, for practical purposes, 
V = \2gh7 The iustrumenf is remarkably simple and accurate, and can be 
uw*(l in very narrow and shallow streams of water or of gas. It measures velo- 
cities as low as 4 inches per second. 

In practice, o and b are fixed together in one piece, and placed, when in use, 
In a metal frame which slides vertically, either upon a wire passing through it 
and provided with a plummet which re.sts upon the bottom and kee^is the wire 
stretched, or (in streams shallower than alxipt 20 feet) ujHm a vertical wooden 
rod, the lower end of which holds in the lied of the .stream. In the former case, 
the frame is provided with a long Vane for keeping the instrunipni headed up- 
streanL In either case, means are provided for showing the depth to which the 
instrument Is submerged 

By making the gauge scale adjustable vertically, and placing it (at each change 
of aepth of Instrument) with its zero opi>OKite the top of the lower column, we 
obviate the neoessitv of observing the height of both columns at each reading ; 
for the reading of the upper column alone then gives the bead h at ouce. 

Art. 20. The wheel meter consists of a wheel which is turned by the 
current, and which communicates its motion, by means ot its a.vie and gearing, 
to indices which record the number of revolutions. The instrument may w 
clamped to any part of a long pule reaching to the bottom of a stream, and thus 
may be used at any depth The observer, by means of a wire, rod or string 
reaching down to the instrument, throw.s the registering apparatus first into, 
and then oat of, gear with the wheel (applying a brake to the former at the 
instant it is thrown out of gear), and carefully noting the times when he does 
so. The instrument is then rals^, the numlier of revolutions in the mea.sured 
time is read off from the indices, and from it the velocity i.s calculated Hut the 
meter is often made nelf-rngrlNtoriiigr ; the wheel, at each revolution, auto- 
matically breaking and re-establishing a galvanic current generated by a bat- 
tery. The wire carrying this current is thus made to operate Morse telegraphic 
raftering apparatus placed in a boat or on shore 

A number of meters, so arranged, can be attached at different points on the 
same pole at the same time, and thus MiiniiltniieoiiN obiaervalions of 
▼elocUie* at different depthH may lie made and registered. 

Meters are asually so arranged as to swiug freely alwut the long vertical pole 
to which they are clauiiied, and are provided each with a vane or tail similar to 
that of a windmill, for keeping the wheel in the proper position as regards the 
current. The wheels are generally made like those of a windmill; i. «., with 
blades set at such an angle as to present a sloping surface to the current ; and 


♦See Van NostrandN Magazine, March, 1878, and August, 1886. 
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with the axis of the wheel parallel to the direction of flow. The axis runs ix 
a^ate bearing When desired, the rim of the wheel is furnished with an air- 
chamber which iust counterbalances the weight of the wheel, and thus removes 
journal friction due to it. Meters provided with electrical registering apparatus 
sometimes have the gearing and indices, etc., enclosed in a glass case, to prevent 
them fron> becoming clogged by weeds, sediment, etc, 

A wheel meter Ih rated l)y moving it at a known velocity through still 
water, and noting the effect produced. In this way a coeflacient is obtained for 
each meter, which, when multiplied by the number uf revolutions recorded in 
any given v.‘BBe, gives the velocity for that case. 

Kem. 1. Care mnat be taken that the bottom wel is not so 
{^reat as to wear away the soil. If tliere is any such danger artificial 
means must be applied to protect the cbaunel-way ; or it may be advisable to 
reduce the rate ol lull, and increase tlie cross seciiou of the channel; so as to 
secure tl»e same discb, but with less vel. A hlierul increase should also be made 
in ilie diniensiuus of sucli channels, to compensate for obstructions to the flow, 
arising Iroiii the growtli of aquatic plants, or deposits of mud from rain- 
washes, etc ; or even from very strong winds blowing against the current. 


Kkh. 2 . Water riinninp: in a channel with a horizontal bed, 
or bottom, cannot have a uniform vcl, or depth, throngrh- 

oiit its course; because the action of gravity due to the lucliued plane of a 
sloping liottoni, is wanting in this case; and the water can flow only by forming 
Its into an inclined plane; which evidently involves a diminution of 

depth at every successive distlrom the reservoir. 


For theory of flow in long pipes and chanuels, mean velocity, distribu- 
tion of velocity in cross section, (Jliezy formula, friction factor, exponential 
formulas, see pp 527, etc. 


For Kiitter*s formula, see pp 523, 564, etc. 

llazin's Formula for Flow in C’hannels. Aimales des Fonts et 

(,'hauss6es, 1897, 4e trimestre, p 40. 


In the Cher.y formula, v ~ c ijr.f where; (see p 528 \ 
t' mean velocity ; 

cross section area 

r =s mean radius = ; 

wet perimeter 
, friction head 

' = - fergih - 

M. Bazin considers c independent of the slope, and gives : 


For EiiipliNh meaNurc, 

87 

c -= 

0 552 f --- 

4 r 


For metric measure, 

87 


1 


y 

4 r 


where y has the following values ; — 

Very smooth surfac'es, cement, planed wood, etc., y = 0.06 
8m(K)tli surfaces, hoards, brick, cut stone, etc., y — 0.16 
Ashlar Masonry, y = 0.46 

Earth, very smooth, or paved with dry stone, y = 0.86 
Earth, in ordinary conaition, y == 1.30 

Earth, very rough, y = 1-75 

“ In measuring the slope of a large river, the ordinary errors of the most ear*- 
ful leveling are a large proportion of the whole fall ; the variation of level in the 
cross section of the surmce is often as great as the slope for ten miles or more; tha 
exact point where the level should be taken is often uncertain : the rise and fall 
of the water makes it extremely difficult to decide when the levels should be token 
at the upper and lower points ; waves of translation may affect the inclination to 
a great and uncertain degree, and may even make the s'lrfaoe slope the reverse 
way." GenL T. G. Ellis, Traus Am Soc Civ Eugrs., Aug 1877. 
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Katter'H Formula. 

See alao p 523. For theory of flow in long plpea and cliannela, aee p 527. 
Gangnillet and Kii tier sought, to eatabliah a formula for the value of c in the 
Cbeey formula ; 

V - e 


where v — mean velocity ; r 


t ~ slope = 


friction head 
length 


. . arcH 

mean radius — ^ — 

vref perimeter 


The earlier hydraulicians gave (each according to th« reaulrs of his investiga* 
tions) fijxd values for the eoelTc. (generally about 95 to 100 for channels 
in earth or gravel, hs in our eaily tHiitions), malting it, in other words, a con- 
ftont, and iudepeudent of the shape, size, slop<> and roughness of the channel. 
But more recent investigators ha\e shown that the coelheient c is affected hy 
differences in any of these particulars 

According to the formula of tianguillet and Rutter (generally called, lor eon* 
^enieiice, “Kutter's formula***^ the value of r is ; 


For Ens:ll«h measure. For metric meafinre. 


8lo|)e n 


28 + "’“+i 

slope n 




i/inean rad In feet 


1 + -- - 

l/mean rad TnTncf res 


Tables nrlvlna valnea of e for difT grades, mean radii and degrees of 
fongbness, and for English and metric measures, are given on pp 566, etc. 

♦ Here n is a ** eoeflioient of roujphneHH’’ of sides of channel as given 
below. These values of n weie obtained from experience, liy averaging a large 
number of experiments made under very different circumstances. Tliey ihere* 
fore eiiitsrace all the disturbing effects arising from obstructions existing upon 
the bottom and sides of the channel in the cases experlmentisi upon. In small 
artificial cimnnels of unirorm cross section and slope, these obstructions may be 
said to consist entirely of the comparaiively minute roughnesses of the uuifm'dl 
of which the bed of the channel consists. But in rivers and earth canals, even 
where the gerieral direction, slope and cross section are tolerably uniform, (a** 
they were in the eases upon which our list is based), then* are still many con- 
siderable irregularities in the sides and bottom ; and these exert a much greater 
retarding effect uyvm the mean vel than the mere ronghvcfa of the material of 
the banks. We therefore find lar^r values given lor n in such cases than for 
small regular artificial channels, although the material of the sides etc was in 
many cases smooth mud; and we must not apply to such comparatively irregU' 
lar channels the small values of n obtained by experiments with small and care- 
fully made straight flumes of uniform section and sloyie, even if we suppose the 
bottom and sides of tlie former to be made as snnwith as those of the latter. 

No general formula is applicable to cases of derided beiidn in the course 
of a natural stream, or of insrke<l irrevularltieta in the erosm Men- 
tion. Such cases would require still higher coefficients n than those here given 
for rivers and canals: but they would have to be ascertained by experinient for 
each case, and would be useless for other cases. For such streams we must t here- 
fore depend upon actual measurements of the velocity, either direct or by means 
of thedisch. 

♦See “Flow of Water,” translated from (langtiillel and Kutter, by Rudolph 
Bering and John C. Trautwine, Jr., New York, John Wiley & Sons, 1889. $4.0(1. 
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There Is much room for the exercise of Judgment in the selection of the 
proper coeflicient n for any given ease, even where the (Windltion of the 
chanuel is well known. It may frequently be necessary to use values of n inter- 
mediate between those given • for careless brickwork mav be rougher than well 
finished rubble; aide slopes in “very firm giavel “ may have very diff degrees 
of roughness; etc etc. The engineer should make lists of values of n from his 
own experience, lully noting the peculiarities of each case, and calculating n 
from the tables. 

A given diif in the deg n of roughness exerts a much greater effect upon the 
coefficient c, and thus u|)on the velocity, in small channels than in larger ones. 
It is therefore especially necessary in small channels that care be exercised in 
finding (by ex^riment if necessary) the proper value of n; and, where a large 
disch is desired, the sides of small chaunels should be made particularly smooth 

Table of n, or coefficient of rongrtaness. 

In any given case the value of n is the same whether the mean 
radius is K;iveu in English, metric or any other measure. 


Artificial channels of uniform criMis section. 

Sides and bottom of channel lined with , n =3 

well planed timber 009 

neat cement (applies also to glazed pipes and very smooth iron pipes). .010 
piaster of 1 measure of sand to 3 of cement ; (or smooth iron pipes). .011 

uuplaned tiiulier (apfilles also to ordinary iron pipes) 012 

ashlar or brickwork 013 

ruitblc - 017 

Channels subject to irregularity of cross section. 

Canals in very firm gravel 020 

Canals and rivers of tolerably uniform cross section, slope audduection, 
in moderately gcM/d order and regimen, and free from stones and 

weeds 025 

having stones and weeds occasionally 030 

in bad order and regimen, overgiown with vegetation, and strewn 
with stones and detritus. 035 

Art. 22. The follow'iiig tables give values of the coefficient 

e as obtained by Rutter's formula for ditf slopes mean radii (K) and degrees 
ol roughness (n).* 

t'autlon. Different values of c must be used with English and with metric 
n.easures. We give tables fur both measures. 

1st, Having the slope S, the mean rad R and the deg « of roughness; to 
lind the eoelTc. Turn to the division of the table eorresponding to the 
given slope S. In the first column find the given mean rad, R. In the same 
hue with this U, and under the given n. Is the proper value of c.* 

2d. Having the slope S, the mean rad R and either c <)r the actual or reqd 
vcl v; to find the actual, or the greatest permissible, deg n of 
roughness of channel. If the vel is given, and not c, first find 

r , Turn to the division of the table corresponding to 

l/^opo V hioan radius 

the given 8, and in the first col find the given R. In the same line find the 
value given, or just obtained, for 0 ; over which will be found the reqd n.* 

3d. Having the slope S, the deg s of roughness, and the actual or required 
vel v; to find the actual or uecessary mean rad, R. Assume a 
mean rad ; and from the division of the table <>oi n-sponding to the given 8 take 
cut the value.of 0 corresponding to the given n and the assumed R. Then say 

r' r so found X ) ^assumed mean radius X slope 


*lt is otteii necessary to iuieriiolate values of S, R, n and e iutermediate o| 
those In the tables ; this may be done mentally by simple proportion. 
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If this v' is the same as the ^iven vel, or near enough to it, take the assnraed B 
as the proper one. Otherwise, repeat the whole pioceas, assuiiiing a new B, 
greater than the former one if v' is less than the given vel, and vice versa.* 

4tli. Having the dimensions of the welted portion (aftcoFig C, p 628,1 of 
the channel, the degn of roughness, and the actual or reqd vel; to flad th€ 
actual or neceasary slope, S: 

_ area of wet cross section 

Find the mean rad, R j ^ : . — — - 

length, abco, of wet perimeter 

Assume one of the slofies of the taiih's to he the proper one. From the 
oorresponding division of tiie table take out the value^uf c corresponding to the 
given R and n. 

If R is 3.28 feet, or 1 metre, the value of c thus found is the proper one (Ijo* 
cause tlien c, for any given n, remains the same for all slopes) ; and the slope, 
may be found at once, thus: 

\c X l/mean radius/ 

Bat If R is greater or less than 3.28 feet, or 1 metre, say 

r' ■» c thus found X l/meaii 'radius X burned sloj^ 

if this o' is near enough to the given vel. take the assumed 8 as the proper one. 
Otherwise, assume a new S, feeder than the former one if v' is Ism than the given 
vel, and vice versa; and repeat the whole process.* 

• It U aft«B oeoeMw; to loterpolote vkIdmoT S, K, m aw) e IntermedUte of Umm in the tahlM. 
This my be dona BMDtaUy by simple proportion. 


Tables of eoeffieient e, 

for mean radii m feel, and for mean radii in meters. 
Table It for mean radii in FEET. 

(For table with mean radii in vitins, w'e pp 569, 570.) 


Mean 
rad R 
FEEl 

.009 

.010 .011 

Coefficients ii uf roughness 
.012 |.013 1 .015, .017 i.02U ,.025 

.030 

.035 .040 

Mean 
rad B 
FEET 


c 

c c 

e 

« 

€ 

e 

e 

C 

c 

c e 


.1 

66 

67 50 

44 

40 

.33 

28 

23 

17 

14 

12 10 

.1 

a 

87 

75 67 

69 

.53 

45 

38 

31 

24 

19 

16 14 

A 

A 

111 

97 87 

78 

70 

69 

51 

42 

32 

26 

22 19 

A 

A 

127 

112 100 

90 

81 

69 

GO 

49 

38 

.31 

26 22 

.6 

A 

188 

122 109 

99 

90 

77 

66 

65 

43 

.3.5 

.30 25 

.8 

1 

148 

182 118 

108 

97 

83 

72 

60 

47 

88 

82 28 

1 

1.5 

166 

148 133 

121 

111 

95 

83 

69 

66 

45 

88 83 

1.6 

2 

179 

160 144 

131 

121 

104 

91 

77 

61 

,50 

48 87 

2 

Z 

1971 

1177 160 

147 

i:« 

U7 

103 

88 

70 

59 1 

GO 44 

3 

8.28 

201 

181 164 

151 

Vi9 

121 

106 

91 

72 

60 

! 52 46 

3.28 

4 

209 

188 172 

158 

140 

127 

113 

96 

78 

G5 

1 56 49 

4 

6 

226 

206 188 

174 

161 

142 

126 

108 

88 

74 

i 64 57 

6 

8 

288 

216 199 

184 

171 

151 

1/15 

117 

96 

82 

71 6ii\ 

8 

20 

246 

225 207 

192 

179 

159 

142 

124 

102 

87 

; 76 68 

10 

12 

258 

231 214 

198 

186 

166 

149 

129 

107 

92 

: 81 72 

12 

18 

268 

242 223 

208 

195 

174 

1,57 

138 

115 

100 

' 88* 79 

16 

20 

271 

249 231 

215 

202 

181 

1164 

144 

121 

106 

1 94 84 

20 

80 

283 

26] 248 

228 

215 

193 

1176 

157 

133 

117 

104 95 

80 

60 

297 

274 a57 

241 

228 

207 1 

|190 

170 

147 

130 

117 107 

50 

76 

806 

284 267 

251 

238 

2171 

1200 

180 

157 

140 

127 i 117 

mrm 

100 

812 

290 273 

257 

244 

228 

'207 

187 

163 

147 

184 124 
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fabl« 1, of coeflioioiit e, for meon vpulll In FEET.— Concl'd. 



Mean 




Coefficients n of rouebness. 



Mean 

5 

rad B 













insdR 


FEE1 

.009 

.010 

.011 

.012 

.013 

.015 

.017 

.020 

.025 

.030 

.035 

.040 

FEET 

fa 


e 

c 

e 

c 

e 

e 

c 

c 

c 

e 

C 

C 



.1 

104 

89 

78 

69 

62 

50 

43 

.34 

25 

19 

16 

13 

.1 

^ s< 

.15 

116 

101 

90 

80 

71 

59 

50 

40 

29 

23 

19 

16 

.15 

a £ 

.2 

126 

no 

97 

87 

78 

65 

54 

44 

32 

25 

21 

18 

.2 


.3 

138 

120 

107 

96 

87 

73 

62 

50 

J17 

30 

24 

21 

.3 


.4 

148 

129 

115 

104 

94 

79 

68 

55 

42 

.33 

27 

23 

.4 


.6 

157 

140 

126 

113 

103 

87 

75 

62 

47 

88 

81 

27 

.6 


.8 

166 

148 

133 

121 

no 

93 

81 

67 

61 

42 

S5 

30 

.8 


1 

172 

154 

138 

125 

115 

98 

85 

70 

55 

45 

.37 

.32 

1 


1.5 

183 

164 

148 

135 

124 

106 

93 

78 

61 

50 

42 

37 

1.5 

11 ^ 

2 

190 

170 

154 

141 

130 

112 

98 

83 

66 

.54 

45 

40 

2 


3 

199 

179 

162 

149 

1.38 

119 

105 

89 

71 

59 

51 

45 

3 


4 

204 

184 

168 

1.54 

142 

124 

no 

94 

76 

63 

55 

48 

4 


6 

211 

191 

175 1 161 

149 

130 

116 

99 

81 

69 

60 

63 

6 

6 II 

10 

219 

199 

183 i 168 

157 

138 

123 

107 

88 

75 

66 

59 

10 



227 

207 

190 

376 

164 

146 

131 

115 

96 

83 

73 

66 

20 


50 

235 

215 

198 

184 

173 

1.54 

m 

12.3 

104 

91 

82 

75 

.50 


mssm 

289 

219 

203 ; 189 

177 

158 

143 

127 

108 

9() 

87 

80 

100 

"oS 

n 

110 

94 

83 

73 

65 

54 

45 

:46 

27 

21 

17 

14 


- S 


129 

113 

99 

89 

81 

66 

67 

4.5 

34 

27 

22 

18 


a 


141 

124 109 

98 

89 

74 

63 

51 

.39 

W 

25 

21 

.3 

SjJ 


150 

131 

117 

105 

96 

80 

69 

56 

4,3 

34 

28 

24 

.4 



161 

142 

127 

115 

104 

88 

76 

63 

48 

39 

32 

27 

.6 

K 

HI 

169 

150 

134 

122 

111 

94 

82 

68 

52 

42 

,35 

30 

.8 

9 II 

1 

175 

155 

139 

127 

116 

99 

86 

71 

60 

45 

38 


1 


1.5 

184 

165 

149 

1.36 

124 

108 

93 

78 

62 

.50 

43 

i 37 

1,5 

|| ' 


191 

171 

155 

142 

130 

112 

98 

83 

66 

54 1 

46 

40 

2 



199 

179 

163 

149 

138 

119 

105 

89 

71 

59 ' 

51 

45 

3 

li.2 

IKB 

204 

184 

168 

154 

142 

124 

no 

93 

75 

6.3 

54 

1 48 

4 



2II 

190 

174 

160 

1491 

130 

116 

99 

81 

68 

59 

62 

6 

» II 

10 

218 

197 

181 

167 

155 

i:46 

122 

105 

87 

74 

1J.5 

68 

10 

ke 

20 

225 

205 

188 

175 

163 j 

144 

129 

11.3 

94 

81 

72 

65 

20 


50 

232 

212 

196 

182 

170 1 

1.51 

137 

120 

1 101 

89 

79 

72 

.50 

«s 

100 

236 

216 

200 

186 

!174i 

155 

141 

124 

1 105 

94 ; 

85 

77 

100 

d 

.1 

[no 

95 

83 

74 

66' 

Hm 


“361 

27' 

21 

1 17' 

14 

.1 


.15 

122 

105 

93 

a3 

75 

62 

52 

42 1 

31 

24 

20 

17 

.15 

Sa 

.2 

130 

114 

100 

90 

81 

67 

67 

46 

34 

27 

22 

19 

.2 

Si a 

.3 

1143 

125 

111 

100 

90 

76 

64 

52 

39 

31 

25 

22 

.3 

^ k 

.4 

161 

133 

119 

107 

98 

82 

70 

57 

44 

35 

29 

24 

.4 

0< 
a ^ 

.6 

162 

143 

129 

116 

106 

90 

77 

64 

49 

39 

3:1 

28 

.6 


.8 

170 

151 

135 , 121 

112 

9.5 

821 

68 

58 

43 

35 

31 

.8 

o<S 

1 

175 

156 

141 

128 

1117 

99 

87 1 

72 

56 

45 

:38 

33 

1 

Is 

1.5 

185 

165 

149 

136 

125 

107 

94! 

79 

62 

51 

43 1 

37 1 

1.6 

e-g ■ 

2 

191 

171 

155 

142 

130 

112 

99 

83 

66 

65 

46 1 

40 1 

2 

II 

o It 

8 

199 

179 

162 

149 

138 

119 

105 

89 

71 

.59 

61 

45 

3 


3.28 

201 

181 

164 

151 

1.39 

121 

106 

91 

72 

60 

62 

46 

3.28 

>§ 

4 

204 

184 

167 

154 

142 

123 

109 

93 

76 

68 

66 

48 

4 

«a 

6 

210 

190 

173 

160 

148 

129 

115 

99 


68 

69 

52 1 

6 

f 

10 

217 

196 

180 

166 

154 

186 

121 

105 

86 

74 

65 

58 

10 

sT 

20 

226 

204 

187 

173 

161 

143 

128 

112 

9.3 

80 

71 

64 

20 

M ^ 

50 

231 

210 

194 

181 

168 

1,50 

135 

119 

1 100 

87 

78 

71 

50 

m 

100 

285 

214' 

197 

184 

172 

1.53 

139 

122 

1 104 

91 

82 

76 

100 


For ftlopes sieepor than .01 per unit of lengUi. » t in 100 =• 52.8 feet 
per mile, e remains practically the same as at that slope. But the velocil§ 
(beina » e X radius X slope) of course continues to increase at the 

■•pe necomes steeper. 

Table above is lor meun m<iii in F K ET. 

For mean rutlii ui 91 ETE RN . stMi talde, |»|i 
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Table 2, ol eoeflieieni «♦ for mean radii in METEBS. 
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Table 2, of eoeff e. for mean radii In METE US.—CftNCL’D, 


i 

Mean 
rad R 




Coefficients n of roughness. 




Mean 

radR 

1 

meters 

.009 

.010 

.011 

.012 

.013 

.016 

.017 

.020 

025 

.030 

.o:^ .040 

meties 

’s 


c 

c 

c 

e 

C 

e 

C 

e 

c 

c 

e 

C 



.026 

65 

47 

41 

87 

83 

27 

22 

17 

18 

10 

8 

7 

.025 

li 

.050 

66 

68 

51 

45 

40 

83 

28 

28 

17 

13 

11 

9 

.050 

.1 

78 

68 

61 

55 

60 

42 

85 

28 

21 

17 

14 

12 

.1 


.2 

90 

80 

70 

64 

69 

49 

42 

.‘{5 

27 

22 

18 

15 

.2 

S= 

.8 

95 

86 

70 

70 

63 

64 

47 

39 

86 

24 

21 

17 

.3 

.4 

99 

89 

80 

73 

67 

57 

50 

42 

32 

27 

22 

20 

.4 

V 

.6 

105 

94 

85 

78 

72 

62 

64 

46 

36 

80 

25 

22 

.6 

1 

111 

100 

90 

83 

77 

67 

59 

60 

40 

88 

28 

25 

1 

1 

2 

117 

106 

97 

89 

83 

73 

66 

56 

45 

88 

W 

80 

2 

S 

4 

123 

111 

102 

95 

88 

78 

70 

61 

50 

43 

38 

34 

4 

1 

6 

125 

114 

105 

97 

91 

81 

72 

63 

68 

46 

40 

;46 

6 

0 

10 

128 

117 

108 

100 

93 

83 

76 

66 

65 

48 

43 

89 

10 

m 

30 

132 

121 

112 

104 

08 

87 

79 

70 

60 

52 

48 

43 

30 


.026 

67 

50 

43 

38 

84 

28 

28 

18 

13 

11 

9 

7 

.026 


.060 

69 

69 

62 

47 

42 

34 

29 

23 

17 

13 

11 

9 

.050 


.1 

80 

70 

63 

66 

60 

42 

86 

SO 

22 

17 

14 

12 

• 1 


Ji 

90 

80 

72 

66 

60 

60 

48 

35 

27 

22 

18 

16 

.2 

ji 

% 

86 

77 

70 

64 

54 

47 

89 

80 

26 

21 

18 

.3 


A 

100 

89 

81 

74 

67 

68 

60 

42 

88 

27 

23 

19 

.4 

2 1 ‘ 

A 

104 

94 

85 

78 

72 

62 

64 

46 

86 

80 

26 

22 

.6 

®..a 

1 

111 

100 

90 

83 

77 

67 1 

69 

60 

40 

S3 

28 

25 

1 

2 


2 

116 

106 

97 

90 

88 

72 

64 

55 

45 

88 

88 

29 

4 

121 

111 

102 

94 

87 

77 

69 

60 

50 

42 

37 

83 

4 


6 

124 

113 

104 

97 

90 

80 

71 

62 

52 

45 

1 40 

86 

6 

iSo 

to 

127 

115 

106 

99 

92 

82 

78 

64 

54 

47 

42 

:t8 

10 


30 

180 

119 

110 

102 

96 

86 

77 

68 

58 

61 

46 

42 

80 


.025 

69 

60 

44 

39 

36 

28 

24 

19 

14 

10 

9 

■ 7 

.026' 

^ . 

.06 

69 

60 

63 

48 

43 

86 

29 

24 

18 

14 

11 

9 

,05 

=8 

a 

81 

71 

1 63 

57 

51 

43 

36 

30 

22 

18 

15 

12 

.1 


.2 

91 

81 

72 

65 

60 

60 

44 

36 

27 

22 

18 

16 

.2 


.3 

97 

86 

77 

i 71 

65 

56 

48 

40 

31 

25 

21 

18 

.3 


.4 

101 

90 

81 

74 

68 

58 

50 

42 

88 

27 

23 

20 

.4 

e II . 

A 

106 

95 

86 

78 

72 

62 

54 

46 

86 

80 

25 

22 

.6 


1. 

111 

100 

90 

83 

77 

67 

59 

60 

40 

83 

28 

25 

1. 

1.6 

115 

104 

94 

87 

80 

70 

62 

53 

43 

36 

31 

27 

1.5 

2 

117 

106 

96 

89 

83 

72 

64 

55 

45 

38 

33 

29 

2 


4 

121 

110 

101 

93 

87 

76 

68 

59 

49 

42 

37 

33 

4 


10 

126 

114 

105 

98 

91 

81 

1 78 

r>4 

r>,3 

46 

41 

37 

10 

« 

so 

129 

118 

108 

101 

95 

: 84 

! 77 

67 

57 

50 

1 45 

41 

30 


Forolopea steeper than .01 per unit of length. =rl in 100, the «o> 
efficient c reiaaloA practically the Bame aa at that slope. The velocity, however, 
being = c X l/mean radiua X slope, continues to increase as the slope becomee 
Bteeper. 

To constract a diagram, fig 30 A. from which the valnes i^ven 
by Hatter’s formula may be taken by inspection. 

Draw ** hor, and say from 2 to 4 ft long; and oy vert at any point o within 
Bay the middle third of xz. On op lay off, as shown on the left, tl»e values of e 
for which the diagram will probably be used. If a scale of .05 inch, or .082 
metre per unit of c be used, and be made t-o include e — 250 for English mcaa- 
ure, or 150 for metric ineasiire, oy will l»e about 1 ft long. For the sakeof 
alearness we show only the larger divisions in this and in what Adlows, 

On oa lay off. as sltown on its upper side, tlie nqmre roots of all the vsliifw of 
the moan rad R for which the diagram is to be nse<i. fine mob per ft, or X)8 
metre |)er metre, of sq rt, is a convenient scale. Mark the dividing points with 
the respective values of the mean radii thenmhm 
Having decided upon the flaUest slope to be embraced in the diagram, say 

,0028 

flattest slope per unit of length 


1C — 41.6 + 


for English measure. 
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y ic zn — ( English ) or p — to ~ ( metric) . 

"A n 


To each value of y — add w, thus obtaining values of y, W« 
take .000025 per unit of length as the flattest slope, and .01, .02, .03 
and .04 for n. Hence (using English measure) 


V 


1,811 1.811 yni 1.811 . 

.02 • .03 ’ .04 ’ 


181.1, 90.5, 60.4, 45.3 reapectlvely. 
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auti y =■ 181.1 + 153.6, 90.5 + J.53.6, 60.4 + 153.6 and 45.3 + 153.6, 

or 334.7, 244.1, 214.0 and 198.9 rospoctively. Lay ofl’ iho^e vaUieg of y on oy in 
pem.ll, as at y, y\ y", and y"\ using the scale alieady laid oti lor c on oy. 

Fiom each point, y, y’ etc, draw a hor pencil line yt. y’t' etc, and mark on it, 
in pencil, the wlue of n used in determining it.s height oy etc. 

Next '^ay z = w X greatenl value of n Make ox = z i>y the scale of sq rtx of R 
on oz. In our case 153.6 X -04 = 6.144 by tiiescaleof sq rL\ ol it, or - 0.114® 
■»» 37.75 by the scale of R. 

Divide ox into as many equal spaces (4 in our case) as .01 is contauieti in 
greatest n. Mark the dividing points with the values of n, as in our Fig. 

From eaeli dividing mark on ox erect a perpendicular, {it'" etc) in pciu il, 1o 
cut tliat hor line (y"'<'’'etc) which corresponds to tl*e same value ol n The 
intersections are points in a hyperbola, .loin them by straiglit lines t"' t", t" i', 
/'/etc. 

^ From rill oz (corresponding to a mean rad of 3.28 ft, or 1 metre) draw radial 
lines, ri, r/', r<" etc. Mark lliem “ « = .01 =*= .02" etc, the same as their 

corresponding lines yt, y' t' etc. 

For eacli slope (S) to be used in the diagram (except the flattest, for wnich 
this has alieady been done) say 

x\ x" etc = ^41.6 + X grealestn, for English measure. 

x', x” etc ==■ ^23 + ) X greaiestn, for metric measure. 

I'huB, our slopes are ~ .000025, .0000.5, .0001 and .01 per unit of length. Hence, 

z'”- ^41.6 + j X .04 - 1.675. 

Lay off each value of x', x" etc from oy on a separate hor pi iicil line o' x’ etc. 
using tiie scale of sq ris of R as on oz. 

Mark each line o'x' etc in pencil with the slope u.scd in fiviiig its Iciiglli. 

Divide each distf/x'ete into tin* same niiroher of equal pari.saso/. From 
the dividing noi tits (wliich, like tlioscof ox, represent tlic \aliics(.l u) cn‘ct perpt 
tocuttlie railial lines r/''', rf" etc, eacli perp cutting that raiiial line v/lnch cor- 
responils to tlie value of n represented i»y the point at tiic foot of the perp Tlie 
intersections corre.sponding to each line o'x' etc form a hyperbolic curve .Mark 
each curve with the slope of its corresponding line, ox, o' x' etc. 

The drawing is now in the shape proposed by Mess (langnillet and Kuttcr, and 
is ready for use in finding either c. n, R or S ’wlien tiie oilier three are given. 
Thus: 

lilt. Having R, S and n, to tind For example h-i U 20 ft. S -- UO(io,5, 
n — .OS. From the interst'ction d of slope curve .on(M).n and i.niiiil Imew 03, 
draw*d-20 to the point (20) in oz eoiresjMinding to the given U. At c, where 
d-20 cuts oy, is the reqd c, ■=* 96 in this case. 

2d. Having R, S and c, to find n. For example let R — 20 ft, .S — h(1h0.5, 
c = 96. Through the points R = 20 in oz.and c - 96 in oy, draw * d-20 to cut 
curve .00005. n (— .03) is found by means of tlie radial lines nearest to the in- 
tersection, (1. 

3d. Having S, n and c, to find R. For example let S = .00005, n = .03, 
c = 96. Find curve .00005 and radial line n = .03. From their intersection d 
draw d-20 tlirough the point eshowinge = 96. Its intersection with oz shows 
the reqd B, 20 in this case. 

* Initead of dratomy iheM hn«*i, wo mav use a One black ihreaU witli a loop at one end. Drixe a 
teedle eitbor Into one of the polnta R or Into one of the lnipr»«H-iioti«. d ko. Klip the loop over the 
owdie. The other end of the thread 1« held between the flnam) and the tlir^ad I* made to cut the 
alher poinu a» reqd. The diagram should lie perfectlv Hal, and the Htrlug he drawn tight at each ob- 
•erration. in order that friotion between atring and paper may not prevent the Ntring from form Inga 
■traigbt line. Or the free epd of the ctrlng may real on a pamphlet or other object about M l»<ih thick, 
to keep the atring otear of the dlagraui. Itpecul oare muai then be taken to have the eye perp over 
tike point obaerred. 
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4th. Having IL <; and n, to find fi. For example let R » 20 ft, c — 96, 
n — .03, Through R — 20 and c 96 draw d-20. S (.00005) is found by means 
of the carves nearest to the point d of intersection of d'20 with radial line 
« - .08. 

. The following addition to Kutter'.s diagram, proposed by Mr Rudolph Heriug, 
Civil and Sanit^ Engineer, New York,* enables ns to read 4he velocity 
from the diagram. 

Fin d th e sq r t o f the r eciprocal of each slope to be embraced in the diagram 

i — . Layoff these so rts on the right of ov, using 

\ slope per unit of length ^ s .vi » 

the scale of c already laid off on its left In our fig we have so proportioned the 

two scales that — "■ — Mark the uividing points with the slopes 

|/recip'or S ^ 

per unit of length. 

On oz lay off the vels to be embraced in the diagram, using the scale of sq rts 

of R already Is'd off on oz, and making — = — 

V R |/recip ofS 

l8t. Having R, S and n ; to find v. For example let R -= 20 ft, S ^ .00005. 
n = .03. From R 20 draw <i-20 to tiie intersection d of curve .00005 with radial 
line » =“ .03. d-20 cuts oy at e, where c == 96. With a parallel ruler join R 
20 with S =» .00005 on oy. Draw a parallel hue through c “ 96. It cuts o* at 
m, giving the reqd vel, 3.03 ft per sec. 

2d. Having R, S and v; t4> find n. For example let R =« 20 ft, S = .00005, 
r -O' 3.03 ft per sec. With a paiallel ruler join R “ 20 and slope .00005 on oy. 
Draw a parallel line tliiough r — 3.03. It cuts oy at e, where c — 96. Through 
R = 20 and c =■■ 96, draw d-2U to cut curve .00005. The point dof intersection, 
being on radial line n = .03, shows .03 to be the propei value ol n. 

Any line drawn to the curves from R == 3.28 ft or 1 metr**, is one of the radial 
lines used in making the liiagiam. It therefore necessarily cuts all the slope 
curves at points .showing the same value of n. 

3d. Having S, n and r; to fiml R. For example, let S “• .00005, n — > .03, 

V 3,03 ft per sec, A3.<ivme a value of R, say 10 ft. Find curve .00005 and radial 
line n =• .03. .loin their intersection d with R — 10 ft. Tlie connecting line cuts 
oy at r ^82. With a parallel ruler join c ■=“ 82 with v == 3.03. Draw a parallel 
line through 8hipe-== .(X)()05 on oy. it cuts o? at R =“ 27.3, showing that a new 
trial is necessarj, and with an aVsiiraed R greater than 10 Ir. 

If R thus found is the same a*' the assumed one, the latter is correct. If they 
are nearly equal, their mean may be taken. 

4th. Having R, n and v ; to find fi. For example, let R = 20 ft, n ,08, 

V — » 3.03 ft per sec. A.mime a slope (sav .0001). Find its curve, and radial line 
n -» .03. Join their intersection with R = 20, and note the value (89) of c where 
the connecting line cuts oy. With a parallel ruler join c “ 89 with r »= S.OS. 
Draw a parallel line through R 20. It cuts oy at slope .000058, showing that 
a new trial is necessary, and with an assumed flatter than .0001. If R Is 3.28 
ft, or 1 metre, the diagram gives the corrects at the first trial, no matter what 
6 was assumed at starting. With any other R, if the diagram gives the same S 
as that assumed, the latter is correct. If the two differ but slightly, we may take 
their wean. 


* TrEDMoUo&i of the Atneiiosn Society of Civil Engineer!, January 1879. 
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Table of vel» In Circular Brick Sewers when running full by 
Kutter’a formula, but taking n at .015 instead of bis .013, in consideration 
of the rough character of sewer brickwork generally. 

When runninir only tanlf fall the vel will he the same as when full 
but this is not the case at any other depth whether greater or less. At greatei 
ones it increases until the depth equals very neailv .9of the diain, when it ii 
about 10 per cent greater than when either full oi half lull From depth ol .9 of 
the diam the vel decreases wliether the depth becomes greater or les^ At depth 
ot .25 diam the vel is about .78 of that when full ; and then dmiini.shes much 
more rapidly for less depths. All this applies also to pipes. 

The vel for any tall or diam interintsliate f»f those in the table can he found hj 
simple proportion. * Original 


m Diameters In feet. 

per ' I , 1 

mile. 2,34 6 g > 12 ' 16 | 


Telocitles In feet per second. 


.1 

.19 

.27 

1 ..35 

.50 1 

.64 

.89 

1 1 10 

.2 

.30 

.42 

1 .53 

.74 ! 

.93 

1.26 

1 1.56 

.4 

.46 

.65 

I . 80 

l.OS 1 

1.39 

181 

2 20 1 

.6 

.59 

.81 ! 

1 00 

l.:t5 

1.70 

2 22 

2 70 

.8 

.69 

.95 j 

1.17 

1.57 

1.94 

2.56 

3.08 ! 

1.0 

; .79 

107 i 

1 32 1 

i 1.77 

2.16 

2 84 

3 43 

1.25 

.89 

121 1 

1.49 

1.98 

2.42 

3.17 

3.8 ; 

1.50 

.98 

133 

1.64 ; 

2.18 

2 64 

3 5 

4.2 1 

1.75 

1.06 

141 1 

1.78 

2.:t4 

2..8.-) 

.3.8 

4.5 ; 

2.0 

1 15 

1.55 1 

191 

2,53 

3.1 

40 

4.8 

2.5 

1.32 

1.78 1 

2.18 ' 

2.85 

3 5 

4 5 

5 4 

30 

144 

1.94 ' 

2:t8 1 

3.2 

3 8 

5 0 

6 0 

3.5 

1.58 

2.10 : 

2.58 

3.4 

41 

1 5 3 

6.5 

4. 

1.68 

2.2 1 

! 2.7 , 

3.6 

44 

• 5 7 

6 9 i 

5. 

1.90 

2.5 ' 

131 

4.1 ' 

4.9 

1 6,3 

7 6 

6. 

: 2.06 

, 2.7 

1 3.3 

4.4 

54 

1 6 9 

H3 

7. 

2.2 

' 3.0 i 

3.6 

4.8 

5 8 

1 1*5 

9 0 

8. 

2.4 

1 3.2 

38 

5.1 

6 2 

! 80 

97 

9. 

2.5 

1 3.4 

4.1 

5 4 

; 6.6 

] 8.5 

10 3 

10. 

2.7 

1 3.5 

4.3 

5.7 i 

1 6.9 

9 0 

10.8 

12. ; 

2.9 I 

1 3.9 

4.8 

6.3 1 

1 7.6 

: 9.9 

11.9 

15. 1 

3.3 ! 

! 4.4 

5.4 

7.1 1 

1 8.5 

j 11.0 

13.3 

18. 

3.6 1 

4.8 1 

5.9 

7.7 j 

I 9.3 

' 12 1 

14.5 

21. I 

3.9 1 

5.1 

6.3 

8.4 

10.0 

; 13 0 

15.7 

24. ! 

4.2 

5.5 

6.8 

8.9 1 

10.8 

13.9 

16 8 

27. 

4.5 

5.9 

7.2 

9.6 

1 114 

I 14.8 

17.9 

30. 

4.7 

6.2 

7.5 

9 9 

12.0 

15 6 

18 8 

36. 

5.0 

6.7 

8.2 

10 8 

13 0 

, 16.8 

20 4 

40. 

5.4 

7.1 

8.7 

11.5 

! 13 9 

1 18.0 

21.7 

45. 

5.6 

7.5 

9.2 

12.2 

I 14.8 

. 191 

! 23.0 

50. 

5.9 

8.0 

9.7 

12.8 

15.5 

20.1 

24.2 

60. 

6.5 

8.7 

10.7 

14.1 

17 0 

221 

26.5 

70. 

7.0 

9.4 

11.5 

1.5.2 1 

184 

1 23 9 

28.5 

80. 

7.4 

101 

12.3 

16.2 j 

19.7 ‘ 

25.5 

31.0 

90. 

7.9 

10.7 

13.1 

17.2 

20 9 

27.0 

32.3 

100. 

8.4 

11.3 

13.8 

18 2 1 

22.0 

1 28.5 

34.1 


Fall 

• m ft 
per 

20 , 100 It. 


1.34 

.mi 

1.84 

(JOSS 

2.60 

.0076 

3.18 

.0114 

3.W) 

.0151 

3,96 

.0189 

4.5 

.0237 

4.9 

.0284 

5,3 

.0331 

5.6 

,0379 

6 3 

.0478 

6 9 

0568 

74 

.0662 

7.9 

.0758 

8.7 

.0947 

9.6 

.1136 

10.4 

.1325 

11.1 

.1514 

11.8 

.1703 

12.5 

.1894 

13.6 

.2278 

15.3 

.2841 

167 

.3409 

17.9 

.3976 

19.2 

.4646 

20.4 

.5109 

21.5 

.1)682 

23.2 

.6629 

24.8 

.7676 

26.3 

.8523 

27.7 

1 .9470 

30.3 

1.136 

32.8 

1.326 

35.0 

1.516 

37.1 

1.705 

39.1 

1.894 


A vel of 10 ft per sec = 600 ft per niinut<‘ — 360(K) ft, or fi 818 miles per 
hour. About 5 ft iier sec is as great as ean lie adopted in practice to prevent the 
lower parts of the sewers from wearing, away t(M) rapidly by the deoris carried 
along by the water. 
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Art. 23. The rate at whicb rain water reaebes a sewer ox 

culvert, etc. Barkll-ZieiTler Formula. See “European Sewerage 
Systems,” by Rudolph llering, C. E., iu Trans. Am. Soc. C. E., Sov. 1881. 


Cub. ft. i)cr 
second per 
acre, reacb- 
iag sewer 


A coef A V. cub. ft. of rai n fall 4 I ground 

according X porsrcond |>er acre, ><-y/ia feetjie^lOOO ft. 
to judgment during heaviest fall. \ i^o.of acres drained 


Coeflleient, for paved streets, 0.75; for ordinary cases, 0.625; for suburbi 
with gardens, lawns, and macadamized streets, 0.31. 

Note that 1 inch of rainfall per >iour may be taken as equivalent to 1 cubic fool 
per second per acre. See Conversion Tables, j»p. 235, etc. 

Kxaninlo. I f an area of 3100 acres (nearly 5 square miles), with an average 
slope of r>Teet pei 10(K) leet, receives a inuxituuni rainfall of .3 inches jier hour, 
then, assuniing a coeflicicnt of 0.5, the rale at which the water would reach th< 
mouth of a sewer at the lower end of the 3100 aci-es would be 


05X3X 


.y__5 

T 3 1 0 0 


0 5 X 3 X 0 2004 = 0.3(X)6 cubic ft per second per acre; 


or 0 3000 X 3100 = 931 .9 cubic feet per second, total. 

Let the grade ot tbe intended sewer be say 4 feet per mile; and, to avoid 
excessive wear of its brickwork by debris swept along by the water, let iti 
velocity be limited to 6.3 feet per second, which may be permitted on occasioni 
as rare as rains of 3 inches i>er hour, although, for tolerably constant flow, when 
liable to dobi is, it should not exceeil ahuut 5 teet per second. 

l-'ind, in talile o[ipoHite, the diameter, 14 ft., coriesponding, as nearly as maj 
lie, to a velocity of 6.3, and to a grade of 4 feet per mile. The area is ISi 
square feet. Hence, 154 X 6.3 -- 970 cubic feet per second = capacity of sewer 
To allow for deposits in the sewer, make the diameter say 14.5 or 15 leet. 

Table of leamt veloettien and grradeti for draiii-pipea and 
aewerN in ciiieM. in order that they may under ordinary circumstances kee] 
themselves clean, or free from defiosits. (Wicksteed.) 


num. 

Vel. In ft 

Orad«, 

Orttdt’. 
Feet per 

Dlam. 

Vel. In ft 

Grade, 

Grade. 
Feet per 

In liichev 

(ler Mtn. 

t in 

Mile. 

In InchM. 

per Min 

1 In 

Mile. 

4 

240 

36 

146 7 

18 

ISO 

294 

18 0 

6 

220 

65 

81 2 

21 

180 


1.5.4 

7 

220 

76 

69 5 

24 

ISO 

392 

13.5 

e 

220 

87 

60 7 

30 

ISO 

490 

10.8 

9 

220 

98 

63 9 

36 

180 

588 

9.0 

10 

210 

119 

44.4 

42 

180 

686 

7.7 

11 

200 1 

145 

36.7 

48 

180 

784 

6.8 

12 

ISO 

175 

30 2 

54 

180 

882 

6.0 

15 

180 

244 

21 6 

60 

180 

980 

5.4 


B^eig;bt i>cr foot run of irlased terra eotta plpen for drains etc. 
priced iHjr fwit run adopted by the I'niled Sewer Pipe Makeis of the Unite 
Itates, March, 1887. For discounts, see I’lice l.iNt. 


Drain pipe, with socket joint 

Sewer pifK?, with sUh'vc joint 

Bore ! 

Wt 

i Price 

Bore 

Wt 

Price 

Boie j 

Wt 1 

Price 

Bore 

Wt * 

Pric 

ins 

lilH 

S 

ins 

lbs 

8 

ins 

IKs 

8 

ins 

11)8 

9 

2 

4 

0 14 

6 

18 

0.30 

15 

; 45 

1.25 

30 

t 150 

1 6.fi 

3 

7 

0 16 

8 

1 22 

0 45 

18 

1 05 ! 

1.70 

36 

195 

7.C 

4 

10 

0 20 

10 

30 

0 1.5 

21 

89 

2.. 50 

42 

203 

8.£ 

5 

1 12 

0.25 

12 

1 33 

0 85 

24 

1 100 

1 3 25 

48 

1 230 

i 10.{ 


The joints are filleii with ctuiient mortar; or, when usisl for drainage onl; 
with clay. Drain pipes (3 to 12 inshore) are about i inch thick. A bend < 
branch costs about as much as from 3 to 5 feet of pips. 'J'be 48-1 iicb pipes ai 
about 2 ins thick. 


Art. 24. Wben tbe area of crtnid cieetion of channel ts n 
duced at any p4»int, as by a dam (Fig 33, p. 576) or by narrowing it, efthi 
at its sides (Fig 32) or by placing in it a pier etc. Fig 34; a portion at least * 
the force of grav (which would otherwise lie giving vel to tbe water up-strea: 
from tbe point where the obstruction takes place), causes nrcmire against tl 
dun etc. This pre» maiutaius the uD-stream water at a higher level than 
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would otherwise have. Said water is then practically in a reservoir*, t a, it has 
less vel and greater pres than before. If the reservoir has no outlet, tliere is no 
vel ; and all of the head, or force of grav, acting on the water is expended ia pres. 

But if there is an outlet, as over the dam, or between the pters etc, a (»ortion 
CO, Figs 31, 33, 34. of tfafs pres or head, ie expended in giving vel (or an accelera' 
tioo of vel) to tne water escaping by that outlet; after which only so much 
head (in the shape of surface sfo^ie) is needed as will overcome the resistances 
of the channel aown<stream from the obstruction, and so maintain uniform the 
velgiveu to the water by the head co. 

Where a large canal, such as those intended for navigation, is fed from a reser- 
voir, the fall CO in feet is approximately 

■■ mean velocity* in canal, in feet per second, X .017 ; 
snd in smaller canals, such as mill courses, 

t=x mean velocity* in canal, in feet per second, X -02. 

The abruptness of the fall may be diminished by rounding off or sloping the 
jdges of the piers, or the corners at the sides of the channel (Fig 32) or the 
ipproach to the dam 

Fig 33 is a cross section of dam, across Cape Fear River, N. C. It 

s from measurements made by Kiwood Morris, C E; by whom they were com* 
uunicated to the writer. The dam is of wooden cribwork ; and its level crest, 

1 ft 5 ins wide, ia covered with plank ; along which the water glides in a smooth 
beet, 6 ins deep, (at the time of ineaim remen t). At the upper end of thia 
beet, and in a diet of about 2 ft, a head co of 9 ms forms itself, as in the fig. 
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HOISTING, CONVEYING 
AND EXCAVATING MACpNERY 

We here treat of the handlinir or transferring of objects or 
materials from place to place, as well as of excavation where 
that is involvd. (t'or Dredging, see p 581.) We endevor to 
outline the varius devices available that are of considerable 
use to the C E, together with their characteristics and general 
utility, without troubling too much about mechanical details. 


0.1. Classification 

We present first, in sections 1.0, 1.1, etc, the details of cranes 
and derricks and excavators in general, because to describe 
machines of all possible or even of all usual existing comblna- 
tiens would require many times the space here used. These 
details may be classified ajid are treated as follows: — 

1.1, the grabbing, holding or digging device; such as the 
hook, sling, magnet, skip, scoop, bucket, scraper, skimmer, 
clam-shell, orange-peel, shovel, etc, 

1.2, the means for connecting the source .of power to the 
load; such as rope (hemp or wire); 

1.3, the mast and the boom, jib, etc, for making possible the 
moving of the load closer to or farther from the pivot; 

1.4, the means for rotating the load; such as a pivoted mast 
or post, bull-wheel, circular gear, etc; 

1.5, the means, if any, for moving the machine over the 
ground; such as skids, rollers, wheels, caterpillars, etc; 

1.6, the hoist, (gearing, drums, etc); and the power itself, 
such as animal, steam, gas, gasoline, oil, Diesel, comprest 
air, electric motor, or combinations of them. 


0.2. Capacities and Utilities 

of some of the machines as a whole, are given under 1.1 (to 
■>.19 mcl); giving further descriptions of details, as cable, 
booms, power and movement over ground, in secs 1.2 to 1.6 


0.3. Convertible Machines 

in which different grabbing, holding or digging devices may 
be applied, are generally available, and in addition, machines 
may be made up of almost any combination of details from 
1.1 to 1.6 inclusiv. 


0.4. Other Complete Machines 

such as elevating devices, cableways, conveyors, trenchers, 
back -fillers, etc, are treated in secs 2 to 9 inclusiv. 


1.0. DETAILS 

1.1. HOOKS, SLINGS, GRAPPLES, BUCKETS, SHOVELS, etc 

Hooks, tho essentially very simple, should be scientifically 
designd, and should be made of material, such as soft steel 
forgings, that will yield before cracking, thus increasing the 
chance of detecting complete failure before it occurs. They 
may have many special forms for special purposes. Some 
hooks are provided with safety shackles or catches to prevent 
the load from slipping off; some with catches that may be re- 
least for dropping the load suddenly, as in operating “skull- 
crackers” for breaking concrete or castings. Hooks are often 
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made double, reducing eccentricity of loading: and affording 
more room for chains or slings. Two luxtks may be tramed 
with a pivot, like ice-tongs, or the two (or more) hooks may 
hang loosely from rods or chains, so that when separated the 
width or length of the load and attacht to it, they exert a hor 
component tending to prevent slipping. Hooks or chains miiY 
be attacht in varius ways to plntlToriUN or Nkips. on which the 
load (earth, rock, merchandize, package.s, etc) mav be placed. 
See also 1.18, scrapers. Hooks are depended upon for most of 
the work on building erection. 

Slings are much used for hoisting. These are merely ch^ns 
or rope with or without hooks or eyes, sockets or rings. The 
sling may consist of an endless loop of wire 
rope only wrapt around the object to be hoisted, 
tho more usually the ropes are fastend around 
eyes, Fig 1, one large enough to pa.ss the other 
thru, or at one end they may be attaclit to a 
hook. Bridle MllngM consist of a length of rofie 
with a hook at each end and the middle past 
iround a socket. When hoisting metal beams, 

?tc, thin pieces of wood must be placed between 
the beam and the rope or hook. The wood 
crushes and increases the friction, reducing the 
langer of slipping. The two lengths should 
form an equilateral triangle with the beam or 
Jther object held hor’y. Caution: increasing 
the spread materially greatly increases the 
stress and danger ot breaking. Several bridge 
companies have largely used chains of to 
with rings at each end. 

The first two items treated under 1.1 (hooks 
ind lifting magnets) are not limited in their 
use to cranes or derricks, being often of use in 
ather types of apparatus. 



1.12. Lifting Magnets Fig. 1 

Electro-magnets have a number of advantage.s 
where direct current electricity Is available, and whore iron 
ar steel are to be handled, e.specia!ly scrap, or where manv 
small or irregular pieces are to be handled. Iron or steel 
may be pickt up, and lowerd or releast, or dropt, all with 
fewer if any extra men for attaching and detaching Mag- 
nets can handle and drop skull-crackers efficiently. They 
:an lift iron or steel which is under snow, or when packt in 
boxes, or when hot. Of course, reliable current is essential 
for safety, tho automatic underhung hooks may reduce the 
ianger. Such hooka may be regularly used for <*arrying 
loads of fairly uniform .‘»hapo from place to place while 
current is shut off. A single hoisting line is sufficient where 
lafety hooks are not used. Magnet.s are of course useles.s 
'or anything but ferrous metals. 

The iifting capacity depends largely upon the form of the 
ron or steel to be handled. A magnet 20" dlam, will lift 3600 
bs of billets or slabs, and one of 6a", 50,000 lbs. Skull-crack- 
irs of 2/3 of these weights may be lifted: but only about 1/20 
;o 1/30 of these wts of .scrap iron. The great ease of ban- 
ning irregular scrap, etc, compensates for the reduced attrac- 
;ion. The current consumption at 220 volts will range from 6 
;o 60 amperes. (From Material Handling Cyclopedia, Sim- 
nons-Boardman Publishing Co.) 

1.12a. Vacaam Lifters have been used for seizing non- 
'errous mat’ls. They are similar in operation to the pneuma- 
:ic fingers used on printing presses for handling sheets of 
laper one at a time, and may be used on any material such as 
lopper, zinc, wood, wall-board, etc, as well as iron or steel, 
laving a smooth surface. The lifting capacity depends upon 

ha a raa nf tha amn1r.vH oi^rl vnov ha r'nm - 
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puted. A valve controls the vacuum or air pressure for seiz- 
ing or releasing the mat’l to be handled. 

1.13. Buckets 

The preceding devices, except perhaps platforms or skips, 
sec 1.1, cannot well handle granular mat’l, as earth, coal, ore, 
loose rock, etc. and for these buckets are of use. We first 
consider those that can not dig, and must have the mat’l de- 
li verd into them, as by hand shoveling. Nearly all such 
buckets may be hoisted by a single hoisting line, to which 
they are attaeht. The unloading is controld by a latch or trip 
i>perated by hand at the bucket, or by a light line puld from 
tiie hoisting engin or near by. or by a second line operating 
levers or doors. 

l.l.’ll. Turn-over buckets, one type of which is ill’d in Fig 2, 
are so balanst that when not full they assume an upright po- 
sition, but when loaded the tendency is to turn over. This 
i.s lesisted by the latch or trip. Thus, after filling, the 
bucket i.s hoisted and swung and lowerd over the desired 
point, and the latch is tnpt. The bucket turns over, drops 
its load, and then automatically rights itself and relatches 
leady for the next loading. These buckets are made with 
either straight sides, curvd back or bottom, or as a ver- 
tical cylinder. For contractor’s work they are made in sizes 
of 1^/t cu yds cap down to % cu yd or less. It is difficult to 
deliver the contents of turn-over buckets exactly where 
wanted. 




1.132. Bottom-dump buckets, one of which is ill’d in Fig 3, 
are made in many forms and with many types of doors or 
hoppers operated with varius arrangements of levers too nu- 
merous to mention and too unimportant to describe in detail. 
In some types the load is dumpt all at once; in others the dis- 
charge is controllable, .some having the hopper door designd 
especially for dumping (concrete, e.cr.) accurately into narrow 
spaces. Capacities range from abt 2 to 3 cu yds down to 1 
cu yd or less. 
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1.14. Grabs; Clam-Shells A Orangre-Peels 

Grabs may be described as buckets capable of dlKiclna. and 
those for land excavation are much the same as for dredgin.gr. 
See p 581e, &c, including paragrafs 45, 54 and 56. 

1.141. Utility. Grabs may be used for either plain lifting or 
the handling of varius objects, or for digging loose or soft 
mat’l, as earth, coal, sand, etc. and tQ a certain extent both to- 
gether, as where old timbers or debris are encountered in 
jigging; but not hard mat’l. Care should be taken to obtain 
the machine best suited for the servis desired, especially a 
correct ratio of bucket-closing force to lifting force, which 
depends upon the number of shears and "parts” of hoisting 
cable (see sec 1.2) and leverage of arm (p 581e, paras 38, 
39 and 40), shape of bucket bottom, teeth, etc. A bucket may 
cut so deeply that it becomes overloaded and the hoisting is 
retarded, or the cut mav be so light that there is much waste 
motion. (See Engg-Contracting, ’32 Aug, p 193). Clam-shells 
are obtainable with electric niotcr mounted on a bucket, to 
force the closing of the bucket. This has the advantage of a 
surer bite into the mat'l. and may be used with hoists having 
only one line, or on overhead tracks, tho the addition of the 
motor and wires increases complication. 

1.142. Operation. As in dredging, the bucket is hoisted and 
lowerd, and opend and closed by means of two lines of cable. 
The rotation of the boom is accomplisht by the engin acting 
on a bull-wheel (p 581A:, para 60), pivoted mast or circular 
gear (sec 1.4). 

1.143. Capacities of land grabs usually employd range from 
% cu yd to 3 *^ u yds by V 4 cu yd diffs, and the corresponding 
wts are from abt 2000 lbs to 7000 lbs. Clam-shells of 16^ 
cu yds cap have been built, weighing 28,000 lbs 


1.144. DimensionN. The following approx figures are taken 
from the catalog of a laige mlr. 


Bucket cap, cu yds 

... % ^4 

1 

1>4 to IVi 

Boom length, ft 

30 38 

40 

40 

to 45 

Max clear lift of bucket, ft. . 

... 20 28 

30 

30 

to 35 

Max ht of boom, ft . . . 

. . . 3.5 

43 

17 

to 52 

Max ht of boom, lowerd. ft .. 

...12 12 

12 

15 

15 


1.145. Special forms, usually made up of bars or prongs, are 
used for handling long materials in quantity, as timliers, rods, 
pipes, etc. 

1.146. Minlatare or dwarf orange-peel buckets may be had 
small enough to dig holes onlv a foot in diam, for wells, test 
holes, etc. Owing to their small capacity, they may usually 
be operated by hand; but unless the mat’l is very soft, they re- 
tauire a heavy "hammer” (wt) mounted so as to slide bn a 
vert rod above the bucket, to force the orange-peel points into 
the mat’l. 


1.15. Dippers and Shovels 

Shovels for land excavation, F’ig 4. are much the same as 
shovels or dippers for dredging. See p 58IA etc, paragrafs 
58, 60-63 incl. 

1.151. <*Crowdlng” devices used to force the "stick," T, up 
or down thru the boom, B, may be operated either by a sepa- 
rate engin or motor on the boom, as usual in dredging, or the 
gearing may be operated by either cable or chain, iV. driven 
from shafts from the main engin or motor In the cab. Th^re 
sire arguments In favor of and against each, but the differ- 

9>nrpa tn ha Alicrht 
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1.152. Capacitiea. The usual small shovels for the local con- 
tractor have a cap around 1 cu yd, the smallest holdingr % cu 
yd, and sizes up to 2 or 3 or more cu yds are available for 
larger operations. Special machines for strip mining used by 
the Electric Coal Cos at DuQuoin, 111, had buckets holding 15 
cu yds. (Eng News-Rec, ’32 May 5). 

1.153. Lips and Dipper Teeth. Manganese steel is largely 
used. Even so, dippers working in boulders in stream- beds 
may wear out one set of teeth every 8 hours. Mr. George 
Sykes reports (Eng News-Rec, '33 Feb 16, p 215) that by weld- 
ing hard surfacing to the bucket teeth with an alloy of cobalt, 
chromium and tungsten, their life can be increast more than 
ten times. Stelite is another mat’l used. 



1.1.54. l^tillty. Shovels will handle much the same mat Is as 
grabs (sec 1.14), and will dig much harder mat’l. even loose 
rock or ore They will easilj/ handle mixtures of earth and 
debriw, and are of great servis in digging ore or coal, tearing 
up road surfaces, old foundations, floors, walls, in excavation 
of basements, grading, sewer work, quarry excavation and 
gravel pits, irrigation and RR work. Special compact shovels 
for underground work are often satisfactorily used for ex- 
cavating subways and tunnels. 


1.155. Operating Speeds range as follow-s, the figures being 
in seconds for each operation of a complete cycle: — 


Maximum* 

Average! 

Minimum* 


Loading Swinging Dumping Returning Total 


16 

7% 

5% 

7y4 

34 

9.6 

6.0 

2.4 

6.2 

24.2 

7 

51/4 

2 

6% 

21 


the maxima being usual for poorly blasted rock, and the 
minima for good common mat’l. 


1.150. Delays. The following are taken from figures given 
by Andrew P. Anderson, Roads & Sts, '34 July, p 255 et seq, 
obtaind from 61 power shovel highway jobs:— 


Minor delays, per cent 

Hauling equipment .. 9.9 

Shovel, mvg, repairs. 9.1 
Miscellaneus l»*^ 


Major delays, per cent 

Weather 14.9 

Shovel, mvg, repairs.. 9.5 
Miscellaneus ........ 6.0 


* Eng News-Record, '29 Nov 28, p 860. 
t Roads and Streets, '34 July. 
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1.157. Rffect of Material on time req'd to load dipper; g-ood 
earth, 5.7 secs; earth and some rock, cemented niat’i, 8,4 
secs; poorly blasted rock, 10.3 secs; very poorly blasted 
hard granite, 16.7 secs. 


1.158. DimenHionM. The following figures are averages; 
the smaller sizes being taken from mfr’s catalogs, while the 
larger sizes are those of RR power shovels from Mat’l 
Handling Cyclopedia by Simmons-Boardman Pub Co. 


Capacity of dipper, cu yds 2/3 to 1 

Length of boom. B; tt . . . ... 18 to 22 

Length of dipper handle. T, ft .. 14 'to 17 

Dumping radius, max lift, ft.... 24 to 27 

Maximum height of cut, It 19 to 21 

Maximum dumping height, It..,. l.‘> to 15 

Digging radius, ft 27 to 29 

Height of boom at max angle, ft. 24 to 2.0 

Max height, boom lowerd, ft 12 to 15 


to 6 

24 to ‘nVi 

17 to 201/3 

26 to 32 

16 to 18’^ 

26 to 3:i 


In a 3/8 cu yd full revolving .shovel, 
with angle of with angle of 

boom 40® 60® boom 40® 60° 

max dumping ht, max digging rad, 

ft 12 17 ft 2 IV 2 

max dumping raU, depth of digging, 

ft 18', 14^4 ft 3V2 2 

max digging ht, ft 16 V 2 21% swing of boom, ft. 15 11 
Some of the smaller machines may lie transported on a 
heavy duty motor truck. 


1.150. Miniature Shovels or Loaders are available, of 
somewhat different designs, but very compact, being but 
little if any taller than a man, some of th^ni having no 
slewing device and depending upon their caterpillars for 
changing direction, yet they are mostly over V 2 cu yd 
capacity. 



1.10. SkiinmerH 

A skimmer, skimmer scoop, or hor’l crowd shovel, Fig. 5, 
is akin to a shovel or dipper, but with more restricted 
movement A dipper stick Is not used, the skimmer bucket 
being arranged to be slid long'ly along the boom by cable 
from one of the engin drums. When digging, the boom is 
kept level or at grade desired, and the bucket is pulled out 
along the boom until full, when the boom is raisd and 



PULL-SCOOPS. 


5805 


turnd hor’y until over the tru<l< or place where the mat’l 
is wanted. The load l.s diopt by either tilting the bucket 
down, or by unlatching a pivoted bottom. 

CnpacitieN from % to abt 2 cu yds. A % cu yd machine 
can handle 400 to 500 cu yds or over of loose dirt per day. 

Utility is limited chiefly to operations that might be 
called “skimming", i e, .shallow ex<*avating along the sur- 
face, tearing up old roads or highways of almost any mat’l. 
The machine is simpler than the dipper shovel with its 
boom and stick, and more easily levels off large surfaces 
with satisfactory accuracy. 

DimenKlonN. In a % cu yd machine; length of boostij, 
16'; lift, 16'; min lit of machine, 15'; max ht, boom raiisd, 
23%'; hor length of cut, 12%'. 


1.17. Pall-Scoop, 

also called Pull Shovel, Goose-Neck, Trench Hoe, Back Dig- 
ger, or Back Hoe. 

Pull-scoops, Fig 6, may be regarded somewhat as dipper 
shovels in reverse, except that the “stu k", T, does not pass 
thru the boom, B, but is pivoted to the outer end of the 
boom, and the cutting bucket, K, is pivoted to the outer end 
of the stick, facing back toward the engin. It dumps by 
tilting. Pull-scoops are readily interchangeable with skim- 
mers, sec 1.16. 



CapacItIcM from abt % to 2 cu yds. In hard digging In 
trench work, all day may be req’d for one 12' length of 
pipe; in easier ground, enough may be dug for 10 or 16 
lengths. 

Utility. It is useful for digging pipe, sewer or other 
trenches, as deep as 25'; but can be swung hor’y like a 
shovel or skimmer, so us to excavate areas as well. It can 
cut thru hard slate, shale, blasted rock or a foot of frozen 
dirt. See also 7.6, trenchers and ditchers. A hook on the 
bucket may be used for laying pipe. 
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1 . 18 . Scraperti 

1.180. Scrapers are of many types and are operated in a 
number of ways. They consist essentially of a strong box, 
usually open at one end and more or less on top, with a cut- 
ting edge at the open end of the lower side, and means for 
dragging along the ground. When the scraper reaches its 
destination, it is dumpt so as to spil out the niafl. Scrapeis 
may be puld by horses, tractors, cables or almost any other 
means. 

Their utility lies in clay, soft shales, loam, sand, gumbo, 
gravel, etc. They become troublesome in wet mat'l, or 
mat’l containing large boulders or snags. Their size is 
varied according to the power used, and their form accord- 
ing to the kind of mat’l and the service to be renderd, such 
as gutter-work, back-filling, ditching, grading. In some 
types a double bottom is ernployd, the outer shell of which 
may be removed when worn thru, before wearing out the 
main body. In others rlb« are attacht to the bottom, tlio 
they seem to be of doubtful advantage. 

Length ot haul. As they are excavating as well as trans- 
porting devices, too large a percentage of their time should 
not be spent for hauling, so that it becomes better, if the 
haul is over 100' or so, to resort to some other device or 
combination, such as power shovels and wagons or truck.s, 
each of which may be kept working almost continuously at 
its own specialty. The economical limit of haul is variously 
set at anywhere from 100' to 250', tho some mfrs claim as 
high as 1500'. 

1 . 181 . Horse-drawn drag-scrapers or sllp-scrapers. and 
wheei-serapers. See pp lOSb-lOai.. . Art 12. (Note the ne- 
cessity for pro-rating costs from the assumed $1 per 10- 
hour day). In mfr, the material of the scraper should have 
been bent or workt into shape when cold. 

laSS. Tractor-dravrn scrapers (on wheels or caterpil- 
lars) to be puld by tractors, may be very much larger than 
those puld by animals. Some are arranged to be drawn in 
trains of 3 or 4 units. Nearly every mfr has his own special 
form or device. One type is crescent-shaped; another is 
cylindrical in form (the axis of the cyl lying hor’y at rt 
angles to the line of travel) having an open side with a 
cutting edge in front, the dumping being accomplisht by 
permitting the cyl to rotate; another is bottomless, the 
earth being dragd along with it; while still other types, by 
means of a moveable lower lip, gather the mat’ls into a 
large bin, from which it may subseiiuently be dumpt or 
forst out. Some are reversible and may be dumpt by back- 
ing up. Some are controld from the tractor by cords or 
caoles. Not a few are provided with power control, using 
oil or air to adjust and maintain the ht of the cutting edge, 
so as to control depth of cut, and either to dump all at once 
or distribute over a distance. 

Capacities range from 1 or 2 cu yds up to 6, 8 or 12. The 
rate of earth handling varies too greatly with the size, 
length of haul, character of ground, speed of tractor, etc, to 
be stated even approx’y; but may ordinarily be estimated 
fairly closely by computation. Some mfrs have prepared 
tables or diagrams which include most of the factors. Most 
scrapers will drag along with them considerably more than 
their computed capacity. 

81 sc» of several makes of tractor-drawn scrapers; cutting 
width, 5' to 10'; ht at back, 22" to 48"; wts, 750 lbs to nearly 
6000 lbs, and as high as 17,000 lbs in certain forms. Trac- 
tors to pull such scrapers must be capable of 10 to 30 HP 
>r more; those of 12 cu yds cap, from 76 to 100 HP. 
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1.183. Derrick- or Cranc-opcrotcd scrapers are usually 
called Drafc-liine Scrapers or Dras-Line Excavators. They 
are much the same as where used for dredgingr; see p 581b, 
parag'rafs 24, 25, 27 and 28. For this work, some buckets 
are constructed for rear or back damping; by being provided 
with a door or flap controld by a latch, as in dipper buckets, 
but they are usually dumpt by releasing the drag-line. 

For capacities, see "Dimensions”, below. 

Utility. As an excavator, the drag-line is perhaps more 
generally useful than any other excavating machine. The 
bucket IS lighter than other types, and this combined with 
the direct pull of the drag-line, makes possible a lighter 
and longer boom. In addition, the operator, by pulling the 
bucket toward the crane and then releasing, can throw the 
bucket beyond the end of the boom some 30% farther than 
the length of the boom. It can handle all loose earthy 
mat’ls, and do good work in blasted rock, or in handling 
boulders, stumps and root.s. It has exceptional range of 
high and deep cuts. At Taylorsville (Miami Conservancy) 
machines excavated as deep as 63', and as high as 37'. It is 
accurate enough for effect! v loading of trucks and cars; and 
is largely used for mine stripping, drainage and canal exca- 
vating, levee building and trenching. It can build its own 
"trackway” ahead and clean up behind. Thus, in Miami 
Conservancy work, machines crost shallow rivers by main- 
taining "moving islands” for themselvs, which they kept add- 
ing to ahead as they crost, while they restored the river 
channel by digging out behind. About the only disadvan- 
tage is a tendency to cut Irregularly, leaving an uneven 
surface. In the Miami work this was largely corrected by 
going over the ground afterwards with heavy drag plat- 
forms or frames. This resulted in an earth surface within 
6" of that intended; a max variation of 1' in rock; and 2' 
under water. 


DlmpnslonM. The figures below are average.*? taken chiefly 
from the catalogs of well-known mfrs. 


Capacity, cu yds.... % 

Boom length, ft.... 30 38 

Dumping reach, ft, 

boom 25® 32 39 

Add’l throw beyond 

dumping reach... 13 13 

Dumping, ht, ft, 

boom 40° 15 20 

Max ht, boom 

lowerd, ft 11^/6 12 

Depth of cut, ft 16 18 

1‘ull on bucket, tons 6 8 

Drag-line speed, ft/ 

min 110 100 

Botating speed, 
rev/min 5 % 3% 


1 

1 % 

2% 

5 

10 

40 

40 

85 

155 

160 

42 

42 

92 

164 


13 

13 



40 

21 

22 

45 

71 


12 

15 




19 

21 

58 

75 


101^ 

12% 





116 110 

3% 2^ 0.85 


Machines up to and including cu yd cap can usually 
be transported on flat-car without dismantling. 


OperatiM. See p 581c, para 25. Drag-line scrapers can 
be used in many ways. A favorit method is to arrange them 
in "series”, so that one can pass mat'l on to the next, and 
BO on. For suggestions and accounts of plans adopted, 
see Eng News-Rec ’31 Apr 16, p 636, etc, and ’32 Jun 2, p 796, 
etc. Speeds range for the usual small machines from 200 cu 
yds/8 hrs for loading into wagons, 250 to BOO for excavation, 
350 to 600 for ditch cleaning and RH drainage. Delays on 
the Miami Conservancy District; Englewood dam, 1920, from 
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1.7% to 18.1% in different months, but with the av for the 
season 7.7% for steam maehines, and 7.8 for electric. On 
the Huffman dam, HlJl, (electric), 21.6%. In all of these 
“waiting for cars” V’as responsible for half or more of the 
delay. 

1.184, Cable-operated scraper.s are treated under 4.1. 

1.19. Pile Driver 

attachments, consisting- of vert hammer g-ide.s, may be at- 
tacht to the ends of the booms, and the. hammer operated 
by the hoisting line. 


1.2, CABLE 

1.20. Hemp rope is seldom u.sed for any prolonged hoisting 
or conveying operations, wire rope being used almost exclu- 
sively for such work. See also pp 1386-8 incl. 

1.21*. Hoisting cable should be of a flexible type, hemp 
center, plow steel, known as 6 X 19, hang lay. Life is about 
60% greater than for drag-line ( below >. 

lJi2*. Drag-line cable as aliove, but with wire or wire-rope 
or wire-rope center. Life;* cable hauld 45,000 to 60,000 cu 
yds at a cost for cable of $2.06 to $1.22/1000 cu yds of ex- 
cavation. 

1.23. tUse and Care of wire rope are very important, the 
replacement cost being estimated as betw .50 and 80% of all 
maintenance. Bad handling may increase the cost 2 to 1 
times, or even 10 times* the cost under careful handling 
Care should be taken to unreel a shipment of cable as a 
spool of thread is unwound, and to keep the unwound cable 
out straight and under control, so that it cannot slip out of 
hand and kink. It should be clampt before cutting to pre- 
vent untwisting. Operators are likely to be indifferent and 
to cause great damage to cable quite unnecessarily, espe- 
cially by jerking or kinking The winding drum and all 
sheavs over which the cable passes should be of ample diam, 
from 400 to 500 times the diam of the individual wires, and 
kept in good alinement, the drum groov.s should fit the 
cable, and if possible there should be not more than one 
layer of cable on the drum. Frequent lubrication is impor- 
tant, especially when the rope is to be idle for weeks or 
months, exposed to the weather A cable showing more 
than 6 broken wires in any foot of its length, or has 3 or 
more adjacent broken wires in the same strand, should not 
be used. (J. Feld, Civil Kngg, ’.31 Dec, p 647). To minimize 
enforst idleness of machines, extra lengths of cal>Ie should 
be kept on hand ready for immediate use. 7’here is prob- 
ably no economy In obtaining any but the highest grade. 


1.3. MASTS AND BOOMS. CRANES AND DERRICKS 

Masts and booms, except where part of a mfd hoisting or 
excavating unit, are often specially built for the work in 
hiand, and are usually of wood or steel. Caution. They 
must of course be carefully designed as long coliims (but 
jee recommended dimensions under 1.311 and 1.312, below) 


• Most of this information from “Construction Plant, Meth- 
ods and Costa”, by Chas. H. Paul, Miami Conservancy Dis- 
trict, Dayton, Ohio, 1925. 

t Chiefly from article by Herbert MacMillan. Eng & 
Hontr’g, '31 Jul, p 175; and the Miami report above. 
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not neglecting ample allowance for overloading due to sud- 
den stoppage of a descending load by the hoisting cable, 
accidental lateral impact, and, in the case of booms, for the 
wt of the boom acting on itself as a beam, making further 
allowance for side stresses due to sudden stoppage of the 
boom while being lowerd. 


1.30. Materials 

1.. 301. Wood is often used for masts and booms for mod- 
erate loads. Iron or steel fittings may be obtaind, such as 
foot blocks, mast steps and tops, boom seats, caps, stiff-leg 
straps, boom bands, hack-leg bottom plates, sheavs in blocks 
ready for framing to the timber, etc, for the complete con- 
.■^tiuction of derrick frames. See also 1.31. 

1.. 302. Steei masts and booms are usually built-up struc- 
tural members with latticing. 

1.:t03. Aluminnm alloy booms have been built as long as 
170' or more. 

1..31. Derricks 

Generally speaking, a derrick is a hoisting device in 
which the mast (carrying .sheavs at or near the top over 
which pass ropes controlling the load and the end of the 
boom) is kept vert by means of guys or strut.s, and is not 
lapable of movement over the ground without dismantling. 
(Towers used for oil wells and lor pile driving are called 
“derricks” also, even tho they are usually stiff enough to 
icQuire no lateral supports at their tops). 



l.,3H. In a Guy derrick, Fig 7, the mast, M, is kept vert by 
means of wires or cabled or rods, C, C, C, in tension. Theo- 
retically, three should be sufficient, but it is well to have 
five, so that in case one breaks, the derrick will not fall. 
The safe sizes for such guys may be computed, knowing 
their inclination, the wt and angle of the boom, and the 
loads to be handled, making ample allowance for Jerking of 
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the load. The following dimensions for wooden guy der- 
ricks are recommended by Mat'I Handling Cyclopedia; — 


Capacity 

Tons Mast 

1% 34' X 8" X 8" 

6 50' X 12" X 12" 

16 60' X 16" X 16" 


Boom 

25' X 6" X 6" 
40' X 10" X 10" 
50' X 14" X 14" 


Probably 40-ton capacity derricks, and even smaller, are 
better made with steel masts and booms. 


1.312. In a Stiff-leg derrick, Fig 8, the mast, M, is kept 
vert by two or more stiff members, P, P, inclined at abt 
45°, spaced abt 90“ in plan. For light or “home-made” der- 
ricks, these may be simple timbers, similar to the mast and 
boom, but are usually remforst at their middles either by 
additional struts, 8, 8, to the ground, or by added thickness 
or “trussing”, for they must be able to sustain their own 
wt as inclined beams, and to take compression, and are 
usually nec’y longer than the mast. The following dimen- 
sions for wooden stiff-leg derricks are recommended by 
Mafl Handling Cyclopedia; — 


Capacity 

Tons Mast 


Boom 


IVz 16' X 8" X 8" 

5 26' X 12" X 12" 

12 3.V X 16" X 16" 

33 36' X 22" X 22" 


25' X 6" X 6" 
40' X 10" X 10" 
50' X 14" X 14" 
55' X 20" X 20" 



The largest of three st/ff-Ieg derricks used in the con- 
struction of the Boulder (formerly Hoover) dam, had a 
boom length of 180'; mast ht, 75'; legs of abt the same 
length, since they bore almost hor'y agjainst the canyon 
walls; and had a capacity of 12 tons. (Eng News-Rec, ’34 
Jun 28, p 832). Others have capacities of 60 tons or more. 
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1.3121. A Jlnniwlnk is a stiflf-legd derrick in which 

the lower ends of the legs and of the mast are attacht to 
the ends of a hor T-shaped frame of timbers, >vhich can be 
lasht to the floor of a building in course of construction, and 
then moved about from place to place as req’d. Capacities. 
3 to 5 tons. 

1.313. A Gin Pole consists of a single pole, slightly inclined 
and supported by four guys. The hoisting line passes over 
a sheav near the top. It can handle loads only vert'y under 
the upper end. It can be readily rigd up on the Job, and so 
may frequently be of use, as may also 

1.314. Shears, which consist of two poles mounted like the 
A-frame of a dredge, and similarly inclined, being held in 
position by a back-guy. 

1.315. Tripods, consisting of three stiff legs, need no guys, 
but can handle loads only well within the space embraced 
by them. These are dangerus on a hard smooth surface 
unless the feet of the legs are properly tied to each other 
to prevent spreading. 

l..3l«. SnlkieM. It may be worth while in the case of small 
ngs (tripods, shears, etc) to mount a pair of wagon wheels 
on an axle against two of the members, the axle being hori- 
zontal. By tipping the outfit over and bringing the wheels 
to the ground, it may be more readily moved from place 
to place. 


1.32. Cranes 


In the predominating type of crane there is no tall mast 
or tower requning guying. The hoisting and boom lines 
are attacht to tlie engin or motor or to the base or to an 
A-frame such as that in dredges, the device being kept 
upright by virtue of the width of its base and the wt of 
the engin or motor and cab (mounted well to the rear) and 
possible counterweights. 

I'tlltty. Probably no other type of machine for hoisting, 
conveying and excavating is more versatil and in more 
general use. By varying the boom and attachments, nearly 
all makes can be used, as simple hoists, as shovels (Pig 4), 
or to handle clam-shells or orange-peels, skimmers (P'lg 5), 
drag-lines, backdiggers (Fig 6), or pile drivers. For their 
respectiv utilities (except hoists) nee necH 1.14 to 1.18 Incl. 
Care should be taken that the load does not tip the crane. 
Tipping depends upon the dist of the load from the center 
of the crane, as well as its w't, and possible jerking by the 
hoister. 


DlnienKlonM, etc. The following data are closely repre- 
sentativ of average practice, there being but small varia- 
tions between different makes, — 

J‘ipper of bucket, capacity, cu yds.. % i 

Boom length 

for clamshell or dragline, ft 25-35 

for shovel, ft 

Dipper stick, for shovel, ft 12 

Travel speed, 15% grade, ml/hr.... 

“ “ 30% grade, mi/hr 

Overall length, ft 9% 

Working weight, thousands of lbs, 

approx 

Swing speed, rev/min 

HP (gasoline) 42 

In the cranes “Hercules" and “Ajax" used on the Panama 


25-35 

16 

18 

18 

35-40 

18 

12 

14 

14 

14 


1.6 

1.5 

1.5 


0.4 

% 

% 

9% 


11 

13 

' 20 


50 

60 


4.8 

4.6 

4.5 

42 

47 

70 

80 


canal (Eng News '15 May 13) there was a tower, from the 
top of which the boom projected, but it was not guyd, and 
obtaind its stability from the barge on which It Was 
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mounted. A floating crane of ^00 tons cap w&ft used at the 
Port of Havre (Eng News-Rec, ’34 .June 14). Cranes of 
similar design, sometimes referd to as “Portal CraneH’% are 
largely used on docks. 

1.321. Jib, Pillar or Foundry Cranes. While .some are 
maintaind upriglit by means of a post or mast embedded in 
the floor, they ai e usually supported at their tops by fram- 
ing to a wall or to the ceiling or roof. Either an imlined 
jib or boom is held up by connections to the top of the 
pillar, in which case a load <‘an be handled only Irom the 
boom’s end, or else the arm extends hor’y from the top of 
the pillar, and a hoist (.sec 2 2) is moiynted on a trolley 
moveable hor'y along the boom, in which case a load can be 
handled anywhere within the circle .swept by the booni. 
Jib cranes are usually shop fixtures and have little use in 
eng’g construction. 

1.322. Hatnniorhead cranes have a boom permanently hor 
which is mounted on a tower (without guying), tlie ]«»ad 
traveling along it as in jib cranes. These too are generally 
used in permanent positions, as on do< ks, supply yards, et<-. 
A notable exception was tlieii use on the toweis ol the 
West Bay crossing of the .^an b^rancisco-Oakland Bay 
bridge (Construc’n Methods, Aug, p .33). 


1.4. ROTATION. SWINGING OR SLEWING 

of the boom is aecompli.sht in different ways. In derrlcka 
mere pivots are piovided at the lops .and bottoms of the 
masts which may then be swung by hand or by power by 
means of a bull-w'heel, (3' to 16' or more in diam). In 
cranet* the boom is usually mounted on the platlorni or 
"base” on which is mounted the engin c»r motor. This plat- 
form acts as a turntable, riding on wheels or rollers ar- 
ranged on the circumf ol a ciiele, ami lesting on the floor 
beneath or upon tiie frame of the ear or truck W'hich is 
provided for motion over the ground, notation is effected 
by the eiigm or motor driving a veit shaft w'hich extends 
down thru the platform, carrying a small gear w'hich en- 
gages with a large gear mounted on thi' name below. 
Thus there is u.sually no limit to the angular motion of 
such a crane, sometimes referd to as a “whlrley” or 
*<wlilrler”. 


1.5. HORIZONTAL HOTION 

Many methods are available for moving the hoi.sting, con- 
veying or excavating machine as a whole, aside from sucli 
hor motion as can be obtaind by trolley on jib crane, by 
changing elevation of boom, etc, depending largely upon 
the kind of surface to be traverst. 

1J»1. via Water 

Machines mounted on vessels may of course be moved 
wherever there is sufficient draft. While sometimes it may 
be practicable to have the boom reach over land, so as to 
serv for hoisting and conveying, the usual use is for dredg- 
ing, or excavating under water. Mee p 6S1, et aeq. 

1.52. Sklda 

may be used where the machines are not very heavy, but 
in view of the many modern methods available, they need 
seldom be resorted to. 


1JI3. Rollers 

rolling on prepared plankways constitute an improvement 
on skids in that they greatly reduce friction. 
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1.54. Flanged Wheela on Track Kaila 

are a further development and further redu< o friction, hut 
require more elaliorate preparation, if the ground is hard, 
the preparation may be easy; but if soft, it may be advis- 
abie to construct a track almost as elaborate as for a RR. 
Indeed, for heavy machines, two standard sag'e tracks may 
be advisable or necessary. This is often used lor derricks, 
ordinarily immovable without dismantling?. For the build- 
inf? of dams, lonf? buildings, stadiums, elevated RRs, etc, 
rails may often he laid along^ the structure. Where two 
rails may naturally come at different elevations, the frame- 
work under the derrick may have legs of correspondingly 
different lengths. 


1..54n. A Locomotive Crane or .Shovel consists of a crane 
mcchani.«^iri (see sec l.lt:!) mounted on a railroad llat-car or 
flame, on one or preferably two four- or six-wheeld trucks 
(u.suallv standard HR trucks), the wheels being driven 
by flower transmitted down thiu the central shaft or pivot, 
from the engin or motoi. 

I'llllty. Within reach of a RR track, its uses arc approx 
those of other cranes, being largely used not only for 
wrecking, but also for digging ditches, taking care of em- 
bankments, dnving piles, erecting bridges, etc. 


DimenMionK, etc. 

(’apacity, tons 

Hoorn length, ft 

Speed, mi /hr 

Max grade, % 

Min curv, rad, ft 

Overall length, ft 

Weight, thousands of pounds 

.Swing speed, rev/min 

HR (gasoline) 


15 

20 

25 

40 

45 

50 

.2- 1 

2-41/4 

43 

KVa 

8V.S 


. 55 

55-60 

60 

25 

25 


! 83 

120 

142 

. 4 

4^ 

4-5 

. 80 

97 

140 


ImIS. WheelK on Ground 

Metal tires or rims of gieat width with deep markings 
are sometimes used with satisfaction where the roadway 
IS fairly good. But it is generally moie satisfactory to use 

Rubber tires, which are of four mam types; (1) solid, 
(2) "cushion”, with a hollow tunnel thruout its length, or 
other forms of hollowing, (2) "high pressure”, using from 
50 to 100 Ibs/sq in, and t-l) "balloon”, using from aht 30 to 
as little as 5 Ibs/sq inch in the super-balhmn or “doughnut 
tires. Where .soft or wet ground muy be encounterd, the 
laiger tires are prelerahle, as they exert lower unit pres- 
sures on tiie ground. Apparently, suction greatly vitiates 
the law stated under "2nd” on p 410, and the grooving or 
other surlace patterns used afford greatly exaggerated 
roughness, thu.s greatly inereasing the traction of the 
larger tires over that of the .smallei solid and cushion tires, 
so that the greater care req'd for maintenance is well 
worth while if actually put into effect. There should be 
caret ul application or attachment of tire to rim, correct 
wheel alinenient, no overloading, proper air pressure, mod- 
erate acceleration and deceleration, no skidding, avoidance 
of sharp objects in the road, and no high speed with heavy 
loads or at sharp turns. Where even a small fleet of trucks 
is employd, there should be one or more men detaild to 
attend to tires, their inflation, cuts and punctures and load- 
ing. Bonuses to drivers for Increast tire mileage have 
proved profitable. Much can be done by a skilful driver to 
avoid allpplng (whicli reduces tractiv effort. Increases dan- 
ger of accident, and increases wear) by applying power 
gradually when starting, and stopping by applying brakes 
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carefully and leaving the engin in gear until almost stopt. 
At any given speed, the Impact of a solid tire over a given 
obstacle or road roughness has been found to be abt double 
that of a balloon tire. Dual or double tires, in which two 
wheels with tires are used side by side in place of a single 
wheel and tire, are frequently used for rear wheels and for 
trailers, to carry heavier loads. Additional care is needed 
with duals to avoid unequal division of the load betw them, 
as by running the outer one off the edge of a road, or using 
unequal pressures. As high as 16 doughnut tires are some- 
times used under trailers, in which cases equalising devices 
are provided to distribute the load evenljr. 


IJM. Caterpillars, Crawlers 

(We here treat only of the running gear that goes by 
these names. Tractors using caterpillar mechanism are 
also called “Caterpillars”, but are treated in sec 6.44). 


IJMl. Construction. The caterpillar or crawler running 
gear consists of two endless bands, CC, Fig 4, one on each 
side of the vehicle, tractor, crane, excavator or other ma- 
chine to which it may be applied. Each band passes around 
two large wheels, WW, with teeth or sprockets with which 
it engages, the two rear or front wheels doing the driving. 
There may be two or more additional wheels, LL, on each 
side, to keep the entire lower portion of the band prest down 
against the ground. Each band is several ft wide and the 
length on the ground is 5 ft or much more, giving a bearing 
surf of 25 sq ft or more, far in excess of what even a large 
number of balloon tired wheels can afford, thus greatly 
reducing the penetration of the driving mechanism into the 
ground and the depth of the resulting hole continually en- 
counterd. Usually each band is made up ol a series of 
plates of hardend steel, linkt together, often provided with 
transvers ridges, webs, grouters or grousers: but continuus 
rubber belts have been used as well. In some makes, the 
metal belts are readily detachable, when the machine may 
run on its wheels at higher speed. The device is, in effect, 
a locomotiv running on a cog ry or rack track which Is 
automatically laid on the ground ahead of the wheels and 
taken up behind them and brought forward again. None of 
the wheels are arranged for ateering or turning, and this is 
accomplisht by retarding the band on one side, and main- 
taining speed on the other. With one belt held fast, the 
machine may be turnd 180® in almost if not quite its own 
width. 


1,562. Operatlou is effected almost invariably by a gasoline 
or oil engine, with clutch and brake for each band. Speeds 
may range from 2 to 10 mi /hr, but at higher speeds, the 
machine becomes cumbersome and noisy with much impact 
due to the flapping of success! v plates onto the ground. 


1.563. Horse-powerM and weighta depend upon the type of 
machine to which the caterpillar is applied, such as tractor, 
excavator, etc, q v. 


\JSA4t, Utility of caterpillars is very great, and altho super- 
balloon tires nave been encroaching on their field where the 
road or ground is not too difflcult, yet caterpillars excell for 
use on rough and irregular ground of sand, muck or mud, 
with steep grades. They may be used under tractors, 
cranei^, excavators, etc. 
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1.57. Walkeriy 

are machines provided with a device on each side that acts 
together as legs and feet, tho both move simultaneusly, 
and the whole machine is advanst much as a man walks on 
crutches. Each leg is driven by suitable gearing, and to its 
lower end is attacht a hor member or foot whose lower surf 
is amply large to support the entire machine without sink- 
ing into soft ground. Normally, when digging (it is usually 
applied to drag-lines) the machine rests on its own base 
and the feet are raisd several feet from the ground. To 
‘‘walk”, the mechanism causes the lower ends of the feet to 
be thrust forward, then down against the ground until the 
base of the machine is lifted, and then, by a rearward 
thrust of the legs and feet, the machine is skidded forward. 
By repeating the steps, the machine may be advanst as de- 
sired. The direction of travel may be changed by merely 
rotating the machine, with its walking mechanism, on its 
base, as other cranes and shovels are rotated. As ordinarily 
mfd, “walkers” have booms 35^ to 175' long, and can handle 
buckets up to 20 cu yds. Each “step” is about V, and walk- 
ing speed about 187niin. 


1.58. Trolleys on Monorail 

or overhead tracks are seldom practicable for engineering 
construction on account of the difficulty of constructing and 
shifting the tracks as the work progresses. They are used 
mostly in shops. The cableway, (sec 4) is usually far pref- 
erable for construction work. Trolleys are used on the hor 
jibs of cranes (sec 1.321) or on traveling cranes (sec 1.59). 
or on overhead tracks or monorail, or cableways. The trol- 
ley may be a mere car or truck carrying a hook hoist, 
propeld by pulling or pushing the hanging load, or the 
wheels may be geard for propulsion by pendant hand chains 
or other means, or by a motor on the trolley, operated either 
from the ground, from a distance, or from an operator’s 
cage on the trolley. The trolley usually runs on four wheels 
bearing on. the lower flanges of I-beams supported by their 
upper flanges. Such tracks may be provided with moveable 
sections acting as switches or turntables. 


1.59. Traveling Cranes 

In these, loads are handled from a trolley running on a 
“bridge", which in turn runs at rt angles on tracks on gird- 
ers near the roof. They are usually permanent installations 
in shops, and not practicable for eng’g construction. But 
see sec 1.64. 

1.591. Gantries or Bridge Cranes are similar to traveling ^ 
cranes, except that the “bridge" is usually stay’y, or, if it is 
moveable, the colums or towers on which it is mounted run 
on tracks on the ground. 


1.6. POWER MECHANISM AND POWER 
1.61. MeehaniMUi 

For practically all of the hoisting and excavating ma- 
chinery described in section 1.1 and its subdivisions (1.11, 
1.12, etc), and also in 1.31 (derricks) and 1.32 (cranes), 
there is used or may be used one or another hoisting mecha- 
nism described in 2.22 and subdivisions, the number of 
gears or drums and lines depending upon what is to be 
controld, which may Include hoisting (2 lines for “grabs”), 
“crowd”, boom elevation, slewing, and movement over 
ground. 
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l.«2. Power 

The engin should be capable of exerting great force at 
starting, and at low speeds, especially where digging is 
involvd. The fuel should be chea^) and such that it can 
readily be transported to the machine and stored, and it 
should not injure the engin. The engin should be of a type 
readily understood and operated. 

1.621. Aniittals. A caution may be in order at least to 
consider the use of animals for certain purposes. .Scrapers 
and light graders can be had especially dosignd to be pulled 
by horMes, mules, etc. While the probable economy of horse 
rs mec'hanical power «‘an be estimated for any given job, 
other considerations may enter, such as the availability of 
power machinery and men suitably skild in its use, as con- 
trasted with that of horses and farmers or others (corn- 
parativly unskild with machinery) to handle them. See 
also pp 683-88 Inch KlephantM, obtaind from circuses, some- 
times available during the winter, have been used for mis- 
cellaneus handling of logs, jioles or other objects, and even 
the pushing of vehicles as heavy us freight cars. 

1.622. Electricity, where and when available, is especially 
good for the slow heavy starting pull, and has simple con- 
trol. See also p .'>81 t, para 116. 

1.623. Steam is especially good for the slow heavy start- 
ing pull, and has simple control, but the boiler’s great 
weight is useful only as a counterweight, and the boiler 
may be troublesome on account of poor water, the fuel is 
cumbersome (even if oil is used), it is slower to start after 
shutting down, and is much less efficient than an internal 
combustion engin. By 19.30 it had almost gone out of use 
except for locomotive cranes. 

1.624. Gas (not ga.soline) being generally not available, is 
seldom to be considerd. 

1.625. Gasoline is still (19.37) the most generally favord. 
Gears and clutches have been so developt that it can largely 
overcome slow heavy starting pulls. It is more efficient 
than steam, and the fuel is available almost anywhere. 

1.6251. GaMollne-cleetric, in which a ga.'^oline engin gener- 
ates current for an elcctrii- motor or motors, has been 
resorted to and of cour.se avoids many gears, and can exert 
great starting lorce, but it i.s not geneially used. Initial cost, 
involving not only a gasoline engine and one or more elec- 
tric motors, but also a dynamo, must be copiparativly high. 

1.626. 011 engins cost somewhat more than ga.soline en- 
gins, but the operation is a.s simple and th.e luel cheaper. 

1.627. Dle«el engins are being developt until they are now 
(1937) largely replacing gasoline engins. They are more 
capable than gasoline for slow heavy pull.s. They cost about 
twice as much, but the fuel costs only about 25% as much 
as gasoline. The choice dejiends chiefly on whether the 
future use of the machine woll effect suff saving to pay for 
the greater first cost and interest as compared with gasoline 
engins. They are more complicated and require special 
devices or engins for starting. 

1.628. ComprcKt Air is largely used where it Is available, 
as where rock-drilllng is being done. 
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2.0. ELEVATING DEVICES 

2.1. JACKS 

Jacks are compact and readily portable devices capable 
of moving (especially liftinf? or lowering) heavy objects 
thru very short distances only, but can often be used for 
precise movements in very crampt places where other de- 
vices could not operate satisfactorily. 

2.11. A Mec'hanical Jack, Figs 9, a, b and c, consists of a 
frame, F, which may be placed on the ground or other solid 
support, thru which slides a plunger, G, carrying a bearing 
plate, B, at its upper end, or a step (not shown) on one 
side, for supporting the load to be lifted, or for pushing 
laterally or otherwise. lietween the frame and the plunger 
there is gearing which makes it possible to lift the load by 
means ot a moderate force applied to the end of a lever. 
(Only the socket, L, into which the lever is fitted, is shown) 
In many cases (his is merely a heavy Mcrcw-thread on the 
plunger, and the plunger is turnd by a stick or rod past 
thru holes in it, the top bearing plate being swiveld; or 
fhg 9a, the plunger, (i, is turnd by means of a bevel gear 
turnd by a hor shaft with a square hole into which is fitted 
a square-ended rod (not shown) with a crank on the other 
end. Or, in the rack-und-le^er jack, Fig 9b, the plunger 
carries a rack, li, which engages with gears or against 
which one or more pawls openUe from a lever. Additional 
devices are provided either for reversing the action, so that 
the load may be lowerd step iiy step, or dropt at once. In 
some cases other kinds of gearing are employd, but these 
are the more usual The load can be held by the jack only 
at the stept levels determind by the ratchet — and not at any 
level dh in the screw or hydraulic types. 



Fig. 9a Fig. 9b 

Screw Rack-and- 

Jnek Lever Jack 


Fig. 9c 
Hydraulic 
Jack 


2.12. A Hydraulic jack. Fig 9c, likewise consists of a 
frame or plunger, but the frame contains chambers filled 
with liquid. A lever actuates a pump, P, with a very small 
piston, which pumps the liquid from a storage chamber into 
a large cylinder, C, into which fits another piston carrying 
the plunger, G. Cheek and other valvs are provided for 
holding or lowering the load. Usually the pump is containd 
within the jack, tho sometimes it is separate and is con- 
nected proper by flexible metallic tubing. 
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2.13. Jacks on wheel* are available for lifting one end or 
corner of a load, as an automobile, and moving it around 
on any smooth hard surface. 


Commercial jacks may be obtaind in a great variety of 
sizes and capacities, from light one-ton capacity jacks for 
light autos, up to 50 and 76-ton cap for jacking up ry cars 
and locomotivs and structures generally. The ht may be 
anywhere from to 3'. The lift is usually a fraction of 
the ht, 1/3 to % or more, tho some, with double screws, 
have a lift as great as or greater than their own ht. For 
greater lifts, the load, when raisd as faF as possible, must 
be blockt up, and the jack then shifted so as to raise the 
load again, and so on. Wts of jacks may be from abt lO 
lbs to 400 lbs or more. Small trucks may be had for trans- 
porting heavy jacks. 


2.15. Pneumatic or other power may be applied to some 
types of jacks. 

2.16. Melting lee Cake* were used to lower telefone con- 
duit abt 3' In 500' sections weighing 60 tons. Every 6 the 
earth under the conduit was removed and replaced by 
blocks of ice 21" X 22" X 11". The remaining earth was 
then excavated gradually as the ice melted. Ihe '^‘‘^“Juit 
sank abt l/3'7hr with air temp around ^>5°. The opera- 
tion was very satisfactory. (Construction Methods, l»3.i, 
July). Melting ice has been used in other cases. 

2.17. Sand Jack* are sometimes used for the lowering 
of heavy loads such as arch centers, plate girders, etc, ana 
may obviate much cribbing and shifting of niech 1 jacks. 

In lowering a 1000 ton drawbridge over the Pa.s.saic R 
at Newark. N J, dry sand was confined in a box open at the 
top, 4' wide, 52' long, abt 11' high, built of liJ" X 
bers. Four plungers fitted into the box with % 
and settled without jerking, on releas of sand thru *. holes 
in the bottom. Pressure on .sand, 2,815 Ibs/sq in. Sand would 
not flow from holes in side. 

In lowering two 142' girders, wt 121 tons each, at Glen- 
view 111 (Eng News-Rec, ’36 Oct.8), the boxes were 3' wide. 
llMong,’ 12'3'' high, of timbers 8" X 16". Heavy timbers 
rested on the sand, coverd by a bearing plate on wluch 
rested the girders. Lowering was accomplisht by men 
standing on top of the jacks, removing the sand with small 
shovels. T 

Sand jacks used in Switzerland (Eng News, 11 Jan 5) 
we?e metal cyls. diam 26.8" ht 39 4". Metal piston, fitting 
closely, was 31^4" high. Total lowering, 24". Load 282 
tons or 1000 Ibs/sq in on dry quartz sand from sand-blast 
w?rk Hole in bottom 2%" diam. Sand flowd slowly am 
uniformly. Operation very satisfactory. A sheet of lead 
d?aped over top of jack acted as a hood to prevent entrance 
of water. 
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2.2. HOISTS 

There is much ambiguity regarding the word “hoist”, 
for the name is applied, usually without any qualifying 
word to distingruish, to (1) hoisting devices which hang 
from a support above, as described In sec 2.21, and (2) 
hoisting devices resting on the ground or other foundation, 
as in sec 2.22. To distinguish betw the two, we call the 
first “Hanging Hoists”, the smaller sizes of which es- 
pecially are called “Winches”; and the second “Drum 
Holsts”. Hoists, unless mounted on trolleys, booms, or 
otherwise, move the load only vert’y. 


2.21. A Hanging Holst 

consists of a frame, usually with a hook or other means at 
the top for attaching it to an overhead support, containing 
an assemblage of gears or other means for applying power, 
and a hook or other grabbing device hanging from the 
gears or sheavs, for attaching the load. It may be of use 
for light loads, where high efficiency and high speeds are 
not required. 

2.211. A Hand Holst is operated by a “hand chain” which 
hangs in a loop below the gearing. Pulling down on one 
side of the loop, the load is hoisted; pulling on the other 
side, the load is lowerd; while provision is made for hold- 
ing the load In position when there is no pull either way 
on the hand-chain loop. The gearing may be either a worm 
gear, a train of one or more spur gears, a planetary gear, 
a differential gear, or any one of several other special 
types. The worm gear or screw hoist, can handle loads but 
slowly, tho a heavy load requires a comparativly easy pull 
on the hand-chain; while it requires no brake to hold the 
load in position. Owing to the friction of the worm, its 
eihctency is low, around 40%. Capacity from 500 lbs to 
6000 lbs or more. Spur gears require special additional 
mechanism for holding the load when it is not being oper- 
ated, but their efficiency is high, around 80% to 90%, and 
the ratio oJ load to pull may be almost anything, depending 
upon the number of gears in the train. In the differential 
heist, only one chain is used for both hand and load. The 
chain is eontinuus and hangs in two loops, one loop hang- 
ing free for pulling by hand, and one under a sheav to 
which the hoisting hook is attacht. The two upper loops 
pass over a sheav having two groovs, one a little larger 
than the other. Thus, the larger sheav hauls up its length 
of chain a little faster than the smaller one lets down its 
length of chain; and these two lengths, passing under the 
hoisting sheav, thus move the load much more slowly than 
the chain itself moves. Lowering is accomplisht by revers- 
ing the motion. Owing to internal friction, this hoist re- 
quires no brake, but its eff'y runs from 28% to 38%. Cap, 
500 lbs to 6000 lbs or more. 


2Jil2. An Air or Pneumatic Hotnt. The simplest of these 
is a mere cylinder, containing a piston or rod, to which is 
attacht a hook or other device for attaching the load. It may 
be operated by varius combinations of air pressure, as 
(1) pressure only below the piston, (2) variable pressures 
below and above, or <3) full air pressure below and variable 
above. (2) or (3) give better control than (1) by tending to 
prevent sticking of the piston. There may be in addition an 
oil control which affords even more deflnit movement. 
Cylinder hoists have the advantage of quick movement, but 
the amount of movement Is limited by the length of the pis- 
ton, the stroke being from 4' to 8'. These may be had with 
cyls from 2 " to 24^' dlam, operated by pressures from to 
100 Ibs/sq In, with lifting capacities from 17P lbs to 40,000 
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lbs, using from 1 to 100 ou ft of free air for a i lift For 
greater movements, air-motor hoists may be used. Iiese 
are two- or three-cyl air motors, usually emplosing >eil- 
lating or rotating cyls, with a max lift ot liO', and eap. ities 
from 1,000 lbs to 10,000 lbs. 

2.213. Electric Holsts, tho generally heavier than .ir- 
hoists, are very serviceable, w’here 110 to r>r>0 volt, 1> ^ or 
A C is available. Motor, gearing and hoisting drum are all 
mounted together compactly. Control may be had (lom the 
floor by means of pendant cords, or, especially wiu re the 
hoist is mounted as a trollev running on overhead track, 
(see sec l.nS) the operator ma^ nde with the lioist, with or 
without a cab; or by “remote control” liom a coincnient 
point away from the hoist They are ot course supplied 
with one device or another, usually automatic, for holding 
the load when it is not being opeiated. Capacities run 
from 500 lbs to 40,000 Ib.s, with lifts irom :iit' to 10'. re- 
spectivly. 


2.22. WlncheN and Drum lIolstM 

are usually mounted on the ground or engm- or crane- 
platform. 

2.221. Hand Wlnehe.s or Crab.M. The simplest form of 
winch consists of a crank or cranks curning an axle, gcard 
to turn a drum on w'hich a rope i.s wound, all being held in 
place by a wooden or metal Irame. rai>acities, up to 1 Vi to 
2% tons. To hold the lioisted load, either a woim gear is 
used, or (with spur gearingi a pawl or brake is provided, 
the brake permitting lowering under good control. All 
winches and drum hoists are elaborations of this A double 
drum may be provided with special gearing for handling 
two lines. In a “double-purchase” winch, gearings are pro- 
vided whereby either of two diuin speeds may be obtaind 
from a given crank speed, with inverse changes in pulling 
force. 

2.222. Horse Winches may be useful where power is sel- 
dom req’d. By means of bevel gearing, a vert shaft is pro- 
vided, to which is attacht a long lever to which is hitcht a 
horse that walks around the winch. Provision must be 
made to lead the hoisting rope either well above or below 
the horse. 

2.223. Po'wer Holsts or Power Winches may be operated 

by any kind of power mentioned in 1.622, ef iteq. They arc 
usually equipt up to 50 to 100 tho occasionally as much 
as 300 to 400 HP or more for special hoisting and convey- 
ing. For excavating machinery, there are usually throe 
drums. See sec 1 61. These drums usually receive their 
power thru appropriate gears and clutches, altho in electric 
excavators there is sometimes one motor for each drum, 
thus reducing gearing but increasing cost for motors, “The 
modern standard heavy duty hoist would include wide, ca- 
pacius drums, brakes mounted on flanges opposit the fric 
flanges, and compact lever arrangement so that even three- 
drum and swinging gear hoists are operated from one po- 
sition The entire outfit with levers at the side; hand 

friction, foot brake, or extension levers bankt In a rack 
located at the point of greale.st operating convenience.” 
(F D Hooper, Eng News-Rec, '30, Apr 3). Many of the heav- 
ier machines are now (1936) provided with electric, pneu- 
matic or hydraulic control, greatly reducing the labor of 
the operator. 


♦Materia’ Handling Cyclopedia, Simmons-Roardman I‘ub 

Co. 
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2.224. CapHtaiiM (almost invariably power-oparated) may 
be of servis for occasional pulling-, as for short hauls of 
ears or ships, or assistance to trucks. The (hemp) rope is 
not fastend to the drum, but is merely wrapt around it 
three or four times, which makes it possible to apply a very 
strong pull to the object to be moved, by the strength of 
one man. holding back on the free end and taking up the 
slack as it is wound in. The drum or nlggerhead is con- 
caved to keep the rope from working its way off the end or 
jamming again.st the end ilange. Lowering by this means is 
a’^vkward and dangerus unless the capstan is reversible. 

2.23. Material Holst Towers or Elevators 

are of great servis in building construction for lifting 
inat’ls to different lioors, and for returning barrows, etc. 
The best location is usually 6 or 8 ft outside the building 
wall, and (»up a vert row of windows, altho they are often 
placed will in the building. 

A maL'l hoi.st con.sists of a crude elevat(<r with only a 
platform rad .side frame-work, to the top of which is attach! 
a hoistin rope. It runs in gide.s inside a rectangular 
lower, often of timber, of temporary construction, but also 
Irequentiy of steel of stock mfr with bolted connections, 
w'liuh may be u.sed repeatedly in different locations. The 
cable passes over a shcav or .sheav.s at the top of the tower, 
and thence to a drum-hoist (sec 2.223). 

For ordinary load.s, the tower uprights may be of 4" X 4" 
timbers if only a few stories high, and 6" X 6" or more if 
over 100'. For heavy loads, and especially where the lower- 
ing siieeds are high and the retardation likely to be severe, 
the tow'er should be carefully designd, and the calde stresses 
well taken care of. The towers should be braced to the 
building at intervals or maintaind upright by frequent 
guys, and completely braced by diagonals to resist hor 
thrusts due to w'lnd or irregularity of track, and to aid in 
its action as a colum, the bents being abt 6 or 7 ft high, or 
approx’y square. The size of the elevator platform will be 
governd b> the mat’ls to be hoisted, or by the barrows and 
trucks loaded on it, say 6 or 7 ft square. 

Danger in the operation of such a hoist is great. Ex- 
cessiv speeds and sudden .stops may shake the load out of 
place on the platform, and create very high stresses thru- 
out the tower. The operator must be thoroly competent 
and careful, and there should be such safety devices as 
automatic gates and interlocking signals, as may be req’d 
by law. In interior tnstalations these may be as elaborate 
as for permanent pa.ssenger elevators, especially if men 
are to ride on the hoist platform. 


2.24. Vertical Conveyors 

of the bucket type, see sec 5.2. 

2J25. Inclined Holsts 

Where material is to be hoisted up a slope, a drum hoist 
may wind a cable to the lower end of which is attach! a 
car running on a track, as is prevailing practis in mines 
having a steeply inclined passage for haulage. There 
seems to be no standard design for such a rig, and it may 
often be improvised from idle equipment on hand. In mine 
work, there are often two cars running on two tracks (pos- 
sibly using a gauntlet) thus doubling capacity and avoid- 
ing waste of power req’d to hoist one unhalanst car. The 
inclination of the cable requires the use of sheavs or rollers 
all along the slope, spaced suff’y close to keep the cable 
from dragging on the ground or ties. 
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AMl«tanee to Tracks on heavy grades may be given by a 
winch or drum hoist, a cable from the drum being hookt to 
each truck to be handled on the grade which may be as 
high as 35% or 19®, without danger due to slippery surface. 
This may be useful in removing mat'l from a building exca- 
vation. It is an old device formerly used to assist horses 
with- wagons or men with wheelbarrows up grades entirely 
too steep for them alone. 


3.0. TROLLEYS, TRAVELERS 

See section 1.58. 


4.0. CARLEWAYS 

Where there is need to transport mat’l further than can 
be done by ‘^throwing the bucket” of a crane, the crane may 
still be used by stringing a stationary or ^‘standing cable** 
or ‘^track-cable’* from the end of its boom to some distant 
anchorage. On this cable run the wheels of a trolley or 
carriage, much as a car runs on a track, tho the load hangs 
below. This is largely used for operating scrapers. 

4 . 01 . From this a great variety of forms has been de- 
Velopt; only the more usual ones being described below. 
There are two main typein, (1), seci^ 4.1 and 4.2, that in 
which the supporting cable is stationary, and the load is 
carried by a carriage running on wheels on the cable, and 
is propeld by a second moving cable, and (2), sec 4.3, that 
in which the supporting cable moves continuusly, and to 
which the carriages are attacht. Nomenclature has become 
very vague and varied, and altho we mention the more cus- 
tomary names, we shall in general use those names which 
are the more naturally descriptiv. 

4.02. rtlllfy. For utilities of special types, see “Util- 
ity” under each type described below. In general, cable- 
ways are often valuable for the excavating, transporting 
and depositing of earth, coal, ore, concrete, or other mat’ls. 
Except where moveable towers are used, irregular topog- 
rafy is no obstacle, it being perfectly practicable to cross 
deep valleys, canons, marshes, swamps or bodies of water 
(see Dredging, p 581r, para 28); and for handling mat’ls as 
timber, steel, concrete, etc, in building bridges, dams and 
other long structures. There need be no interference with 
highways, RRs, or water traffic. For moderate dists and 
loads, espec’y where a constant delivery of mat’ls is req'd 
over very rough country, the cableway compares very fa- 
vorably with a RR and usually has many advantages over 
it. It requires a min rt of way (towers being placed on 
property lines where possible), and much less mat'l for 
“track”, no earthwork, and no bridges (being itself a kind 
of suspension bridge of max simplicity®). Usually hor cur- 
vature can be avoided. Weather has practically no effect 
on transportation. 


‘ For example, a single-span cableway may be elaborated 
into a suspension bridge, carrying track and dump trains 
out on it for constructing an eaith fill. 
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4.1. Tower Cableways 

In, Figr 10 the span is shown very much shorter than it 
usually would be. To enlarge the range of the rig outlined 
above (in 4.0), the crane or hoisting engin, E, may be built 
into a tower called the *‘maln tower”, M, and the track 
cable, C, stretcht from it to a “tall tower”, T, which is 
usually much smaller, so as to give a grade to the cable, so 
that the carriage may run in one direction by gravity. 
Then, for transporting, only one traction cable is needed 
from the engin to the carnage. But where suff grade can- 
not be obtaind, the traction cable must consist not only of 
this “inhaul” cable, /, but also of an “outhaul” cable, 0; 
thus forming a loop of cable betw the two towers, with the 
carriage, K, cut into the loop. This, too, is largely used for 
handling scrapers, when the inhaul cable may be called the 
“drag-line” and the outhaul cable the “back-haul line”. 

4.11. Hoisting and low’ering the load is sometimes ac- 
complisht by pulling up or slacking off on the standing 
cable; and the device is then known as a “Mlack-llne cabfe- 
way”. But more usually, another line, called a “hoiatlng 
line”, H, is provided from the crane to the carriage, thru 
which it runs over a sheav down to the load (and usually 
under another sheav and back up again to the carriage). 



Fig. 10. Cableway 


4.12. Where the grade is sufficient, and the load is to bo 
taken on or dropt off at one point for some time, one cable 
may serv as a combined traction and holiitlng line, by at- 
taching a block to the standing cable, to stop the carriage 
over the required point. The block may be shifted from 
time to time as required. However, the use of separate 
cables affords a more flexible tho more expensiv installation. 

4.13. Rope- or Cable-trolley* or Fall-rope Carrier*, F , are 
often employd to support one or more of the cables and to 
prevent the several ropes from fouling each other. Each 
consists of a light frame, with a wheel at its top, which 
may run on the standing cable, and thru which slide the 
other ropes or cable.«». Sometimes they run on an additional 
line of their own, called a “trolley rope” or “button rope,” 
carrying stop-buttons of graded sizes lor spacing the trol- 
leys, of which there may be a string of 6 or more. In some 
cases they are connected with each other by chains, Nt 
which sag between them, so that they tend to space them- 
selvs equally. 
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The equipment described above (4.1 etc) can serv only a 
very narrow area, limited in width by the extent to which 
the hanging load may be deflected by one mean.s or another. 

4.14. To Serve a Small Area, vanus devices arc u.sed. 
For coal piles and similar limited ureas, the towers are 
sometimes mounted so as to oseillute on roekers, st) that 
they may be tilled at right angles to the cables, thus serv- 
ing an area perhaps 25' or 50' vide. 

4.15. For Larger Arens the towers may be mounted either 
on wheeLs running on tracks at rt angles to the cabh^s. or 
on caterpillars. 'Tiie “width” and “lengtli” of the area seivd 
may then become interchanged, the i aides stretching across 
the width, and the towels moving paralel witli each other’ 
along the length. Where fraek.s are u.sed and tlu‘ area is 
great, it becomes economical to u.'-e a liiiiiteil lengtli ol 
track and shift it a.s pri»gie.ss ks made, eithei’ by hand or 
by .small crane. Where caterpillarN. sec l.aG, are used, and 
the installation is heavy and the ground soft, it may be 
netessary to provide corduroy roadways, and these then 
must be shifted. Radial cal»le«%ayK serv a sector, the tail 
tower being arranged to travels a portion ol a circle on a 
permanent track. 

4.17. Utility. See also sec 4.02 When the towers are 
fixt in position, they may serv only a very narrow area. 
When the ground is fairly level, and there is a large area 
to be servd, moveable cableway towers are coming into 
extenaiv use, especially on the Mississippi R; but the equip- 
ment is too costly to be profitable where only a cornpara- 
tivly small area is to be servd. 

4.15. DimenKlonM. Head tower hts range from 75' or less 
to 125' or more; tail towern, 25' to 50'. Spann of a few hun- 
dred ft may be used for sci*aper outlits having no towers. 
With towers, spans of 1000' to 1500' are not unusual, a span 
of 2295' having been used on the Hetch Helchy project 
(Eng News-Rec, ’29 May Ifi, i) 79.*)) ; and another of 2700', 
carrying 20 tons, using four 2" cables (Eng & Contr, ’29 
Sep, p ,368). Standing eable diatns should be computed from 
span, sag and load, but run from 1" to 2". Other ropes for 
traction, hoisting, etc, are usually about 1" diam or less. 
Their size should be kept a.s small as consi.stent with haul- 
ing stress, to minimize wear over sheavs. 

4.19. Capaeitfes* W'here bneketn are used, their capaci- 
ties may be from 5 to 10 cu yds or moie. Loadn of 15 ton.s 
are quite practicable. A cableway of 1200' span at the 
Hoover (Boulder) dam could handle 150 tons (Eng News- 
Rec, ’32 Oct 6, p 408). Traction eahle MperdN of 300 to 500 
ft/min (3% to mi /hr) are usual, tho some have run as 
high as 1500'/min. On levee work, tower excavators have 
handled from 150,000 to 200,000 cu yd.s per mo, during 
season. 


4.2. Aerial or Cable Tramwayn 

(with stationary supporting cable), are, the next develop- 
ment where it is desired to transport mat’ls over greater 
dists than can be negotiated by one span. In thi.s tyjie, the 
standing cable is supported on intermediate towers a.s well 
as by the end towers, placed at .suitable intervals of several 
hundred ft to around 3000'. In order to increas the ca- 
pacity of the installation, a number of carriages or earriers 
is used, each running on the standing cable, and attacht 
either permanently or by mean.s of grips to the traction 
cable, lioadlng and unloading may be ai complisht by any 
one of a number of devices too numerus to detail here. In 
some cases the carriers are attacht or detacht from the 
traction ca>»le, and run olY from, or fin to the standing cable. 
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in others, each carrier remains permanently attacht to the 
traction cable, and is servd as it passes loading stations by 
an auxiliary carrier, which runs alonpr in paralel a dist suf- 
ficient to load or unload, and which then backs up to serv 
the next carrier, being itself loaded or unloaded by any 
one of a number of means. 

4.21. Such cable tramways must nec’y be <‘double-track’% 
having two standing cables, usually 6' to 10' apart, with a 
complete loop of traction cable, lor the return of the ear- 
ners, and the ends of the standing cables must lead to and 
from mono-rails which gide the carriers around a half 
circle back to the other standing cable for the return trip. 
By such mechanism, hor angles in the alignment may be 
establlsht, tho the speed should then not be over 400 or 
500 ft/min*. 

4.2.%. rtlllty is much the same as described in secs 4.0:^ 
and 4.1 relating to fixt towers, except that loading and un- 
loading can take place only at points along the line, and no 
nrea whatever can be seivod. But lengths of five miles are 
entirely practicable, and there arc many installations over 
10 miles long, and up to 15 and more. When the length of 
a traction line is so great as to be cumbersome, other sec- 
tions of traction line may i»e added almiist indefinitly, the 
carriers being automatically detacht at the end of one trac- 
tion section, then coasting a short dist on a monorail to the 
next section whcie it is tiansported by the next traction 
< al)le, each cable being driven by a separate motor. Grades 
up to 20 and 40% are usual, and S5% has been attaind, and 
a moderate amt of cur\ature is quite practicable. 

4.a«. C'npacltieM in tons per hour are indepeiuient of length 
ot cableway, but are approx proportional to speed of trac- 
tion cable, numbei of carriers on the line, and the capacity 
of each carrier. .S|>ee<l« range from 300 to 600'/min; the 
Hpneing of carriers from 150' to 500'; and the capaolty of 
carriers from 5 to 10 cu ft. or 600 lbs to 3500 lbs: and the 
resulting load per hour from abt 5 or 10 tons to as much 
as 250 or IM>0 tons. 

4.27. HorKe-Power required depends on diff of elevation, 
loads and sr>eed, but is usually light compared with a KK. 
ranging from 5 or 10 to 100. and averaging around 50. 

4.28. Crews required arc comparativly small; 3 or 4 men 
for small installations, up to lo or moie for larger ones. 


4.2. Moving or “Single’’ Ropeway 

“Single” refers to a cableway in which owe cable moves, 
and does both the carrying and the hauling. Like cable 
tramways, sec 4.21, they are “double-track”, not “single . 
Their use is common in Kurope. and rather rare in the 
U y. They are simpler, and cheaper to instal but they call 
for an exceptional rope, for as the size is increast to sup- 
port the load, the bending stresses over the sheavs becoine 
sorius, and such ropes ,wear out quickly, increasing mtun- 
tenavee costs. Hor angles are hardly practicable. There is 
increast difficulty keeping the line taut, and in designing 
clips to attach the carriers to the rope so that there will be 
no interference with the carrying sheavs, and this precludes 
the use of grades much over 30%. Economic eapacitieti run 
from 50 to 100 tons/hr*, each carrier taking from 100 lbs 
to 800 lbs or more*. Speeds up to 450Vmin.* 


•Aerial Tramways, by F C Carstarphen, ASCE paper 
No 1675. 
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5.0. CONVEYORS 

In this section we treat only of "continvns conveyors” 
which deliver material continuusly, or practically so: and 
do not include cranes, hoists, cableways and vehicles, which 
are intermittent in their action. 

Utility. The conveyors most useful to the C E are the 
belt and bucket conveyors. Their fields of application over- 
lap somewhat, belt oonveyors beinj? of max use for hor or 
nearly hor movements, since mat’ls cannot be handled by 
them on very steep grades. Bucket oonveyorM also can 
carry mat’ls hor’y, but their chief usetulne.ss lies in vert 
movements or those too steep for belt conveyors, or where 
it is desirable to transport, by the same machine, vert’y as 
well as hor’y. It is not possible to have hor angles in the 
line of movement of either type. See also under "Utility” 
under each type treated below in sections 5.1, 5.2, etc. 

5.1. BELT CONVEYORS 

See also "Belt Conveyors and Belt Elevators” by Frederick 
Hetzel, publish! by John Wiley & Sons, New York, N Y. 


r 



Fig. 11. Belt Conveyor 


5.11. Construction 

A belt conveyor. Fig 11, consists primarily of a continuus 
belt, B, hor or somewhat inclined, the two halves traveling 
in opp directions over rollers, K, or idlers spaced closely 
enougrh to prevent troublesome sag of the belt betw them, 
and driven by power applied to a drum, D, around which 
the belt passes at one end. The upper half of the belt 
carries the mat’l to be tran.sported, and the lower half re- 
turns empty. The illustration shows a very much shorter 
conveyor than usual. 

5.111. The Bell, B, is usually of cotton or canvas fabric, 
coated with rubber, the two being in different proportions 
according to the servis req’d. Plain cotton belts are of use 
only in dry locations and for light work. The function of 
the fabric is to prevent stretching, and that of the rubber 
to protect the fabric from dampness, chemicals, gases, 
abrasion, etc. Belts are not as durable as buckets, but 
generally much cheaper. They are made in varius thick- 
nesses up to 10-ply, and in widths (varying by 2") from 
12" to 60", the more usual being 24" and 36", and are used 
in conveyors up to 1000' in length (the belt being double 
that, counting the return half) altho the usual limit of 
conveyor length is more like 800' or less, two or more belt 
conveyors being used in tandem where greater diets are to 
be coverd, the first delivering to the second, and so on. 
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5.112. Idlerii or Rollers, Jf, used to support the belt, are 
usually of metal, cylindrical under the returning belt, but 
under the upper or delivery half, they may be concaved 
somewhat, (now practically obsolete) so that the belt forms 
a trouirh to prevent the mat’l from beinf? shaken, off. The 
ends of the idlers, being of larger diam than the center, 
travel faster, and cause rubbing against the belt, which 
hastens wear. To overcome this, the idlers are usually 
made up of from 3 to or 6 short rollers, the central ones 
being hor, and the end ones being tilted 20° to 45° from the 
hor’l, so as to form the desired trough in the belt. The 
WaringK of the idlers are very important, especially if abra- 
siv mat’ls are handled. They are preferably ball- or roller- 
bearing, self-oiling, and carefully designd to exclude mat’l 
falling from the belt. An idler which fails to rotate, causes 
rapid wear of the belt and of itself, wastes power. 

5.113. Drive. It seems best to have the driving drum, 
7), at the unloading end, for then the max pull need not be 
transmitted thru the returning belt. It may be faced with 
rubber to minimize the pull nec’y to maintain, suff friction. 
The tension may be controld by screw take-aps adjusted by 
hand from time to time, which may be suff for compara- 
tivly short machines. For long ones, a sliding take-up 
which maintains constant tension by means of a weight, 
.seems preferable. 

5.114. Loading. The belt may be quickly damaged by 
violent loading. The mat’l should be deliverd to it in its 
direction ol movement, in small pieces and with min drop, 
and a steel plate under the belt at that point may be of 
help if heavy chunks are likely to be deliverd to it. 

.5.11.5. Unloading. No special device is needed for un- 
loading, if It i.s to take place at the end of the run, the 

mat’l inerel.v falling off as the belt curvs around the driv- 
ing drum. However, trippers, T, are of great value where 
it is desired to distribute the mat’l over a long line. The 
tripper i.s a car running on rails, L, lengthwise of the con- 
veyor, with two principal idlers or rollers, over which the 
delivciy belt is drawn down and back under and then bent 
forward so as to resume its course. The mat’l falling off 
the belt passing over the first roller is caught by an in- 
clined apron or trough, A, at rt angles to the belt and is 
thereby deliverd to one side of the conveyor. One of tho 

rollers is geard to the wheels of the tripper, so that the 

tripper is causd to move slowly longitudinally, thus deliv- 
ering the mat’l along the side of the conveyor as far as the 
tripper is arranged to run. At the end of each run, it en- 
counters a stopping device, not shown, which causes it to 
reverse and return. A Discharge Sweep, consisting of a 
scraper placed diag’y over the belt, may be used in place 
of the tripper to unload mat’l before it reaches the end, but 
its position must be continually changed by hand unless the 
unloaded mat’l can be tolerated in piles instead of being 
evenly distributed. 

5.110. Mounting. The idlers must of course be mounted 
on something constituting a frame. Often, a metal truss is 
provided; sometimes, if the installation is fairly permanent, 
wooden stringers on posts or piles are used. 

5.117. Stackem. To cover an orea, the truss or frame be- 
comes a boom, and is either pivoted at the lower or loading 
end, while the delivery end is arranged to swing hor’y (as 
well as being adjustable vert’y), or it is mounted on crawl- 
ers or tracks. An example of this was used on the intake 
canal of the Beauharnois power project, Quebec, in which a 
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36" belt convej’or was carried on a truss boom 106' Ions, 
pivoted from the base ot a gantry 40' lony:, running- on track 
of 32.5' g-age, for the placing of rip-rap with a max size of 
14". (Eng-News Kcc, '32 Sep S). Oooms range betw 50' and 
135' in length. Smaller stackers designd primarily for mo- 
bility, are known as Portable Loadets, see sec 5.3. 

5.118. ^‘Elepiiant Trnnk” 8ponts. fed bv funnels under 
the delivery ends of conveyors, made of tlexible canvas or 
similar mat’l, are often convenient for the placing of con- 
crete within a limited area without moving the entire 
machine. ^ ^ 

5.12. Operation , 

The apeed at which the belt is operated is usually betw 
300 and 600'/min. Belt running out of line may be partially 
corrected by reducing the troughing, and also by setting 
the idlers a few degrees off from a rt angle with the belt. 
Other remedies are objectionable. (Hetzel, Belt Conveyors). 

liUbrication of idlers is important, and if not self-lubri- 
cating, regular times should be cstablisht for lubrication 

Remote Control may be employd where two or more con- 
veyors are used in tandem, delivering from one to the next, 
preferably interlockt it there are many conveyors, so that 
no one conveyor wnll delner to another which may not be 
running. 

.5.13. Capncltj and HP 

The following table is computed and averaged from tig- 
ures given by Link Belt Co, Materials Handling Cyclopedia, 
and Marks’s Mech Engr’s Hand-Book, assuming speed of 
belt as 500'/min and wt of nmt’l 50 lbs cu ft 


Width of belt, inches 


Capacity, cu yds/hr. . 

“ tons/hr . . . . 
HP per 100', level.... 


12 

2! 

36 

18 

S.'i 

340 

790 

1100 

115 

4 65 

1050 

1850 

2.0* 

S.4* 

15.7* 

2.5. 


If mat’l is raised, add’l UP is tons/hr X ht lifted in ft 
-f- 1000. 


5.14. ttlllty 

Belt conveyors are of use chiefly for transporting granu- 
lar mat’l hor’y or up moderate gradeM, 1.5'’ to 20°. This may 
be increast somew'hat by adding cleats to the belt. In one 
case, aggregate was reported as carried up a 32° grade. 
The ntaterialH may be coal, coke, sand, gravel, ore, earth, 
cement (bulk or bags), concrete, and other mat’ls, such as 
grains, usually handled in fixt installations in bldgs. Hot 
or wet ashes will injure the belt. With concrete and other 
somewhat adhesiv mat’ls, it may be nec'y to employ scrap- 
ers or “discharge sweeps” placed diag’y over the surface 
of the belt at the discharge point 

Outfits for handling paekages are similar to those for 
granular mat’ls, with a few diffeicnces, but are usually 
permanent installations in bldgs. 


5.15. Examples 

In delivering concrete for the construction of a .'lewage 
treatment plant at Ward’s Island, New York, lour 24" rub- 
ber belt conveyors were used, aggregating 1S65', three of 
them with trippers arranged to deliver oonc at any pt 
thruout their length. (Eng News-Hec, ’32 Nov 3). 

In the construction of the Merchandise Mart in Chicago, 
44 portable conveyors were employd, using cleated belts 
with effectiv lengths of 40' to 60', running 2507niin, each 
delivering abt 1 cu yd of cone per min. (Eng News-Rec, 
’29 Sep 12). 


♦ P V Hetzel’s “Belt Conveyors and Belt Elevators” gives 
HP as about half these values. 
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In the oonstruction of the 100' X 2200' roof of a subway 
in St Louis, Mo, 8 portable belt conveyors were used, 26' c 
to c, totaling over 200', having 24" belts run at 150'/min, 
handling abt 30 cu ft/min at angles up to 20®. 14 men in 

attendance. (Eng-Contr, ’31 Aug). 


5,2. BUCKET CONVEYORS 
5.21. Construction 

In the bucket conveyor, buckets are arranged in a con- 
tinuus series, mounted on one or two chains, or on a belt. 
If the run is vert and short, they move without any gides, 
but if inclined, the part that is rising travels on gides or 
rails, and the part that is descending may hang treely, altho 
long runs of a story or more in ht usually need to be gided, 
both up and down, as they may get to swaying badly. Much 
or most of the run m^ be hor, when tracks are provided 
lor both directions. The chains pass over sprockets at 
each end, and wherever there may be changes in direction. 

5.211. The Biicketn are usually malleable iron eastings, 
or made up of sheet metal; usually V-shaped as seen from 
the side, w'lth the upper end of the V open and up during 
( arrying movements. They range in size from much less 
than 100 cu ins contents to lOOO or more, the open ends 
having areas from less than 25 sq ins to 100 or more. 

5.212. ChainK. Usually there is one linkt chain on each 
side of the row of buckets, and the buckets are attacht to 
them, as are also the rollers or flanged wheels which run 
on the gides or rails. The joints are the critical parts of 
the chain because of wear, and should be well designd and 
of hardend mat’l, with good provisions foi oiling. 

5.212. Drive. The chains of buckets may he driven by 
power applied to one of the sprockets at the end of the run. 

5.214. Loading is actomplisht by thi owing the mat’l to 
be transported into a pile or into a trough, “boot” or “hop- 
per”, or pit at the lower end ot the lun, tht' buckets digging 
into the mat’l and lifting it as it accumulates. 

.5.21.5. Unloading is accomplisht in either of two ways. 
(1) In the “rentrlfugaF’ method, speed is maintained suff 
to throw the mat’l from each bucket at the top of the run 
far enough out to prevent it fnmi falling back onto any 
part of the conveyor, the mat’l being caught in an apron 
or trough, or falling directly onto the stock pile or embank- 
ment or cither place where it may be w'anied. (2) In. the 
‘♦perfect” oi ‘♦positiv” discharge, the bucket.^ are pivoted to 
the chains, and a tripping device, at the place for un- 
loading, causes them to tilt and drop their loads at that 
point. These trippers may be shifted to change the point 
of discharge as desired. 


5.22. Operation 

The speed of the chain of buckets is from 150 to 400'/min 
lor “centrifugal” unloading, and from 75 to 1507min for the 
"perfect” or “positiv” discharge, the speed of the laUer 
being kept low on account of the impact of the tripper. 
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5.23. Capacity and HP 

Authorities disagree so widely on these figures that it 
seems useless to say more than that on account of the lower 
speed and greater wt of moving parts, the capacities of 
bucket conveyors, are generally markedly less and the 
HPs higher per ton/hr, than those of belt conveyors. 

5.24. Ctlllty 

Being a much more cumbersome machine than the belt 
conveyor, installations are seldom more than a few hundred 
ft long, and the rise is limited to aboi^t 1.^0'. However, it 
is only where the grade is less than l.^»® or 20° that the belt 
conveyor can be used in placi' of the buckets, which are 
well adapted to handling coal, ashes, cement and water, and 
are largely used for such work in permanent installations. 
But see below, 5. .3, Portable Loadeis. 

5.3. PORTABLE LOADERS OR CONVEYORS 

5.30. Fig. 12. These units are simply self-containd con- 
tinuus conveyors, belt or bucket type, of comparativly small 
dimensions, with sufficient lift to load mat'ls into trucks. 
T, and mounted so as to be moved readily from place to 
place, and so as to be fed against a pile of mat’l, E. 



Fig. 12. Portable Loader 


5.31. CoiMtnictioii 

does not differ greatly from that of the conveyors described 
in secs 5.1 and 5.2. 

5.318. The Drive is part of the machine and takes its 
power from the motor, M, provided. 

5JI14. Loading is accomplisht with the belt machines by 
loading onto the belt at its lower end, by shoveling or from 
hoppers, or from another belt or bucket conveyor. The 
buckets, B, of bneket conveyor.s, Fig 12, can receiv mat’l In 
the same ways, but have the advantage that the faces of 
the buckets can be gradually advanst against a pile of 
mat’l, E, or even against light earth In place. To gather 
together the sides of the pile, and not merely dig a channel 
thru it, ‘^addles’’, P, are frequently provided at the two 
sides of the foot of the conveyor, on a shaft at rt angles 
to it, of propeller type, or as a ribbon in the form of a 
helix. Sometime.s they carry cutting tools of varius kinds 
to assist in breaking up fairly hard mat'l. 


CONVEYORS. 


580o 


5.815* llnloadlns is similar to that of largrer conveyors, 
but always at the upper end only. 

5.310. Mounting. Where belt conveyors are to be used 
in the same place for considerable periods of time, they are 
often mounted on a pair of wheels with wide treds. The 
bucket conveyors, however, are now (1937) almost always 
mounted on crawlers or caterpillars, which makes it possible 
not only to move them readily from job to job or from 
place to place, but also to feed the machine against the pile 
of mat’l to be handled. 


5.38. Operation 

The $ipeed of the belta in portable conveyors is from 150 
to 2507min, and of bueketM from 100 to 1357min. 

The entire unit can usually be handled by one man, tho 
other men may be req’d to keep it properly fed. 


5.33. Capacity 

of portable belt conveyors may be from 10 to 50 cu ft/mln, 
while portable bucket conveyors may handle from 20 to 80 
<11 ft/min. HorNC-povver required for bucket machines, 
from 2 to 20 and more; for belta somewhat less. The belt 
conveyors for loading trucks are at a disadvantage because 
the low angle necessitates a greater length and cumber- 
someness to obtain the req’d height. The weights of belt 
machines run from 2000 lbs to 8000 lbs, and of bucket ma- 
chines from 1000 lbs to 6000 lbs. 


5.34. Utility 

is much the same as for larger conveyors as regards mat’l 
handled, Recehtly wet concrete has been handled very 
successfully. As with the larger machines, the angle of 
the belt conveyor is limited to about 20®. Both belt and 
bucket portable conveyors have proven very useful on ac- 
count of their mobility, and are very largely used In con- 
struction work. 


5.4. APRON OR PAN CONVEYORS 

5.41. Construction. Instead of a series of buckets, there 
is a series of steel plates 18" to 72" wide, carried by chains, 
and arranged so as to overlap while carrying, forming an 
almost continuus surface. The surface or apron thus formd 
often moves betw longitudinal stationaiy vert plates along 
each side, to increas capacity. 

Loading is done much as in other conveyors, care being 
taken that large chunks do not fall heavily on the plates. 

Unloading, on account of the ridges and side plates, can 
be done only at the end of the carry. 

5.42. Operation Speeds range from 50 to 757niin or more, 
tho sometimes very low speeds are used, as where coal is to 
be fed at a low rate lor boilers. 

5.43. Capacity ranges from 40 to 400 or 500 tons/hr for 
mat’ls of 50 Ibs/cu ft, depending chiefly upon the width of 
the apron, 

5.44. Utility is limited to mat’l not so flnely divided that 
it may fall thru the joints betw the plates as they pass 
over sprockets, or betw the plates and the vert side pieces; 
nor must the mat’l be adhesiv. By providing a transvers 
ridge at the edge of each plate, marl may be carried up 
grades as high as 80°. 
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SJ5, SCRAPER OR FLIGHT CONVEVORS 

are similar in conHtnictlon to the bucket and apron con- 
veyors, except that the niat'I is pusht along l)y 
scrapers or pushers, spaced from IM:' to 2', whlcli are 
merely vert plates of wood or steel, attacht to and pulled 
by a chain, that tit loosely into a troiiprh. The flights may 
be cither in contact with, tlie trough or may he .suspended 
slightly to reduce friction. The chain and llights run on 
gide.s or tracks suitably mounted, tiilunding may be ao- 
complisht at any point along the trough by providing a 
gate or trap-door in the trough, or at the end. They are 
built in lengths up to .several hundred ff. The wpeetl of the 
chain is usually around H>0 or ITiO'/min. Cnpacity, approx 
number of tons per hour — tvvo-third.s the area of a flight 
in .sq inches. The utility is limited chiefly to non-abrasiv 
mat’ls such as coal and ashes at grades not over 45°. 


5.6. SCREW, HELICOJDAL. OR «SP1R.\|/' CONVEYORS 

Such a conveyor consists of a hor or inclined shaft, tixt 
in position, to which is utlailit a metal hehcoidal blade, all 
forced to revolv in a tiough of the same length. 8' to IJ' 
long. Loading is done by throwing tlie mat’l around the 
lower or intake end of the .s< rcw. I nloiiding may be done 
as in flight conveyois. CupueitieN as tollow.s, — 

Diam of screw, inches 7 9 IJ 1<5 

Approx speed, rev/min 110 lOO 9o 80 

Cement, bbls/hi 57 i:»2 200 070 

Coal, to ns/ hr 6 ‘,2 IB 2BVL' S(i 

Sand, cu tt/hi 180 4LMI 920 L’OoO 

Approx HP leq’d for sand 2 >4 5 V.* 12 VI* 25^1 


Utility. In addition to handling grains and the like, the 
screw conveyor can handle cement, co'al, .sand, gravel and 
ashe.s, provided lumps are not over 1" across, on grades up 
to 15° to 20°. The handling of sticky niat’l.*^ may be fai ili- 
tated by the use of a helicoidal metal ribbon providing an 
open space near the shaft, while f? great variety ol fornns 
of paddies, propellers, or ribbons, aie used for mixing sev- 
eral mat'Is, while transporting. With abrasiv mat’ls, wear 
is excessiv. 


5.7. PNEUMATIC OR "Cl RRENT” CONVEYORS, 

in which finely divided rnateiial.s are conveyed thru pipes 
by the movement of air currents, aie of three types; (1) the 
pressure or blast system, (2) the va< uum or suction system, 
and (3) vacuum and pressure combined. 

5.71. In the pressure system, the mat’l is introduced into 
the pipe by an injector by a blast of comprest air, and i.s 
blown out of the other end of the pipe into the bin or place 
in which it is wanted. 

5.72. In. the vacuum system, the mat’l i.s suckt in by 
means of a partial vacuum produced at the delivery end of 
the pipe. The mat’l is carried along the pipe and enters a 
large chamber which reduces the velocity sutfleientiv to 
permit it to fall to the bottom. 

5.73. In the vacaam and pressare system, the mat’l is 
suckt in thru a nozzle and travels thru a pipe to one or 
two large chambers, where the mat’l settles. If only one 
chamber is used, a rotary or alternating air-trap is provided 
at the base, which feeds the mat’l from the cnamber with 
partial vac to another chamber under pressure, from which 
the mat'l is blown thru the delivery pipe to the place where 
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It is wanted. Where two chambers are employd, they are 
rausd to alternate their functions of receiving the mat'l in 
partial vac, and of blowing it thru the delivery pipe under 
pi cssurc. 

r».74. The Intake end of the nozzle may be carried by a 
(.rane or dcriick which can lower it into the bin or ships 
hold from which the mat’l is to be taken, and move it 
aiound until all the mat’l has been auckt up, or the nozzle 
may be on a length of hose or flexible pipe which may be 
moved about by one man. 

5.70. 1 tility. In general, any fine or powdery mat’l can 

be handled if not sticky or friable, such as grain, certain 
chemicals, fine coal, ashes, lime or cement. Pneumatic con- 
\eyors are distinctly inefficient as regards povrer consump- 
tion, but they arc by far the easie.'-’t type of long haul con- 
veyor to instal or shift fnmi place to place, delivering as 
lar as aOO' or m<»re, rcQuiiing only pipes as conveyors, and 
one man at each intake nozzle. They serv very well in 
unloading box cars containing cement in bulk, effecting 
ciiinplete elean-up. 


6.0. VEHICLES 

O.Oir. ( InsninoiUlun. We find a very great variety of 
combinations cif machines and devices. Indeed, the prac- 
tising engineer may often devise other new and useful com- 
Iti nations. 

P’roin (>.l to ().:> incl (wheelbarrows, caits and wagons), 
wo treat of vehicles utilizing hand or animal power only; 
and from 6.1 to 0 7 inel, (automobiles, trucks, tractors, 
trailers, cars and locoinotivs), those employing such power 
as steam, gasoline, oil, etc. 

«.l. WHRELB ARROWS 

See also p IOl' 7, Art 10, and p 1034, Art 15. 

«.Jl. I'onNtruetlon, diineiiNionN, et<‘. Wooden wheelbar- 
rows weigh abt 50 lbs each, and aie not very durable. Steel 
bairows, with trays of stampl steel, some with wooden 
handles and frame, weigh from 65 to 90 lbs each. Aluminuni 
alloy harrows weigh al>t 35 lbs, the saving in wt over steel 
barrows making poss the addition of tioin 30 to 55 lbs of 
load earned. Wheels are u.sually 15" in diam, tbo .some are 
as large as IS". The luiger the wheel, the easier the rolling 
over rough ground, but the ht of the load becomes objec- 
tionable. Some barrows are equipt with pneumatic tires, 
and are claimd to require no plank ways. The man wheeling 
a bai row may have to hold fiom 1/5 to 1/3 the load. 

Capacity. Harrows art' built to contain from 3 to 
6 or even 8 cu ft of material, but in practis the amt earned 
depends chiefly upon the wt of the mat’l. 
cu ft of concrete can be carried, or 2 to 2% cu ft of earthy 
mat’ls, equivalent to abt ISO lbs, tbo some authorities allow 
3 or even 4 cu ft. 

Utility is confined to short hauls of a few huncired 
ft, and to small quantities, and to cases where more efficient 
equipment cannot be employd. Barrows must be expected 
to receive very hard treatment, so that cheap ones are very 
uneconomical. 

«.14. Operation. It is usually nec’y or very desirable to 
provide plank ways 2" thick and as wide as obtainable. If 
practicable, it is best to arrange the work so that the bar- 
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row may be dumpt from the side. Time is saved if the 
barrow is not reverst and only the man turns around at 
the end of the run. On a heavy grade, a horse may some- 
times be employd to assist by pulling with a rope. 


CAllTS 

may be of use when power trucks or tractors and trailers 
are not available. Three types have predominated, as 
follows ; — 

0.31. Those referd to on pp 1024 et seq have wooden 
wheels 5 or 6 ft in diam, wide steel tires.'a wooden box body 
with a cap of from 18 to 27 cu ft, pivoted at the middle of 
its base for dumping from the rear by withdrawing a 
locking-bar, the frame being provided with two shafts for 
a horse. 

6.22. Push-Carts or Couerete Buggies now (1937) avail- 
able for transporting concrete, coal, coke, earth, etc, for 
short dists, have steel wheels from 20" to 40" in dlam 
(some pneumatic tired), with a steel body with capacity of 
6 to 11 cu ft, and a handle for operation by hand, the body 
being so pivoted as to be readily tipt forward for dumping, 
with feet at the rear for keeping it level when standing. 

6J23, The pick-up cart consists of two wheels from tfi" 
to 60" in diam, 3" tires, with an axle bent like an inverted 
“U”, to the top of which is rigidly attach! one end of a 
long lever, with a hook on each end. It may be of use in 
picking up and tran.sportmg heavy objects <iip to 5 tons) 
such as pipe. By raising the free end of the lever, the 
other end is lowerd. The object is then attach! by rope or 
chain, and lifted abt a ft from the ground by pulling 
down on the free end of the lever, when it may be moved 
about over fairly even ground 


0.3. WACiONS 

Like carls, ^wvagons pulled by 2 or 3 horses may be of use 
where power venicles are not available. They were used 
with satistaction by the Miami Conservancy District (report 
of 1925, p 236) over loamy silt or light .sand, where power 
trucks had trouble, especially when the ground was wet. 
Speed, abt 240'/min = 2%mi/hr. 

Ordinary wagons are inefficient because the material 
hauld must be shoveld out. Dump wagons have been built 
of varius types; those with a floor of removable long’l 
wooden bars, called pole wagons (which must be stop! to 
unload); with hopper bottom, and with body tipping back- 
ward like a dump cart. 

Capacitlea range from 1^4 to 2 cu yds. 

See al«o section 6.6, Traller.s. 


6.4. AIjTOMOBII.BS 
6.41. PaMNenger 

automobiles are generally too well known to warrant de- 
scription here. 

For Tires, see sec 1.55. 

6.411. Cost of Operation, as determined by many who 
have made records of experiments and regular use, appear 
to vary widely betw 3 and 13 c/mi. Much of the variation 
Is due to use of autos on different kinds of roads, and to 
dill speeds, but much is nec’y due to the combination of 
time costs (sttch as garage, interest, insurance and lisences) 
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with distance costs (as erasoline, oil, tires, maintenance and 
depreciation). Depreciation, taken as diff betw buying: 
and selling costs divided by mileage coverd, may be from 1 
to 3 c/mi. Taking depreciation as 2 c/mi, the total expense 
due to dlMtance over high-grade roads, as given by varius 
writers, usually ranges within 4% to abt 5 c/mi, gasoline 
consumption being taken as from 1 to 1.6 c/mi. The ex- 
penses due to time, are best computed by the user, and 
when known they may be combined with the distance costs, 
resulting in a total cost of anywhere from 5% to 10 c/mi 
or more. Note that if one drives comparativly little, say 
2000 rni/yr (or 5.5 mi/day), and ha.s time expenses of say 
$80 /yr or 4 c/mi on an average, then the cost of a trip of 
several hundred miles covering only a day or so, will be 
primarily a distance cost of perhaps 5 c/mi, instead of 
5 + 4 = 9 c/mi. 

6.412. Weight of a passenger auto may be from 2500 
lbs to 4500 lbs (1^4 to 2 Vi tons) the more usual machines 
weighing around 3000 lbs (1% tons). 

6.413. ReNlHtanceN. Different experiments conducted by 
different persons, using diff autos, naturally give rather 
divergent results. The following table give.s approximate 
figures only, for passenger autos on level concrete or other 
high-grade road, assuming front projection of auto as 30 
sq ft. 

Speeds, mi /hr 10 25 40 60 

Total resistance, lbs* 75 105 155 340 

.\ir resistance only, Ib.sf 6 37 96 216 

“ (*‘Ntreamllned**> Ibsj 2 12 31 71 

One stop-nnd-start, 

cost, centsU 0.056 0.134 0.215 0.330 

Road resi.stance. Gravel roads may be expected to increase 
cost of operation (over that on cone roads) from 20% to 
40%, according to different authorities. 

Grade increases resistance by w't of auto X sine of angle. 


6.42. Trucks 

are nifd in great variety of sizes, eapaclties varying by tons 
or half tons, four-wheeld trucks ranging from % to 10 tons, 
with chassis weights (without bodies) from 2200 lbs to 7000 
lbs, 6-whccld trucks, cap Irom to 12 tons or more, and 
chassis wts from 5000 lbs to 10,000 lbs. HP from 75 to 125 
and higher. 

Tires, see sec 1 55. 

6.421. Speeds. Loaded trucks ordinarily make speeds 
about equal to passenger autos over the same kinds of 
roads, except where up-grades are encounterd, but seldom 
much over 50 mi /hr. 

6.428. Utility. The ability of a truck to travel almost 
any road or fairly firm surface, without the need for con- 
struction of tracks, to transport widely different objects, 
and so minimize idle time, and to go usually to the exact 
spots where loading and unloading are to be done, without 
changing the load from one conveyance to another, makes 
It of great service to the C E. But its 


• Derived from data in Bull 119, Iowa Bngg Expt Sta, by 
R G I’austian, ’34 Aug 1. « „ 

t Derived from Kansas State Agr Coil Bull No 18,, 27 
Dec 15, by L B Conrad and E R Dawley. Air resistance 
varies very closely as the square of the speed. 

t Deduced from U S Buro of Standards Research Paper 


RP591. 

H Expts by T T Wiley, 


Civil Eng’g. '35 May, p 286. 
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6.420. Operation is very important. Where even small 
fleets of trucks are used, there should be men and equip- 
ment devoted solely to maintaininsr the trucks in pood 
condition, and in inuintainlnK: temporary roads so that they 
may be used without trouble or undue delay even in bad 
weather. On certain extensiv dam building- operations, 
fleets of scores of trucks have been used for conveying 
earth, traveling 40 mi/hr at intervals of only a few hundred 
feet. The selection of drivers is very important. 

6.4201. Costs of operation. The following are taken from 
bulletins issued by the Economic Dept of the Coll of Agri- 
culture, Cornell University, Ithaca, N Y, and relate to trucks 
used in central N Y state. 


Averages of 43 

trucks. 

averaging 6615 

mi/yr 

each, 

1935, 

showing effect of 

Nise of t 

1 uck. — 




Capacity of trucl 

i, tons. 


\ 

1 


Depreciation, fuel 

, oil, and 

lepairs, c/mi 

ll 7 

3.0 

5.9 

Other costs, c/nii 



1.0 

l.S 

1.6 

Totals, c/mi... 



3.7 

5.7 


Averages of 19 

trucks, 1 

ton capacity or less, 

1935. 

show- 


ing effect of mileage per yeai , — 

Miles per year 10,000 3,00*' _ 

Cost per mile, cent.s l > 

Average of *47 trucks, approx 6 c/mi. 

6.43. Dump Trucks 

are little more than ordinal > trucks with provision for 
dumping the c<mtaind material ic* the ground. Almo.st eveiy 
possible method of dumping is available, almost always b> 
power taken trom the engin. The front end may be rai.sd 
to as much a.s 70® trom the hor, the tail-board releast, and 
the matT dumpt from the reai. This is in some cases as- 
sisted by a lalse bottom, known as a kick-out pan, lying 
on the bottom of the body, so hung by chains at the lifted 
end that it swings free to an almost vert position. Or the 
body IS tilted to one side oi the other, the lower side being 
releast. Some have hopper bottoms. Bodies are usually 
Of prest steel. 

6.431. Horse-power provided is usually betw 75 and 100. 
Speeds were formerly kept down by governors to abt l.> 
mi/hr, but are now generally unresti icted and are almost 
if not quite equal to those of ordinal y trucks. Weight** 
from 11,000 lbs to 14,500 lbs. CapacitieH usually range from 

1% to 4 or 5 tons, and as high as 10 or 15 tons; or t<> 

4, 5 or 6 cu yds, and as high as 13 cu yds. 

6.435. “Dumptora” or “Iron Mulea” are a special type of 

dump truck, usually of very short wheel-base, in which the 
driver sit.s behind the body and faces forward over it, mak- 
ing possible quick sharp turns within 15', and also Indetlnit 
revers running, as the driver has a completely unobstructed 
view to the rear. Speeda of 20 mi/hr ate claimd for some, 
tho 10 to 13 mi/hr in high gear and 3 Vi* to 4 in low, in 
both forrvard and revers gear, seem more usual. Welghta from 
13,000 lbs to IS, 000 lbs. Capaeitle**, eu yds and less. 

6.44. Traetora 

The use of caterpillars or crawders with tractors 
usual that "caterpillar” is often used to denote ‘‘tractor. 

6.441. Conatrnctlon. The tractor is a unit of great com- 
pactness, combining an engin mounted on a frame carried 
usually by caterpillars, (see sec 1.56) abt 5 or 6 ft apart, 
(occasionally by wheels, as for farm work), with a coupling 
In the rear for pulling. 
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it.442. Power is usually gasoline or oil or Diesel ensin, 
and may range from abt il5 to 95 HP, in some cases as high 
as 125 and even 160 HP, 50 to 70 HP being the most usual 
and generally practicable. The following figures are ap- 
proximations from data supplied by one of the foremost 
mfrs; 

l)r«%>-bur pull, in lbs, largest ..22,(100 15,000 13,000 

“ “ smallest.. 1,000 3,o00 2.000 

Sliced, mi/hr, average 2 2% 4 

U.44i{. WelfthtM lange from 5,000 lbs to over 30,000 lbs, 
11,000 lbs being abt the av. i;nlt on ground is very close 
to 6 Ibs/stj inch for all sizes, the caterpillar treads being 
so proportiond as to keep near tliat figure. 

0.444. SpeedM in mi/hr - approx 0.5 -|- the number of the 
gear. Thus, in 3d gear, speed = 0.5 + 3.0 = 3 5 mi/hr. 

(1.448. Utility i.s very great, becaus almost anything may 
be hitcht to a trai tor and puld. The machine can travel 
o\ er almost any surface, negotiating steep grades, as was 
done l>y the “tanks" in the World War. A tractor may be 
used for hauling disc plow.s, gang plows, scarifiers, scrapers, 
graders, ditcheis, elevating gradeis, trailers (wagons or 
Iniggies), for logging, road grading, maintenance and con- 
‘-truction, for almost any purjio.se requiring a strong slow 
lior pull, even such as pulling down old structures or mov- 
ing buildings, and, by the addition of a blade in front, for 
bull-dozing and snow plowing. 

tf.440. CoMtM of operating tractors. The following figures 
are from varius bulletins of the Economic Dept of the Coll 
of Agriculture, Cornell University, Ithaca, N Y, reporting, 
1935, on abt 70 machines, fiom 16 to 30 biake HP. Extremes 
were 25c and $1.12 per hr, avs from abt 50 to 20 c/hr. 

0.4S. Tractor Trucks 

A tractor truck is a combination of a pow'er truck and 
“hcmi-trailcr” carrying the load. 

(t.4.%1. The power unit consists of an automobile truck, 

< i>mparable in wt and HP to trucks in which the body con- 
tains the load. The re,ar portion, however, is a low platform 
carrying the low'er half of a vert pivot. 

0.452. The load-carrying unit, or semi -trailer, has no 
1 mining wheels under its front end, but instead the upper 
half of the pivot, resting on the rear of the truck. The 
pivot IS arranged to permit the truck to turn 100“ or more 
hor’y either w'ay under the semi-trailer, thus affording 
great maneuverability in spite of size, and is also arranged 
to permit tilting of the units with respect to each other 
when traversing uneven ground. Just back of the pivot, 
the semi-trailer is provided with one or two small wheels 
or other supports that are off the ground w^hen running, 
but which, when standing, are low'erd, and bear the wt of 
the front end, so that the truck may then be removed and 
used under another semi-trailer while the first is being 
loaded -or unloadtai. Thus one truck may serv two or more 
semi-trailers, depending upon the ratio betw loading and 
running times. These seim-traileis, having to provide no 
roitm for engin or cab, are made up to very large sizes 
with great capacities Since the semi-trailer delivers only 
half its wt onto the rear w^heels ot the truck (and half to 
its own rear wheels) it may have about double the ordinary 
capacity of such a tru« l.. The added load nec’y reduces the 
speed and the grades that can be surmounted, tho air- 
brakes on all wheels afford almost as good control going 
down hill as the truck itself would have. 
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6.6. TltAlIiERS, “WAGONS” or “BUGGIES” 

In many cases, trailers have been specially built for par- 
ticular cases, such as the 194-ton tiailer for P3oulder (for- 
merly Hoover) dam. (Roads & Sts, ’34 Mar), and many 
others too numerus to list. These nec’y have many wheels 
under them to carry their loads, and in some of them the 
wheels are steerd by power. For carrying long gilders, a 
trailer may consist of merely two trucks (of 2, 4 or more 
wheels each) connected to eai'h other by the girder itself, 
which IS lasht to them. Rarge bins for cement, aggregate, 
etc, have been mounted on wheels, that they may be tow'd 
from place to place (provided there is head-room). 

The usual trailers, however, have become well standard- 
ized, tho of many types. They should be hung low', to 
minimize chance of overturning while being towd, and to 
make it possible for elevating graders to deliver into them. 
The use of wheels (up to 8 or 16) is about as usual as the 
use of caterpillars. UapaeltieN may range from a few cu 
yds each to 24 or 30 cu yds in the larger sizes, capable of 
carrying loads of from 20 to 35 tons. Trains of two trailers 
or “buggies” (often on caterpillars) are frequently used, 
tho more than tw'o increa.ses difficulty and danger of ma- 
neuvering. They are often or usually provided with means 
for damping in one manner or another. 


6.7. INDUSTRIAL RAILWAYS 

may be of use to the C E when there is much hauling to be 
done over a long flxt route, as in constructing RRs, high- 
ways, dams, tunnels, aqueducts, canals and sewers. In 
some cases it may be well to operate the cars by means 
of a cable, especially where grades are over 3%. Greater 
flexibility, however, is obtaind by the use of locomotive or 
motor cars, tho grades of over a few per cent will seriusly 
limit the wt of cars that can be hauld. Electric motor cars 
have been operated by remote control over track divided 
electrically into separate sections. 


6.71. Track 

Gage is usually 18'', 24" or 36", some 4 2". Rails may 
weigh almost any even figure from 8 to 20 Ibs/yd, or any 
even ten pounds from 20 to 70 Ibs/yd, and come In lengths 
of 20, 30 or 33 ft. Second-hand rails and ties (worn but not 
defectiv) will often serv well to construct such track, es- 
pecially if it is not to be used over a long time. Portability 
Is usually of great importance as the work progresses, and 
light track is to be had in which ties and rails come ready 
assembled in lengths of 15 to 20 or even 30 ft, that can be 
carried by 2 or 3 men, with curvd sections, switches and 
turntables; having joints that may redily be fastend and 
unfastend. Such track can be laid on firm ground with 
very little if any grading. Ties may be of wood, but steel 
is better for portability. 

6.72. Motlv Power 

6.721. Power. Animals may sometimes be used to ad- 
vantage where mech’l power is not available. Steam has 
been largely displaced, as has “firele.ss” (steam storage), 
and comprest air power. Power now used (1937) is chiefly 
oil or Diesel, gasoline, gasoline-electric, electric storage 
battery, electric trolley or third-rail, depending upon facili- 
ties available. HP from 50 to 200. Speeds are not gener- 
ally high, 2 to 12 ml/hr for gasoline. 

0.722. Weights of locos available vary by very small 
differences from 2 to 35 tons, up to 50 or 60 tona. 
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6.723. TraetlT fiiffort. The power employd is usually suff 
to slip the wheels on dry rails when starting, so that the 
practical tractiv effort will be equal to the wt of the loco 
or motor multiplied by the coeff of fric. This coeff may be 
counted on in theory at least as 0.20 for dry rails, tho 0.35 
may be achievd with sanded rails; while on wet or greasy 
rails (without sand) it may be as low as 0.15 or 0.10 or 
much less. The draw-bar pall = tractiv effort — force 
(= abt 8 Ibs/ton of loco on well laid track) req’d to move 
loco. As speed is increast, the propulsiv force of almost 
any power diminishes, so that the hevier the train, the 
lower the max speed possible. What is said in sec 1.55 
about avoiding slipping applies also to steel wheels and 
rails. 

Caution. A loco and train will not be able to negotiate 
a grade equal to that which the loco alone can manage, but< 
only that grade multiplied by the wt of loco alone, divided 
by the wt of loco and train. Thus, where a loco alone can 
operate on an 8% grade, it can handle a train of its own wt 
on grades of only half that, or 4%. Altho the operation of 
a loco may approach the theoretical coefs of fric, yet In 
practis a very little water or grease on a short length of 
rail may .so reduce the coef there that the wheels may skid 
and the machine or train become unmanageable. 

6.729. Operation, as in standard railroading, should be by 
carelul and competent men only. 

6.73. Cars 

for use on industrial rys may have only a platform, a box 
body, or any of a great variety of forms for handling spe- 
cial objects as logs, brick, ore, concrete, etc. Damp cars 
may be bottom-, side- or end-dump, and of many different 
designs. Mlses vary from 4-wheeld hand-cars up to 8- 
wheeld (two-truck) cars of standard RR type. The bodies 
are usually made of steel, prest or welded. 


6.8. TURNTABLES 

Poi table turntables have been available, with a short 
ramp on one end, onto which trucks or other vehicles may 
be lun, and then turnd around in places too narrow for the 
vehicle to turn itself, such as that half of a roadway not 
under construction. 


7,0. OTHER EXCAVATORS 

in addition to those described in sections 1, 2 or 5. 

7.1. PLOWS 

7.11. Construction. A plow consists of a pointed "share” 
which divides the earth, and above it a “moldboard” so 
curvd as to throw the earth to one side. On the opposit 
.side is the “landside” which prevents the thrust of the 
share and moldboard from deflecting the plow. These are 
attacht to a frame or "frog”, to the rear of which handles 
are attacht for hand plowing, and to the front of which is 
fastend a "beam” to which horses or a tractor may be 
attacht, and to the under side of which a "gage wheel” is 
sometimes flxt to control the depth of cut. 

7.12. Typen. The rooter plow or snbsoll plow has no 

moldboard, is much .sharper, and is used to loosen par- 
ticularly hard ground. A gang plow, mounted on wheels, 
carries three or more plows to cut as many furrows. In 
the disc plow a concave, edged, steel disc, mounted on edge 
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in the piano of motion, replaces the moldhoard plow, and ia 
especially adapted for sticky or very hard dry soils. 

7.1. *1. FurrowH may be cut from 4" to 12" deep. In shaly 
rock 7" or S" is about all that can be attempted. Width of 
cut, 12" to 14" loi deep cuts, and less for shallower cuts. 

7.14. Welgrhta of farm plows arc usually somewhat over 
100 lbs; while contractor’s plows weig:h from 180 lbs to 
430 lbs. 

7.1. %. Power may consist of from 2 to 12 horses, while 
some plows are rigged to be attacht to a tractor. 

See also 7.5, Elevating graders. 

7.3 ROOTERS 

A rooter is similar to the harrow used by farmers, but 
much stronger, to withstand the stresses imposed by being 
dragd by a tractor, and by deeper and harder digging to 
depths of abt 2 ft. It is mounted on a pair of wheels 
from 2 to 3 ft in diarn The number of teeth is much 
smaller than in the harrow, being as high as 9, tho more 
usually 5 or 3, with provision for leaving only 2 or 1 for 
digging. Some are clalmd to be .so designd as to be .self- 
sharpening until worn out. elglitN may be anywhere 
from 2500 lbs to 8000 lbs. 

Rooters seem to have their greatest utility in making 
ready ground for bulldozers (sec 7.3) and graders (7.4) 
where it is very hard oi stony, consisting of bouldots or 
decomposed rocks. They are of use also in dislodging 
stumps, or breaking up concrete. It is claiind they fre- 
quently obviate blasting. 


7.31. Scarlflerfi 

are similar to rooters. They consist of a stnes of vert 
teeth mounted in one line on one bar, whu h may be used 
in place of the blade of a grader (7.4) or ina.\ be attacht 
to the rear of a road roller. Then utility lies in their 
ability to break up hardend surfaces, and to tiieak off high 
spots of uneven ground. 


7.3. BILLDOZERS, TRAlI.BllLDER^i 

7.31. CouMtructlon. A bulldozer consists of a self-pro- 
pelling unit, usually running on caterpillars (sec 1.56) tho 
sometimes on rubber-tired wheels, powerd by gasoline or 
Diesel engin; provided with a very stiong blade. 

7.311. The Blade or .Scraper is of steel, oblong, mounted 
In front of the caterpillar or wheels, its longer axis hor. 
It IS usually held at rt angles to the line of motion, but m 
some makes may be placed at any hor angle up to SO'*, 
right or left, to throw dn t to one side, and it may also be 
tilted from the vert to better suit different kinds of earth. 
The lower side carries a cutting edge of specially hardend 
steel, while the main portion of the blade is usually more 
or less concaved to carry along as much mat’l as possible. 
The blade is arranged to be lifted as much as 3 or 3 Vi ft, 
and lowerd 5 or 6 ft below the level of the ground on which 
the machine may be operating. 

7.312. Weights of such machines run from 3600 lbs to 
6000 lbs. Capacities when loaded for shoving, 2 to 4 cu 
yds. HP, 30 to 70. 

7.318. Operation frequently consists of an Initial move- 
ment of 25 to 40 ft at abt 2 ft/sec, in which the blade la 
lowerd and the mat’l scraped up; and then a hauling or 
shoving movement which may be as long as 300' at abt 
ft/sec, with the lower edge of the blade at ground level. 
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After depositing the mat’l where wanted, the return may be 
made with the blade raisd, at full speed, say 4 ft/sec. If the 
material la hard, it should first be gone over and loosend 
with a rooter. Experiment should delermin the best speed 
for shoving, as it is usually possible to travel fast enough 
to lose much of the mat’l. 

litilit:^. The bulldozer is of use for clearing, 
maintenance of roads, spreading mat’l, making fills, making 
paths lor trucks, shovels, etc, but the niat’l niust be fairly 
looHe', without soft pockets, without rock, and the haul not 
too long. They are particularly effectiv scraping doton 
slopes as steep as :ir)% to 457o. If the gear is right, they 
may be backt up the grade for the next operation. 


7.4. (aiADKKS 

7.11. A gradei, also known as blade grader, road shaper, 
oi ninlntalner. consists essentially of a* blade or moldboard 
mounted on a flame on wheels, much as in a bulldozer 
except that the blade is betw the Iront and rear wheels 
instead of in front of all the wheels. 

7.42. Power. (Iradeis may be either powerless, to be 
puld by .itiimals oi a tractor requiring 1’. to 80 IIP; or they 
may he piopeld by then own power, which is usually around 
ftO HP, using 4 steel wheels, or 4, 6 or 8 rubber-tired wheels, 
or caterpillars, for propelling. 

7.43. The lllade or Moldboard is furnisht in almost any 
length fiom 7 to 16 ft, or le.ss when horse-drawn, 12 ft 
being usual, with a lit ot abl 18". The blade is adjustable 
in ht, hor angle and tip. 

7.45. Weightj* may be as low as 1400 lbs in graders to be 
towd, and as high as 17,000 lbs or more in power machines. 
SpeedN of power machines are usually abt 2 mi /hr in low 
gear, and 10 mi/hr in high gear, with two intermediate 
gears, and reverse. 

7.45. litllity. Graders are not essentially excavators, tho 
they may do a moderate amount ol cutting. They are chiefly 
levelers or eveners, and are used largely for maintaining 
the surfaces of earth roads, and ditches and banks; taking 
displaced mat’l and shoving it along until it finds low spots 
to lodge in. 

7.49. Leaning-Wheel Grader 

In this the wheels may be leand to one side or the other 
as much as 25® or 30®. This is of value fl) in opposing the 
thrust of the blade when forming banks, and (2) to keep 
the wheel-treds hor when It is w’orking on steeply sloping 
ground. The blade may be swung out to the side (its plane 
approx at rt angles to the line of motion) and set at differ- 
ent positions and vert angles for the forming of banks as 
high as 8 ft. Or if may be set low so as to partly cut and 
form small ditches. 


7.5. ELEVATING GRADERS 

are not a development of graders, but are a combination of 
plow and conveyor mounted on a frame carried by wheels 
or caterpillars. 

7.51. The Plow may be either of the moldboard type, or 
both disc and moldboard in series, capable of cutting a 
furrow abt 1' wide,. and 6" to 7" deep. The moldboard de- 
livers the broken-up mat’l onto the lower end of a small 
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TJSJS, Conveyor or “Elevator” of changreable inclination, 
(usually of the belt type, tho buckets have been used) from 
14 to 25 ft long-, the belt being u.sually 42" or 48" wide. It 
is mounted at rt angles to the direction of motion, extend- 
ing outward to the right or left, and upward suif’y to 
deliver over the top of a wagon or truck moving alongside 
and keeping pace with it. 


7J54. Power. Either horses (as many as a dozen) or a 
tractor (around 75 HP) may be used for traction. The con- 
veyor may be operated either by a separate power unit on 
it, which makes belt speed control easier, or by a “power- 
take-off" from the wheels or tractor, which is simpler and 
lighter. 


7J15. The Weight of such a machine may be around 
15,000 lbs. , 


7.56. Capacity will vary greatly according to the kind of 
mat’l encounterd, but will usually be over 1000 cu yds per 
day, while some mfrs claim that about 3000 cu yds per day 
have been handled. 


7J58. Utility. These machines can be very servisable on 
even level ground of uniform plowable loam, sandy soil, or 
gravel, for the • forming of canals, irrigation and other 
ditches, and levees, and for RR and highway construction. 
They are said to be particularly helples.s on wet ground, 
being unable to handle wet or sticky inat’l, and especially 
so among rocks or boulders or roots, in hard-pan or deeply 
frozen ground, or where there are abrupt grades. 


7.50. Operatloa. Unless the conveyor is delivering mat’l 
directly to the tops of levees or other embankments, the 
servlsing of the machine by the optimum number of wagons 
or trucks is most important, as changes in hauling dlst may 
call for more or fewer vehicles. 


7.6. TREIN'CHERS AND DITCHERS 

7.60. Definitions. Engineers seem to make a quite deflnit 
distinction between trenches and ditches (tho not percept- 
ibly indicated in dictionaries), a trench being comparativiy 
narrow with vert or nearly vert sides, and the ditch being 
much wider, with side slopes of say 1 on 1 or flatter. 


7.61. Types. Almost any excavating device may be used 
and has been used for digging trenches and ditche.s. Years 
ago, cableways were much used, strung over the line of the 
trench, some handling a number of buckets which were 
loaded by men digging in the trench. These may be used 
effectivly If nothing else is available, and they can be used 
for deeper digging than the machines described below. In 
at least one case, a power shovel dug and deliverd to a belt 
conveyor that carried the mat’l along for back-filling. A 
power shovel mounted on a flat-car is frequently used by 
RRs for maintaining the ditches alongside their tracks. 
Two types of machines using huckets for digging as de- 
scribed below, have been specially develop! for trenching 
and are largely used. But where these are not available, 
the machine most generally resorted to is the pnll-scoop 
or back-digger (sec 1.17), 
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7.02. Bafeket-Whcel Trenchem 
7.621. Conatmetlon. Fig*. 13, An engin, E, Cformerljf 
steam, but now generally gasoline or oil) is moun-ted on a 
frame carried by wheels, W, or caterpillars, C, or both. 
Extending from the rear Is a large vert wheel, L, L, which 
carries a aeries of buckets, B, B, equipt for cutting. There 
is also a belt conveyor, V, as in elevating graders (sec 
7 52). The engin is geard for driving the entire machine 
ahed at varying speeds, for rotating the bucket- wheel, and 
for operating the conveyor. The wheel, L, has no axle, but 
is a circular frame rotating on three or more rollers, R, R, 
and the buckets, on reaching the top, dump Inside the cir- 
cumference of the wheel thru an opening in a fixt ring (not 
shown) which the wheel embraces, onto the conveyor which 
extends in to abt its center. Where tile or pipe is to be 
laid, or other work done in the trench directly behind the 
machine, not only may the sides of the wheel be enclosed 
to prevent the sides of the trench from falling in, but there 
may be carried behind the wheel a large hollow box, X, in 
which the workmen may lay their pipe with a fair degree 



of protection. In some machines the wheel (without the 
protecting box) has been arranged to be turnd right or left 
abt 20®, so as to excavate a ditch rather than a trench- 

7.022. Depth of Trench which bucket-wheel machines 
can dig, is from 8 to 12 ft max. The width may be from 
12" to 28" or as much as 42", altho 12" or even 15" is too 
narrow for men to work in efficiently, so that 18" or more 
is usual. 

7.62.^. The Conveyor, F, which extends out at rt angles 
to the right or left, to deliver the excavated mat’l either 
in a long pile at the side, or to trucks, is usually of the' 
belt type, (sec 5.1) of ordinary width, from 20" to 30". 

7.024. IIP, from 25 to 100. 8peed or feed, in ordinary 
earth, from Ihi to 4 It of trench per min, in exceptional 
cases as high as 57niin, while partly frozen ground may 
slow it down to %Vtnin. 
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Bucket-Chain TrencherH or Ladder Excavatora 

operate much like ladder dredges (p 581/, paragrrafs 7 2. 73 
& 74). 

7.d31. Construction is much the same as that of bucket- 
wheel trenchers, except that a chain carrying buckets takes 
the place of the wheel. Tiie course of the chain of buckets 
has been different in different machines, havinj? either a 
triangular or elliptical outline as seen from the side, while 
in some machines the forwaid buckets are moved downward 
in a vert line, forming a vert face to the trench Smne 
machines are so designd as to be able to cut a trench only 
a fraction of a foot from the toundalion wall of a building. 

Depth of french which bucket-chain trenchers can dig, is 
from 12' to 20'. Width of cut is about the same as in 
bucket-wheel machines. The conveyor is arranged as in 
bucket-wheel machines. HP, from 30 to 70. Speed or feed, 
from 1V4 to 5 ft/min. 


7.G4. Operation 

of bucket machines (either type) is usually accomplish! by 
two men with the machine. Others must of course be em- 
ployd for laying the tile, pipe, calde, or whatever i.s to be 
placed in the trench, as well as for buck-filling. One of 
the main obJcct.s in the design of the.se machines is to mini- 
mize the time that a trench must be open; particularly 
important on roads or streets. 

* 7.«5. Utility 

of bucket machines is likely to be limited if hard rocky 
ground is encounterd, advance blasting freijuently being 
required. The figures above, sec 7.624, for .speed, are for 
earth, gravel, tough clay (»i sand. Trencheis are particu- 
larly useful for laying water, sewer, gas or oil pipe, or lele- 
fone cable. Pull-scoops (or “back-diggers") (sec 1.17) are 
very largely used in place of bucket machines. 

7.G0. DITCHES 

(meaning wide trenches with sloping sides) may often be 
dug with other excavator.s, such as power shovels, or even 
clam-shells if the ground is soft enough, and especially by 
pull-scoops. Leaning wheel giaders (sec 7.49) are largely 
used for shallow ditches, while shovels operating from RR 
track do much of the main! of RR ditches. 

7.8. HYDRAULIC EXCAVATION or HYDRAULICKING 

originating chiefly as a means of surface mining, consists 
of squirting large quantities of water at high pressure thru 
a large nozzle, against the material to be excavated. 

7.81. Water Supply. In some lasi's suff water may be 
obtaind by gravity from .some not too distant source at a 
higher level. In other ca.ses It will be necessary to pumii 
the water, centrifugal pumps being usual and efficient, 
making possible the use of salt or gritty water. The head 
req’d will be several hundred feet. As little as 80 or 100 ft 
head has been used for washing mat’l away, hut usually 
less than 200' will not be satisfactory for cutting, while 
300 to 400 and even 600 ft head are used where poss. The 
quantity of water used will be determind by the head and 
the size of the 

7J82, Noaale* <<Hydraiillc GlanC* or *<Monito«^* used. Ac- 
cording to Peele’s Mining Engineer’s Handbook, we have 
approx’y ; — 

Diam of nozzle, inches 1 3 6 9 

Flow under 200' head, cu ft/mln 33 250 1500 2700 
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Diaiiis of nozzles vary from to 10". Eixperience indi- 
cates that a number of smaller nozzles are more effectiv 
than a very large one, altho an S" nozzle, using 3000 
cu ft/inin, has excavated 800 cu yds/hr. The nozzle must 
be fastend to the ground in some firm manner, to resist the 
great reaction from the escaping jet. The base of the noz- 
zle is attach! to the supply pipe by a swivel Joint that will 
permit considerable changes of direction. A small nozzle 
may be directed by hand by a long handle extending back 
to the rear; but the larger ones will usually require a 
defleptor. This may consist <if a short tube, larger than the 
nozzle, surrounding the front of the nozzle and extending 
a short dist in front of it, and so mounted as to be turnd 
slightly by hand in different directions, so that the jet 
strikes its inside surface on one side or the other, the reac- 
tion being suff to turn the nozzle as desired. The deflector 
is then again turnd straight ahead. The bore of the nozzle 
should be very smooth and even, as slight roughnesses will 
break part of the jet into spray, losing much ot its force. 

7.83. SluioeN used for carrying away the mixture of water 
and earth usually requiie a grade of 4%. Sometimes a 
mere gully, reinforst on the sides by planks, will be suff, 
but It IS usually better to piovide a wooden or metal flume, 
especially as it is easier to shift as the work progresses. 


7.84. (-apaeltieM. Records of mat'l excavated in given 
times aie often unsatisfactory because some factor is not 
given. It has been found, however, that the proportion of 
solids that the water will carry ranges betw 6 and 20%, 
with 11 or 12% as an average. From this it would seem 
that the amt of excavation may be conservativly estimated 
and computed as 10% of the water deliverd by the nozzle 
or "giant”. 


7.88. I'tillty depends upon the head and quantity of water 
available, character of mat’l to be excavated, and ability to 
dispose of the waste. Its efficiency will be greatly increast 
when the waste may be used tor dam construction or for 
making fills. Material excavated may be sand, gravel, 
eartl), and even loose lock. Glacial till, hard blue clay and 
boulders were excavated in large quantities on a number 
of the Miami Conscivancy works, but with some difficulty. 
Sometimes advance blasting is necessary or very desirable. 
Preeslng. if severe, may suspend operations entirely. See 
also "Operation”, following. 


7.80. Operation requires care and skill. Nozzles should 
oe kept as close to the face to be excavated a.s possible, 
altho even more eare should be exercized to keep far enough 
awav to avoid danger from caving. 50 to 60 ft is further 
than desirable for efficient cutting, altho fair work has 
been done at 250' with a small nozzle. The nozzle is best 
aimd at the base of the wall of mat’l to be cut away, strik- 
ing at a .small angle. It Is frequently well to have a low 
pressure nozzle to assist by breaking up masses that may 
cave down and by keeping the mat’l excavated by the high 
pres nozzle moving on its way to the sluice. For efficiency 
it is important to watch the output closely. A reduction of 
■olidM carried to half the max poss, may otherwise pass 


unnoticed. ^ i • 

Hydraulic excavation was used most effectiviy in very 
large grading operations in both Portland, Ore, and in 
Seattle, Wash, where a hill about a half mile across was 
reduced by 210' In ht, street grades being reduced from 
betw 7 and 15% to 5% over a dist of 800'. Much of the 
mat’l was sluiced to tidal flats, forming useful land as well 
as almost eliminating a hill impracticable for habitation. 
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9.0. OPERATION 

In the following paragrafs on “balance”, waste motions, 
layout, choice and maintenance of machines, and personnel; 
nearly eve^ point brought out may be regarded as a factor; 
for if the efficiency of any one of them be reduced by any per- 
centage, the resultant output will be reduced by almost if not 
quite the same percentage. Hence all are about equally im- 
portant and none should be slighted. 


».l. FUNDAMENTALS 
9.11. Balance . 

9.111. Machines. Perhaps the most important and com- 
prehensiv principle to observ for ideal efficiency in the 
operation of equipment, where more than one machine is 
involvd, is that all of the several machines working in con- 
nection with each other shall “team together” as nearly as 
possible, and that the work of any one shall fit in with that 
of others as regards capacity and reliability For example, 
bad balance obtain.s when too many trucks must wait 
for an excavator, or too few trucks keep the excavator 
waiting. One machine, unable to keep up with the rest, 
may keep them all down to its own low rate. Or, again, if 
the equipment is already well balanst, the purchase and 
introduction of any one machine capable of working twice 
as fast as the one displaced, will not speed up the work in 
the slightest, and will increase maintenance cost and in- 
terest on the investment. Usually there is one expensiv 
“key” machine, such as a power shovel, whose output it is 
not practicable to change materially; and it is to this that 
all the other co-operating machines should be timed. Gan- 
tlont — But see “in practis” in sec 9.3. 

9.112. Material and Labor also should be kept balanst. 
Unless the work is well supervised, machines may be kept 
waiting for insufficient or incompetent men; and conversely, 
expensiv men may be kept waiting for machines or equip- 
ment. Lack of pipe, wire, tools, etc, may add much to 
man-hours req’d to overcome the handicap. 

9.113. Time and Materials should be balanst so that 
needed supplies, as gasoline, oil, cement, food, etc, arrive 
at as nearly the best time as possible. Not only may late- 
ness hold back the work, but pre-delivery may do so by 
cluttering up places where other things belong or where 
free movements of men and mat'ls are important. 

9.12. Waste Motionii 

should be reduced to a minimum. No fix! rules can here be 
set down for such matters. Many books have been written 
on this subject alone. See section 620.« in Bibliography pre- 
ceding Index. The management must be on the watch for 
needless rcvcra movements, re-handling, exeeMsIv travel, 
such as that of an excavating bucket or the movement of a 
truck. Only common sense and ingenuity can here be pre- 
scribed for most of such efficiency work. Wasteful Repett- 
tiv OperatlonH should not be lost sight of or ignored, even 
when apparently trivial. It may be said; “It is not the little 
things that count, but the large number of them”. A loss 
of only 3 secs in one operation of a shovel making a cycle 
every 30 secs, is multiplied by almost a thousand in a day's 
work, and means the loss of over an hour in a 10-hr day. 

« 9.13. Time StudleM 

of machines it is proposed to use, are usually of great help 
in planning the work, and if kept up as each job progresses, 
they frequently reveal unsuspected causes of delay and in- 
efficiency, especially valuable if of repetitiv work. Record* 
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ingr ammeters, truck movement indicators, and other re- 
corders and meters are valuable if used and studied, and 
advantage is taken of their indications. 

8.14. Scheduling: 

should be undertaken in almost every case, especially where 
many machines and operations are involvd. Even tho pre- 
cise predicting may be impracticable, it is usually far better 
than forging ahead by hit-or-miss judgment. As an aid 
in scheduling, we suggest “Engineering Office Systems” by 
John P. Davies, McGraw-Hill Book Co, New York, N Y. 

0.141. Diagramming is usually ol great assistance in 
scheduling. Many methods arc available, too numerus to 
outline here. For this, “Graphic Methods for Presenting 
Facts”, by Willard C. Brinton, the Engineering Magazine 
Co, New York, N Y, may be of value. 

9.a. PLANT liAYOUT 

Conditions vary too widely to permit the giving of any 
detaild rules for plant layout. It will depend upon topog- 
rafy, materials to be handled, machines available, locations 
of supplies of both men and equipment, meteorological con- 
ditions, time and money available, and probably other fac- 
tors. For good results, it calls for detaild planning and the 
ingenuity and common sense of the C E. A review of engi- 
neering periodicals may often afford valuable suggestions. 
See Eng Sc Contr’g, ’29 Nov, p 443. 

9.21. Surveys 

are essential for all but the simplest jobs. These should be 
plotted to a generus scale, should include all the territory 
involvd, and show all objects that may be encounterd; and 
of especial value are coatours accurately plotted for every 
few feet of elevation. 

9JB2. BxeavatloUf etc* 

should be pland as closely as possible. In the case of power 
shovels at least, diagrams supplied by mfrs (or obtainable 
by measurement) showing the reach, clearances, ht of lift, 
etc (see secs 1.14, 1.15 and 1.18) together with capacity and 
speed of operation, make possible close planning of the cuts 
to be made and estimates of time req'd.« 

9.23, Roads 

should be thoughtfully laid out so as to serv all machines 
as well as possible, and to minimize their reconstruction 
as the work progresses, using moderate grades and curve 
that will utilize the high speeds now possible with trucks. 
See also 9.43, road maintenance. 

9.3. CH(»1CB OF MACHINE 

will depend upon many factors, among them the work to be 
done, the kind of mat'l to be handled, topografy, meteoro- 
logical conditions, money available, and the abilities of the 
machines. For this last, see pamgrafs entitled “Capacity”, 
“Utility” and “Operation , in each article descnptiv of each 
machine in question, on preceding pages. 

in practiM, unless the machine will be worn out when the 
job is done, the ideal machine for max efficiency, or even 
that combination of machines that produces the best balance 
(secs 9.11) is not always the best. Often the cost of pur- 
chasing or hiring will be prohibitiv. Even with ample 
funds, it frequently may be cheaper in the end to use ma- 
chines already in hand, even tho rather inefficient for the 
purpose, than to purchase the ideal machines which cannot 
be sold or hired out to advantage when no longer of use on 
the job for which they were obtaind, particularly when they 
will not be used over a long period of time. Usually a 
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moderate sised machine will be best, because more likely 
to be of use on subsequent jobs. Some marhines are more 
versatil than others, such as the crane, sec 1.112, and the 
pull-scoop, sec 1.17. Some are extremely limited, such as 
the bucket conveyor and the bucket-wheel and bucket-chain 
excavators. See also sec 0.3. 

The following articles may be found to be of valvu'. 
Civil Engineering, ’3t5 Mar, p 139, Eng & Contr’g, ’29 1 it c, 
p 491. For a comparison of draglines with other devices, 
see article on New Madrid (Mississippi Floodway Eevee, 
Eng New'^s-Rec, ’31 Apr 16. fc>ee also Construction Plant, 
Methods and Clost, by Chas H Paul, ^lami Conservancy 
District, Dayton, O. 

So many kinds of machines, often of increasing size, are 
being continually put on tlie market, some to endure and 
develop, some to disappeai, that when more knowiedge is 
req'd, we suggest that catalogs of mfrs be sent for and 
studied. For addre.sses, .see advts in eng'g periodicals. 

fl.4. MAINTENANCE AND SERVISINC 

Hardly too much emfacis t an be placed on the importance 
of ample and eflfectiv means for servising, maintaining and 
repairing machines, especially w'here a half dozen or more 
of them are in use. As pointed out in sec 9.1, the failure 
of any one machine may mean the stoppage of a number 
of others as w'ell. One man should be in sole charge of 
maintenance, w'lth no other duties. With a dozen or more 
machines (trucks, excavators, etc;, he should have a special 
maetalne «hop with blacksmith shop and W'elding equipment, 
and all tools and devices usually accompanying it. 

•.41« Spare Parts should be kept on hand for all parts 
judged likely to fail, especially parts of which there are 
many alike, even tho it is impossible to predict accurately 
what may be needed; and renew'als should be oidered 
promptly for any parts found wearing out. For small devices, 
as jacks, carts, tools, etc, it is well to have complete dupli- 
cates on hand. 

9.42. Oiling and other routine serviulng may well be 
done by schedule, at lunch-time, betw shifts, or at night, 
making thoro innpe^tion of machinery, of chassis and tires 
of autos. Where only trucks are involvd, they may be re- 
quired to report regularly to one or more gasoline stations 
having water, comprest air, oil, tires, etc. Where less mo- 
bile machines are in use, as power shovels, cableways, etc, 
trucks should be specially appointed to deliver these things 
to all machines on regular trips. 

9.43. Road Maintenance is of equal importance now that 
trucks are very greatly depended upon. They should be 
kept well surfaced at all times. 

9A OPERATION OF CRANES, ETC 

The following points, likely to be overlook t, and regarded 
as especially important, are taken from the <^ode of Safety 
Standards for Cranes, prepared by the Am Soc Mech TOngrs, 
and agree closely w'lth rules by Assd Genl Contractors of 
America. 

Proper provisions for strength shall be made for all parts 

subject to impact and rough u.sage. No ca.st iron except 

drums, bearings, brackets. Gears shall be provided 

with standard gards. Drums shall have a ilango at 

each end. Not less than two full wraps of hoisting cable 
in the groovs when... at lowest position. 

Cranes shall be operated only by the regular crane oper- 
ators. Operator should not eat, smoke nor read when oper- 
ating,... nor operate. .. .when. .. .physically unfit Someone 
specially de.signated should lubricate all working parts. 
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Cranes shall be examind daily for loose parts or defects 

(and) kept clean. Avoid swinging loads over 

workmen. On electric rnachine.s, close no main switches 
until sure no one about, and that all controllers are off. 
When leaving machine, thru all switches off. 

The operator shall not make side pulls with the crane 
....lower carefully. When handling max loads. .. .test the 
hoist brake.M after the load has been lifted a few inches: if 
the brakes do not hold. . . .lower. , . .and. . . .adjust or repair. 

Operator shall recognize signalH only from the one man 
who is supervising the lift. The following are among those 
recommended by the Am liy Bridge & Bldg Assn; — 

Hoist: forearm vert, making small hor circle with hand. 
Lower; wave forearm downward. 

Stop: hold hand level with hip. 

Flmergency stop; hand level with hip, move hand right and 

left. 

Raise or lower boom; point up or down with thum. 

Close or open clam; close or open hand. 

».« PICHSOiNiSEL 

Another laotor ol gre.at impoi Lance in operating machines 
IS the charactei and abilitv ot the men employd. They must 
be both competent and careiul — able and willing. Careless 
or unskild men will probably kink cables, batter buckets 
and shovels, jerk hoisting lines, thus introducing dangerus 
stresses or overturning rnachine.s, overload conveyors, abuse 
autos and trucks and their tires, cause unnecessary break- 
ages and consequent inordinate delays: neglect lubrication, 
loose bolts and worn parts; leav ragged excavations or 
sides so steep they cave in; hinder an entire plant by late- 
ness, or slow it down by indolent work, or injure men by 
careless handling, or cause dissatisfaction among the other 
men; all of this resulting also in increast “turnover” and 
its expense. Altho their practical experience may give 
them certain knowledge the C E may not have, yet when 
they feel that no one can know more or do better than 
they, they become dangerus. A careful and expert man will 
probably save very many times the increase in his pay; will 
he willing to work hard and do overtime if necessary, being 
content and even eager to remain on the work, acquiring 
an interest in it, and w'ill respond favorably to decent treat- 
ment and respect, and to efforts to maintain his health and 
happiness. 

J».7. DISASTERS 

.such as war, revolution.s, strikes, tornados, shipwrecks. 
Hoods, long rains, rock-falls and land-slide.s, failures due 
to errors in computation or construction, fires, explosions 
of gasoline and dynamite, epidemics, "rackets” and financial 
‘‘depre.ssions’’, may add treniendusly to the cost of a project, 
and delay it indetinitly. Probably it is practicable to Insure 
only against fires, tornados, shipwrecks and epidemics. 
Floods may usually be predicted in time by receiving prompt 
reports of heavy rains and snow meltings from rain-gage 
or river-gaging stations back on the water-shed. Rains 
which may delay work for weeks at a time cannot be pre- 
dicted. Chance of error may be minimized by ample check- 
ing, while watchfulness and care should be malntaind 
against construction failures, explosions or epidemics. The 
engineer may often be on gard against depressions by a 
study of financial and business curvs of the past 50 or 100 
years or more. 



586r contractor’s equipment. 


9.9. COSTS 

9.011. In sec 6.411 we were able to give fairly deflnit 
coats of automobile operation by considering distance-costs 
and time-costs separately, as applied to level high-grade 
roads only; and from these the reader may obtain the tot 
cost for any particular case by merely adding the two costs, 
and then making allowances for other surfaces and grades. 

9.912. When it comes to total costs of earthwork, (excavat- 
ing and conveying), it becomes increasingly difficult to give 
figures that show any sign of agreement, because of the 
many more elements or factors in the more complex opera- 
tions. There may be any one or more of many kinds and 
sizes of excavator used, the mat’l encounterd may be any- 
thing from mud to rock, the work may be in open country 
over wide areas or trenching in trechcrus soil in city 
streets where traffic interferes, the dist the mat’l must be 
transported may be from a few feet to several miles, the 
difference in elev’n may be plus or minus a hundred ft or 
more, the depth of cut may he a few inches or beyond the 
reach of the machine, and any one or more of a number of 
kinds and sizes of conveying devices may be employd. 

9.913. The C E with wide experience in excavating and 
conveying may usually be able to estimate unit costs with 
a tolerable degree of accuracy, by merely looking at the 
work to be done, and reviewing the machines available. 

9.914. It seems best, however, in addition to referring to 
what figures we can in sec 9.i*2 with their wide discrepan- 
cies, to expect the lovss experieiist C E to figure out cadi 
problem for himself as nearly as may be, from the figures 
we have given in the preceding sections, of capacities, 
weights, speeds, etc, of the machines available, subject to 
careful judgment baaed on what we have said regarding 
utility of each device. The computations u.sually involv 
nothing more than simple arithmetic, but it is es.sential that 
all factors or elements be considerd. To this end, we give 
in sec 9.94 a list of such items as may enter into any given 
problem, tho some or many of them may amount to zero in 
any particular case. See sec 9.95 for an example. 


9.92. Cost Data 

9.921. For suggestions in this book, see as follows; — 

Pages 1024 et seq, for comparativly primltiv methods of 
excavation and transportation, noting that figures are based 
on labor at $1 per 10-hr day. 

Pages 1105-7 incl, paragrafs 52-56 ind. The.se figures are 
for railroad work, practically all for 1914 and earlier. 

Page 1408, para 2.11. From Bidding Eatimates. Tears 
of 1925-6. 

Pages 681tc and x, paragrafs 1.38-153 incl. Figures apply 
to dredging only, 1914 and earlier. 

9.922. On the Welland Canal (1922-1931 only) rock exca- 
vation and disposal cost on an av |6.27/cu yd under water, 
and $2.12 on dry land. 

9.923. A review of “Current Construction Unit Prices” as 
estimated by bidders. In recent issues of Eng News-Rec, 
may disclose figures that may be of servis, and that will 
require no adjustment for time, altho of course there is 
nothing to indicate how far the actual cost came from the 
amts bid. 
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0.93. CocffidentM 

Tables and charts frequently found in engineering peri- 
odicals may be of great use "'provided the conditiom are those 
for which the chart (or table) is made", or if proper coefficients 
may be applied to the result to adjust to the actual condi- 
tions. We offer the following suggestions. 

0.031. Coeflfs for different Yenrs. In Eng & Contr’g, ’28 
Aug, p 41(), »s a table and diagram showing yearly av prices 
of common excavation on the Wabash RIl from 1800 to 1915 
incl, from which may be computed a coeff for changing the 
cost of any one ol these years to any other. 

From “lOrig News-lie(‘ Construction Oo.sts”, publisht an- 
nually by McGraw-Hill Pub Co, New York, N Y, may be 
obtaind comparatlv costs of many factors entering into 
C E work, from 1013 in most cases, to date. At least, the 
curv for common labor may be of servis in adjusting data 
betw such dates. 

0.032. Output CocflicientM following are abstracted from 
“Output Factors for Excavation and Material Handling 
Equipment”, by A. E. Holcolm, in Civil Eng’g, ’30 Oct. 

0.0321. The factor is 1.00 when the operating conditions 
are reasonably favorable, the dipper .shovel or drag-line 
bucket has a < apacity ot 1 cu yd, an 8 ft cut is being made 
in ord’y earth, and the av swing of the boom is 90®. Note 
that these are not cod coeffs such as in sec 9.931, and that 
the two are not nec’y reciprocal of each other. 


For MatcriulM,'*' 

Hard shale and other 
r o c k y formations 

poorly blasted 0.40 

Fairly well blasted rock 
or hard-pan, and 
tough rubbery clay... 0.50 

Clay and boulders 0.60 

Heavy clay (not sticky) 0.70 


Clay gravel 0.80 

Wet .‘iandy clay 0.90 

Urdinan earth 1.00 

Eight dry loam or clay, 
loose sand and gravel, 
cinder.s and ashes.... 1.10 
Eight moist clay and 
loam 1.25 


.Slse of Shovel Dipper or Sixe of Urng-llnc Bucket; is di- 
rectly proportional to output. Thus, a half cu yd dipper 
will take out only half as much as a 1 cu yd dipper in a 
given time. 

Output coeffs for Depth of Cut for a Shovel swinging 4 
revs/min, and other ct)nditions as above (9.9321), which 
should excavate about 100 cu yds /hr, 


Depth of cut, ft 1 4 8 12 16 

Coefficient 0.62 0.89 1.00 0.88 0.76 

Output coeffs for Depth of end-cut excavation by Brag- 
Lliic with conditions* as in sec 9.9321, which should excavate 
80 cu yds/hr; 

Depth of cut, ft 1 4 8 16 24 32 40 

Coefficient 0.82 0.95 1.00 0.90 0.80 0.70 0.60 


9.9322. Example. A % cu yd shovel, working in clay 
gravel, with a cut of 12 ft, may be expected to produce abt 
100 X 0.75 X 0.80 X 0.83 = 52.8 

CM yd»/A,r dipper coeff maVl coeff cut coeff c« pds/kr 


* Cost coeffs establisht by A T Cushing, Eng New«-Rec, 
’26 Sep 9, applying esp’y to trench work, agree fairly well 
with Mr Holcomb’s figures, when the reciprocals are used. 
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A.94. Coiit EJlementM 

to be considerd when computing output or costs. 

9.1K11. Major Elonients. (a) Excavation, (b) Transporta- 
tion, (c) Backfilling or Spreading. 

9.042. Working Raten for computation of volume exca- 
vated and transported per time, siiould include time lor (1) 
Loading, (2) Transporting, Cl) Unloading, (4) lieturning, 
and also for (5) Idleness due to weathei, lepairs and lack 
of co-ordination. 

9.04.^. General. Camp Main!, Supt and Eng’g, Maint of 
Roads, Profit, Effect of .'^ize ol Job. 

9.944. MachineN. In any case. Power, Labor, Repairs, 
Maintenance (oil, etc). It rented, cost of Rental, ii ownd, 
Intere.st and Depreciation, and Idle Time. 


9.9.'. Example 

To illustrate the way in which tire above suggestions 
under sec 9.94 may be used, we give the lollowing com- 
parativly simple example, in which ail quantitie.s are en- 
tirely fictItfuM, and are not to be taken in any ^\ay as fig- 
ures for- estimating. Our compulations are carried to not 
more than .'! or 4 signifiiant figuies, because ii is iinpo.ssible 
to compute such results to within a lew percent. 

Given: — 20,000 cu yds of earth to move an av dist of 
1000', and that it can be dunipt on a sjioil bank witliout 
spreading. Suppo.se we have a 2 V 2 cu yd gasoline sl)o\eI 
capable of digging JOu cu yds/hr, and that we can hire all 
the 5 cu yd trucks we need, capable ol 10 mi/ hr loaded, and 
20 mi/hr unloaded over the territory involvd. 

At 300 cu yds/hr, our Mhovel .should finish, thoorelicall.v, 
in 20,000/300 = 66 hrs, or, allowing 2.0% lost time, in 83 his. 
Using sec 9.944 a.s u lernindei, we might have, $ 2 /hr icr 
gasoline, $l/hr for labor, |2..')0/hi for repairs and main- 
tenance, and $2. 50/hr for int and depreciation, or a tot of 
$8.00/hr, which, for 83 hrs wrmld cost $664. To thi.s we 
should perhaps add interest tor LO days since the last job, 
say $.50, and $50 for moving Irorn it to the present location, 
making tot cost tor shovel, g7U4. 

Taking up the items in sec 9.942, a.s applied to the tniekii, 
and considering loading first, we allow two .shovel cycles of 
30 secs each for loading, plus 15 secs to “spot” under the 
shovel and to pull out, or 75 secs. To travel 1000' at 15 
mi/hr (= 22 ft/sec), will require theoretically 45 secs, or 
say 50 secs, allowing 5 secs for accel and decel. For dump- 
ing we allow 10 sec.s. For the return. 11 1 20 rni/hr, :{3 -b 5 
= 38 secs. Tot, 173 sec.s for each truck load of 5 cu yds. 
As there are 20,000 cu yds to move, we sliall need 4000 
truck loads, or, at 173 sec.s/load, 692,000 secs. The shovel, 
however, needs only 83 hrs or 298,800 secs. AVe shall need 
then, 69^000/298,800 = 2.31 trucks, theoreticallv. or 3 ac- 
tually. This exces,s of truckage should allow siiff time for 
Item f5) under sec 1.942, (idleness due to repairs) altho 
serving the shovel with only two truck.n. for a time, may 
perhaps more than help to use up the 25% allowd for 
ielays to It. (Delay due to weather we take up later). 
Considering sec 9.944, we a.ssume for each trink $l/hr for 
grasoline, $l/hr for labor, 2Bc/hr for repairs and main- 
tenance, totaling $2.25 /hr. This, multiplied by 3 X 83 = 249 
truck-hours, givs $560. In addition we must allow say 
no/day for rental of each of three trucks for 83 hrs or 10% 
lays, plus 4 days alloii(fance for. bad weather, (tho it may 
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rain for weeks at a time or not at all) or 141^ days, to- 
talm^ $652. This, with the $560 above tor operating, totals 


General expenses. Considering now sec 9.943, we allow 
25e/hr l(.)r office overhead (rental, etc); superintendence*, 
$1.2.5 /hr; total $ 1.50/hr. Allowing tor 100 hrs to include 
office work outside the machine time, this, with $25 for sur- 
\ eying, total.^^ $175. We assume no .special road main- 
tenance, but allow for 3 helpers for 10 Va days at 50c/hr 
each, totaling $126. Foi general expense, then, we allow 
$175 4- $126 = f301. 

Totals. Adding totals for .shovel, trucks and general ex- 
penses, we have $2277. Allowing 10% tor profit, this be- 
come.s the total tor the job. Dividing by 20,000 cu 

yds, we obtain 12.52c/cu yd. Dear in mind that ‘this exam- 
ple is entliely th titius, for purely imaginary conditions, to 
illustrate the kind of method that may be used. 


DREDGING 

Iteferonces. Those contributing most largely have been; — 
W Ij Saunders, XI 1 International Congress of Navigation: A 
W Kobinson, Am Soc C E, Vol LIV, Part C. and numerus 
others writing in Eng News, Ping Rec. etc, and F Lester 
Simon’s book '‘Dredging Engineering”. 

1. Excavating, in general, is the w’ork of loosening and 
moving materials, such as earth, loi-k, etc. It is called 
"dredging” win n water overlies the mat’l to be moved. In 
many instancis, the method.s or devices employd may be the 
same or similar, whether the work goes on above or below 
water. 

3. Psually the object of moving the material is to InereaMe 
the depth of the waterway, to accommodate vessels of 
greater draft. Sometimes, liowever, the object is primarily 
to obtain gold or other preeluM metnlM from the dredged 
material, or to raise the level of land, bv heaping dredged 
material on it. If It is desired both to dredge and to raise 
the land level at place.*^ nc'ar each other, the two operations 
may olten be combined. 

CONTROLLING FACTORS 

3. Methods of dredging, and the devices used, depend 
chictly upon the character of the material to be excavated, 
which may vary from silt to solid rock. However, there 
are often other considerations of much importance. 

HlaterlalM 

4. Mod, .Silt and Sand are generally the easiest materials 
to excavate, but the means used to dislodge them, may so 
mingle them with the water, that they may be carried away 
by the water to some other place where they are equally 
unwelcome, or other mat'l inav drift in and refill the exca- 
vations, necessitating repetition of the work. Or. it may 
become necessary to handle disproportionately large quan- 
tities of water with the mat’l, making subsequent separa- 
tion very troublesome. 

5. lioam. Clay. These, and the gravels, are ordinarily easy 
to dredge, altho sticky clays are likely to give trouble by 
adhering to the buckets after they have been excavated. 
When they are handled by hydr dredges, they may stick or 
jam in the suction orifices or pipe-line. 

6. Indurated ClayM or Hardpans may be so hard as to be 
quite difficult to dredge, and it may even be expedient or 
necessary to blast them. 
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' 7. DSsiiiteftnited Rock, Boulders, Rock. Solid rock, must, of course, 
be broken up before it can be removed. The fragments so obtaind, may still 
be too large to be handled by the machinery employd, and mav have to be 
broken to a still smaller site. In disposing of the dredged rock, it is ohen 
desirable to provide additional apparatus for sorting out the varying sites, 
which may be wanted for different purposes, or for separating the rock from 
soil that may be mixt with it. 

8. Gold and Other Precius Metals are usually found mixt with gravel 
or small boulders. See *|I80 and immediately before. 

9. Additional apparatus, tailings stackers, gold-saving tables, etc, not 
strictly dredging machinery, will be needed to separate the metal from the 

? ;ravel, and where rock may be utilized, still more apparatus may be required 
or sorting, as in 1i7. 

10. Debris may include almost anything except fairly uniform ground. 
It may be ground containing old stumps of trees, often making necessary 
more than one kind of dredging apparatus to complete the work. Under 
this head would come also \vTecks of all kinds, from wreckt masonry (sea ^^all8, 
bridges, etc) to wreckt ships. Dredging machinery may be useful also in 
removing piles or other structures in water 

11. Coral formations are usually quite difficult to handle, and often 
require much.previus blasting 

Operating Space 

12. The type of dredge to be used is determind largely by the character 
of the space in which it is to work. In the open, work may be delayd by 
rou^ water or atorms, for few dredges can weather storms well, and the 
several units of a plant may become damaged by pounding against each 
other In channels, the rapidity of the current may make it impracticable 
to hold in place and operate certain kinds of dredges. In channels, anchor- 
ing becomas troublesome, as the cables, or the pipelines of hydraulic dredges, 
are likely to interfere w<th passing ships, or, in very narrow channels, the 
fihipet may disturb the dredge by creating suction on one side 
Confined apaccM around docks, etc, may make it impracticable to emr»loy 
certain types of dredges. 


Character of Work 

IS. The Depth and Width of cut required may determin the type of 
dredge. Care must be taken in considering the proposed depth of dredging, 
to aUow for the **8quattin^** of vessels, that is, the inereast draft due to 
their motion, an item that is different for each vessel Tho squat becomes 
noticeable only in large craft moving at high speed, yet it has produced an 
increase in draft of as much as 4 ft. (Simon, Dredging Engineering'’). 

14. Hie Diatanoe the dredged mat’l must be transported is a very 
important consideration, often calling for much auxiliary equipment, such 
as scows, and tugs to handle them, or long pipe lines. Sometimes the niat'l 
must be re^ndled at soraejnter mediate point. 

15. The Permanence of the work also controls very largely New 
woik* or iaolated bits of work, with completion in sight, may justify the 
use of almost any dredge available that cun do the work, even tho very poorly 
suited to it. For mamtenance work, however, or where there is prospect 
of repetitions of the same kind of work nearbv, the tendency should be to 
obtain machines closely adapted to the work in hand, and with high operating 
efficiencies. 

16. Much may depend, also, upon whether other kinds of work are 
to be done that can be combined with the dredging, such as land filling, 
obtaining sand, road materials, etc, since one type of dredge might be much 
better adapted to such combination than another which might be ideal 
for one kind only. 

17. Government or Publio operation, more common in foren countries, 
makes possible and economical the employment of much larger and more 
elaborate dredges than are possible under private control, and has been the 
chief reason for certain diffs in types of drudge used here and abroad. 

18* Time* also, may enter into the problem, for if there is not time to 
obtain the ideal dredge, or, if the work must be done very rapidlv, it may be 
necessary to employ dredges that will do the work uneconomically. 
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Operating Facilities Available 

19. The Kind of Power available will aonietiincs influence the aelection 
of the type of machine to be used Conversely, the mech’l equipment of 
an available dredne, may determin the kind of poiver to be used. See ^114. 

20. The Crew available may also be a controlling factor, both as regards 

their number and experience on the particular type of dredge contemplated 
for the work ■' 

21. Supplies. The availability of fuel, repair facilities, new or duplicate 
parts, as well as food, shelter, etc, may all largely determin the choice of a 
dredge tvpe, since one dredge, otherwise well suited to the work in hand, may 
be grossly lacking in such facilities, while another, by its superior equipment, 
may proinis better, even tho not otherwise the appropriate machine for 
the work 


DREDGES’^ 
and l>red|iin|l lleviccsM 
ClaaMification 

22. Means for dredging may be classified broadly as follows; — 

Training walla, reaction jetties, etc 
Drag-line or scoop dredges 
Cableway excavators 
Bucket or grapple! dredges 
Clam-shell dredges 
Orange-peel dredges 
Dipper dredges 

Ladder, or continuus bucket dredges 
Hydraulic dredges 
Rock dredmng 
Rock breakers 
Rock cutters 
Blasting 

Universal” and miscellaneus dredges. 

Training Dev i ces 

23. Walls, dikes, partial dams, etc, may be used under certain favorable 
conditions, to create or maintain deep water, by causing currents to operate 
in such ways as to increas depth by scour; but their treatment is reservd for 
another place. 


Dn^-lin*) or Scoop Dredges 

24. General Feature!*. Fig 1. The boiler and engin E used for the 
work, are mounted together on a frame, or platform, and may be housd in. 
From the front of the platform there extends a long boom R, held up by an 
adjustable guy or stay O’, which bears on an A-frame A. and is fastend at 
the back of the platform Connected to the engin drum is a cable which 
extends to the end of the boom, and then downward over a pulley, as shown 
at W, to the rear of a bucket or scraper S. A* the front of the scraper is a 
harness or bail, to which is fastend a second cable, or dra^^line D, also 
manipulated by the engin. The entire outfit is mounted on a turn-table 
w'hirh is itself mounted on a truck of some kind. The turntable is usually 
able to swing thru an entire hor circle, in either direction. The truck is 
usually fitted with either (a) wheels which run on temporary tracks; (b) 
skids bearing on rollers, or (c) a “caterpillar" gear. 


* Called “dredgers" in Great Britain. 

t This word is used by some to denote a bucket specially designd for pick- 
ing up bulky objects, as stones, logs, etc. 
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2!>, Operation. The scraper S is loword by means of the cable W, to 
the bottom. The cable D is then tiRhteiid, and the lij) of the scraper thus 
forst into the mnt'l, which it scrapes up and collects within itself, when 
the scraper is full, the cables are so adjusted that it i.s raistl Ironi the bottoiii 
still maintaining its nearly level position Then, if the iiiat‘1 cannot be 
dumpt betw the digging position and the inachiiie itself, the r ritire apnaratus 
is swung to a position such as that shown by the dotted lines, so that the 
mat’l may be (lumpt where it will be least in the way. D is tlien relax! , and 
the scraper drops, open end down, thus dumping its coiiients The maelnne 
IS then swung back for another cut. 

26. Sizes and Capacities. The following figs are approx av extremes 
j{ regular construction • 

Boom, 40' to 150' long 
Bucket capacity, 1 to 5 cu yds. 

Digging depth, side cut, 15' to 50', end out, 20' to 70'. 

Weight, 75,000 lbs to 550,000 lbs. 



27. UtiUty. The use of drag-line scoops under water is rather recent, 
but seems to have been very satisfactory so far a.H tried The scoop, not 
being mounted on a vessel, must do all its work by reaching out from land, 
and the dist beyond shore to which it can excavate is neeessanly limited by 
its reach, whereas dredges bilt as parts of vessels can go as far from shore 
as their seaworthiness will permit. The chief use of the scoop as a dredge, 
therefore, is for deepening comparativly narrow channels, such as canals and 
irrigation ditches. Owing to the almost direct hor pull, and negligible vert 
pull on the end of the boom, when digmng, and the resulting small overturn- 
ing moment, the machine is capable of distinctly difficult work, such ns rooting 
out snags, boulders, stumps, etc. 

28. Cableways* or Tower Excavators are used sometimes insted of 
derricks, for handling scoons, and also for handling grapple buckets But if a 
revolving derrick is available, even if it must be shifted across the stream to 
complete its work, it will usually be found preferable to tin- cableway with 
its two eumbej^ome towers If the derrick cannot reach far enough, either 
a cableway or a dredge becomes necessary, and of course there are limits to 
the economical span of a cableway. 


iirapple’" Dredi^es 

The Dredge. 

29. The dredge itself {see also Scows, etc. Till*. I'igs 2fa; and (b). con- 
sists of a vessel V, which carries the necessary Hl!lcl^^ner.^ DJ)' are two 
hoisting drums operati-d by steam or gasoline ingins or ei<*ctne motors. 
Over ^ese pass two wire hoisting rabies, known us the "elosiiig” and 
“opening" lines, H and //', which arc gided by sheavs CC on an A-frame 
A, and thenoc pass over sheavs on the end of the boom li. iiiiU down to the 
bucket K.' Other apparatus, not here shown, and to be described later 
(^46, c|,c) must be provided for holding the dredge in pliice, and fur holding 
to the side of the dredge the scow which is to receiv the dredged mat 'I 


♦The word “grapple” is sometimes confined to speeiul forms of grab 
buckets designd fur liaudling bulky ubjocts, as stone, logs, etc. 
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30. The V'eiwel or Hull V ia usually rectanji;ular, since such a form affords 
a max of stability to resist the iiiomeuts set up by digging and by swinging 
the boom over the scow. There is seldom need for a hull designd for easy 
navigation. It must be very substantially constructed, and braced by 
suitable trusses, bulkheds and knees. There is bilt on the vessel, also, such 
housdiijlt E, for machinery and men, as may seem desirable. 

31. The Boiler and En^in, or motors, are of the usual types, Scotch 
nifinne, or other boiler; 2-eyl hor engins, driving standard hoisting ma- 
chinery. (See Mechanical Engineer’s Hand-Books). The boiler (or jiowcr- 
line, if electric) should be of sufficient capacity to operate all the aux'y engins 
simultaneusly if need be, and the hoisting engin should be of ample size to 
withstand hard usage See under “Power”, f 114, etc 




32. The A*{raine« as its name implies ftho not obvius from the figs, 
since it is there viewd edgewise) is shaped like a letter “A”. The element 
corresponding to the hor portion of the letter is generally referd to as “the 
table’*. At or near the table are mounted two sheavs CC' which hold apart 
tlu' hoisting wires. The A-frame is heid in position at its top by back-^uya 
or Imrkvl^a, or both, LL'. 

33. The Boom, li, is usually maintaind at a fixt vert angle by means of 
a guy-wdre or “topping-lift” G, but is arranged to rotate on a pivot at its 
low er .end thru a considerable hor angle. The upper end of the boom carries 
the two main sheavs over which pass the bucket-noisting lines. 
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34. The Bucket. 

35. The Grab, Grapi^e or Bucket is mfd in two types, the “clain- 
eheir* or “ciab*% Fig 7, having two segments or shells, and the “orange- 
p^**. Fig 8. having three or four segments. 

36. The Principle on which the two kinds of buckets operate >s similar, 
and is perhaps best explaind by first assuming a hypothetical clam-shell 
bucket, Figs 3 (o) and (b) and then explaining the inodihcationa nect'ssary 
Each shell, S or S', consists of a curvd plate, forming about a quarter of a 
eircumf, and of two aide sectors or flat cheek plates. Thu.s, Fig 3 (a), the 
two shells, when closed, form a seim-cylindrical bucket, open at the top 
The shells are pivoted together at C by pins or hintes, and if supjiortcd by 
a sufficiently large force at C, the bucket would retain material M within it. 
But provision is made, thru the rods OP and OP', for applying upward 
forces at P and P', so that on reducing C practically to zero, the bucket must 
collaps at the nuddle, as shown in Fig 3 (6), forming a wide opening under 
It, thru which the mat’l falls If now the bucket is lowerd upon loose mat'l, 
and the forces again be reverst. the two shells will not only reshape themselvs 
into a bucket, but will gather up a certain amount of any loose mat’l on 
which they rest. 

37. At 0 is attacht one of two wire ropes, known as the **openin(l 
while at C is attacht a second rope or cable, known as the “cloHin^ line”. 
It IS thus possible, with only tw'o lines or rojH's, not only to raise and lower 
the bucket as a whole by hauling up or lowering on both lines simiiltaueusly, 
but also to open or close the bucket, by paying out or reeling in one line with 
relation to the other 

38. Actually, the bucket shown in Fig 3 will gather up but little of any 
hard maten^, since not enough of the lifting force C can exert clohing or 
biting forces. 

39. Practical Dekliln. To overcome this, the bucket closing forces are 
increast. In one make of bucket, a simple lever L, Fig f, is made a part 
of one of the shells S The closing line passes down around a pulley on thi 
end of the lever, and returns to a point near 0, where it is made fast The 
force C must therefore exert a closing force greater in relation to the lifting 
force, than in the case assumed above in Fig 3 Other pulleys may be 
provided near 0 and at C, and the line led back and forth until suff closing 
force, for a given lifting force, is secured 

40. A “Druxn and Shaft** arrangement, however, is more generally 
provided, as in Fig 5. The "drum ’’ indicated by the large circle at the center 
IB little more than a large pulley. Around it is wrapt and attacht the end 
of the "dosing line” C (or II Fig 7). The "shaft”, indicated by the smaller 
circle, consists in reality of a pair of small drums, one on each side of the 
large pulley, and around them are wrapt and fastend two branches of chain 
Z, the other ends of which are attacht to the frame at 0 The force C thus 
sets up in Z a much greater force than itself, and an increast closing couple 
IS set up by Z, pulling up at the shaft, and exerting at 0 a downward thrust 
equal to Z, earned out to P and P'\ this without increasing the lifting force 
(approx on.the bucket as a whole 

41. Yet such design would mean serius fouling of the shaft and drum by 
the contents of the Ducket. In practis, therefore, the shaft and drum are 
mounb^ much higher, somewhat as shown in Fig 6 (a), the bucket shells 
having heavy arms or extensions. See also Figs 7 and 8. 

42. Boeket Detaila. Figs 7 and 8 are outline sketches of the clam-shel 
and orange-peel buckets respectivly, shown open ready for gabbing a load 
Since all drMging devices must work in dirt which neccssanly increases the 
wear, all pivots and bearini^ should b<‘ made with bushings than can 
redily be removed and renewoT "The cutting edke or lip of each shell is 
generally strengthend by the addition of a stoel casting, or, preferid>ly 
manganese sieeX the better to resist the severe abrasion ”. t^imon, Dredging 
Engineering). Tooth may be attacht, but they are often used mistakenly, 
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and are seldora of use on large buckets "Teeth are of no advantage in 
handling coal, sand, gravel, crusht stone, or other bulk material of a granular 
lumpy kind " (Blaw Bucket Manual). 

43. On account of the twist of the strands of the hoisting cables, and be- 
cause there is practically no force to prevent the rotation of the bucket 
about a vert axis (which would make the hoisting wires bind on each other) , 
it is usally necessary to provide some means to prevent such twisting A 
“doraey wire’* may be used, which is simply a light line, one imd of which 
is attacht to the side of the bucket nearest the dredge, whip the other is 
past over a pulley or sheav about midlength of the boom, with a weight 
attacht, just heavy enough to prevent such twisting, but m no way interfering 
wth the other motions. Another device consists "of two long iipri&htM 
attacht rigidly to the two sides of the bucket, which extend up thru gides 
provided at the end of the boom, thru which they slide vert’y These 
uprights have the additional adv'antage of holding the bucket vert in case 
It is lowerd on an uneven bottom. 

44 In France for dredging in clay, the bucket is sometimes lined with 
wood, to which the clay les.s r(‘adily adheres, 

45. Other Types of buckets have been bilt. one like a pair of tongs, and 
another in which the closing force is supplied by coiuprest air Single-line 
bucketa are bill, requiring only one hoisting line They usually dejiend 
upon some arrangement of latches or eatehes Whi're only a single hoisting 
line is available, such an arrangement is essential; but none of those mfd 
seem to be sufficiently satisfactory in their operation to take the place of 
the two-wire arrangement where that can be had. 

Moorings. 

46. Perhaps the simplest and cheapest method of fixing the position of 
the dredge and of holding to it the scow which is to receiv the dredged niat'l. 
is that of using wire ropes, which are eontrold by aux’y engms thru capstans 
or drums on the dredge, and w'hich are made fast to nearby objects, or to 
anchors or especially driven piles On at least one dredging operation (in 
Galops R^ias, St. LawTence R, Report by W. 1. Saunders, Xllth Inter- 
national Congress of Navigation), where the current was very violent, 
cliains were used insted of wire ropes See ? 104. The use of lines for holding 
the dredge is generally unsatisfactory w'hen many other vessels must pass 
the dredge. 

47. 8pudfl SS, Fig 2, are therefore often employd Many dredges are 
equipt both with spuds and mooring lines, thus affording greater flexibility 
of operation. The spuds are simply large upnght.s. of timber or steel, 
arranged to move vert’y in wells in the dredge or in pockets on the sides. 
UsuaUy there are three or four spuds. Two of them are rigged near the 
front of the dredge, and are maintaind upright by means of a gallows frame 
spanning the entire beam of the vessel, (usually near the A-frame, and some- 
times combined with it); while the rear spud or spuds arc held alongside 
ngid or guyd posts, or el.se pass vert’y thru other framing. I’sually the spuds 
merely rest urmn the bottom, being prevented from floating up by nevy 
metal pointed shoes, which also aid in peiiotratmg the bottom, and in 
protecting the ends of the spuds. They are raisd or lowerd, usually by 
means of cables, sometimes by racks and gears, operated by special ciigins on 
the dredge The spud cables are sometimes past over sheavs at the tops of 
the spuds, or other means are used for forcing the spuds down, sometimes 
to the extent of lifting the dredge slightly from its normal floating level, 
thus making it quite rigid; but more usually the vessel is free to ride up and 
down on tne spuds, which serve merely to maintain the desired lateral 
position. 

48. To Shift the Position of the dredge when spuds are used, the bucket 

may be gript into the bottom, and all the spuds raisd but one of the forward 
two. Then, by a null on the proper bucket line, the drwige may be rotated 
about the one spud as a pivot. Then the two front spuds are made to exchang 
functions, and the dredge is advanst still further by pulling on the other 
line. The process is well referd to ae **walkin^ on the See also 

“wralking", "fleeting" or "trailing spuds." t64. 
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49. Sometimes the spuds are utilized to keep the mooring cables below 
the keels of passing vessels. In this case, shea vs are provided at the bottoms 
of the spuds, around and under which the mooring cables are past, the spuds 
acting only as brackets, and the cables doing the work of maintaining the 
p<isition of the dredge. (Patented by Osgood Dredge Co ) 

50. Dredges bilt for drainage ditches sometimes employ “bank muds*** 
which reach out at a vi'rt angle from the dredge, and penetrate the bank or 
rest in grillages set in the bank. These afford great lateral stability. 

51. In some cases (where the bank cannot be reacht) side floats have 
bi‘en provided, which greatly increas the lat’l stability These may be 
essential if tip; dredge is of narrow beam. 

52. Where the dredge can do all of its work from the bank, it may be 

mounted like the drag-line scrapers, (■i24), the caterpillar niounliug being 
now generally preferd. 

Operation. 

53. ,\fter the dredge is niade fast, a scow (^1111 is brought up along one 
hide, and made fast If on the right side, as is usual, then the “closing hne” 
IS the right-hand or starbord line H, Fig 12 (6), while the “opening line” is 
the left or port line H' The “table” sheavs CC keep these lines so deflected 
that as the tensions in them are altered, th boom swings hor’y- Thus, after 
the bucket has been lowerd to the bottom, tension is put on the rlosing line, 
which tiierefore (1) closes the bucket upon its load, (2) hoists the load, and, 
at the same time (3) swings the boom over to the right. When the boom 
(oines over the scow, the tensions m the lines are reverst, with the result 
that (4) the bucket is opend and dumps its load into the scow, and (5) the 
boom 18 swung back to its digging position Both lines are then slackt 
and the bucket so lowerd The position of the boom can be nicely controld 
by an expericnst operator, by reversing and adjusting the stresses in the 
two wires at the proper instants. 

54. The eurv of the bucket shells should not be such as to fit well iato 
their own bite, since it is likely that a suction may be establisht in soft mat 1 
which may be very hard to break Attempts to use a light bucket not 
designd for hard biting, will soon result in injury to it. If teeth are added, 
they may only bend the lips of the shels, and if the operator tries to make 
a light bucket tute by dropping it violently on to the mat’l, the bucket will 
soon be injured The remedy is cither a hevier bucket, or means for exerting 
greater closing forces, or botli. 

Slzas and Capacitiea. 

55. Some very large dredges have been bilt, one recently (1921) advertised 
having a bucket cap of 30 cu yds, the bucket alone w'eighing 40,000 lbs. 
The bucket capacities more usually range from a fraction of a cu yd up ^ 
7 or S or 10 cu yds, with wts from 4000 to 20.(K)0 lbs. On machines in 
quantity for the market, the booms are generally under 50 ft long, but 
macliines are constructed with booms from 100 to 200 ft long or longer. 

UtIUty. 

.56. In suitable mat’l (as sand, clay or mud), the grapple dredge is very 
efficient The depth to which it is able to dig is theoretically limited only 
by the length of cable which can be wound on the hoisting drums; but with 
inereast depth, the bucket cannot be counted on to settle on just that part 
of the bottom desired The bottom made by a grapple dredge is usually 
uneven, with holes and high spots A grapple dredge is generally not good 
for very haid digging, unless the masses to Be grappled with are broken. The 
dredge is useful around docks and in narrow channels, thoit cannot w'ell be 
used where there is no room for the scow' to be raancuverd alongside. The 
rlain-Mhell is most useful in soft mat’l, stiff mud i.nd sand (when not too 
fine), gravel, coal, ore, and small disconnected masses of rock of from H to 
4 or 5 tons. The oraii4e-p«*el seems especially adapted, in spite of con- 
siderable uncertainty of grasping when fur under water, to the dredging of 
boulders, blasted ledge rock, pig iron, stumps and the like — the roots ol 
stumps being cut thru on all sides by tli" 3 or 4 shells with their 6 or 8 cutting 
edges; also for excavating within caissons in foundation wrork. 
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The Dredge. 


Dipper Dredtl^ 


57. The dipper dredpie, Figs 9(a) and (6), eonsints of a vessel V, much the 
same as that of the grapple dredge, 1|30. tho even more strongly eonsirueted, 
and carrying the necessary machinery. The vessel is almost inA'anably 
oquipt with spuds SS, the forward ones being sometimes held by a frame 
(not shown) spanning the \Mdth of the \es.sel There is also an ‘'‘A”-franie 
A. tho not necessarilv with the hor “table", and this frame is often inelined, 
jis shown Over it pass guy ivires G(i which hold up the end of the boom H 
and maintain it at a fixt angle. The foot of the boom, however, is phiei'd 
at the bow and is so arranged that the boom may be swung hor’y "I'ho 
boom 18 so constructed that another member, caileq the “stick” or “ihpper 
handle” 7’ can F>ass thru it To the lower end of the stick is attacht the 
bucket K, which ha.s a flap-bottom door F engaged by a latch (not shown). 



( 6 ) 

Fib. 9. 


5S. Boilera and Enti^inN, or electric or gasoline motors, are providid for 
the vanus operations described below and also for handling spuds and oth<*r 
auxiliaries. The h«ii«tinit main line or biirket wiro fl passes from 
the drum of the rnainengiii undent sheav at the foot of the boom, thence to a 
sheav on the outi-r end of the boom, and from there dowm to the bucket 
bale. Lsualiy the line passes uinler another sheav on the bucket bale and 
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bark up to the end of the boom, where it is made fast. There may be also a 
backing chain ft with its engin or motor (not shown). In many cases 
there is a “crowding endin’* or motor D (shown only diagrammatically), 
mounted on the boom whore the stick passes thru, by means of which the 
stick may be forst to rise or fall. 

.'59. It is well to have the hoisting line wound on a “differential** drum, 
eomcally shaped, and having helical groovs, so that during the first part 
of the pull, when the resistance due to separating the load from the bottom 
is greatest, the line is wound on the small part of the drum, affording the 
engin a max of leverage, whereas, when more line is wound on the drum, 
it lies on portions of larger diam, and so makes possible higher hoisting 
speed when the resistance is less. 

ftO. The Boom ft of a dipper dredge, must be exeeptionally strong and 
well designd It consists usually of girders, deepest at the center, the better 
to resist the bending moments It is usually made in tw^o halvs, with a 
space betw, thru which the stick (see 1161) may operate, tho in some eases 
tile stick IS divided and stradilles the boom Ih operation, and especially 
where a crowding engin is used, the direct bending stresses set up at the 
middle of the boom may be <iuite largi* In addition, the rotation of the 
boom may be effecti'd by an engin driving a bull-wheel W at its heel, and 
this w'lll set up twisting stresses which may be quite serivis in ease the latoTal 
movement of the dipjier is arrested abruptly by striking the bottom or other 
object 

61. The Stick T, as stated, passes thru the boom ft, and is handled by 
the lines II and ft Usually it carries a rack which engages with gears and 
wheels at D Not only can the stick move longit’y, but it can rotate about 
the pinion at D Iri some cases these wheels are iirovidod wuh brakes only, 
and in others they are part of the ‘'crowding engin”, which can aid in the 
movements by forcing the stick up or down In gen’l, the motion produced 
IS similar to that of a man digging with a hand shovel. 

62. The Bucket K earries a cutting lip at its outer end, usually bearing 
individual detachable steel spikes or “teeth** where hard mat’l is encoun- 
terd. It is rigidly attacht to the end of the boom Its bottom consists 
entirely of a flap or trap-door F lunged at the rear. A latch is proxided for 
bolding the flap closed, and a line L passes froin the latch back to the engin- 
man who may thus open the flap The flap is so counter- weighted as to 
cans it to hang at about 45®, and the impact of striking the water, in its 
descent, is counted on for closing it. 

63. The IKi^in^ Operation, then, consists in releasing the hoisting line 
11 and the elutimes or crowding engin at D, thus permitting the bucket to 
descend (the flap being closed by the water surface) while the backing chain 
ft is pulled so as to draw the bucket to the rear. When the bucket reaches 
tlie bottom, the clutches at D are closed, and the hoisting engin is operated, 
with the result that the buck<>t makes a cut along the bottom. The hoisting 
is continued (clutches releast) and the bucket is bauld out of the water. The 
boom is swung hor’y either by two operating lines as is customary with 
grapple dredges, or by means of a bull-wheel W at the base of the boom, 
until the bucket is over a scow which has been brought up alongside, or 
over a hank or other available point at which it may be desired to deposit 
the mat’l. The latch is then drawn, the flap opens, and the contents drop 
out If the mat'I sticks badly in the bucket, the operator may use his 
crowding engin to jerk the stick back and forth (while in nearly hor position) 
tlms slapping the flap violently against the bottom edges of the sides, and 
helping to jar the mat’l loose. The boom is then swung back, and another 
cut is started, as above. 

64. For dipper dredges, moorings may be substantially the same as for 
grapple dredges, except that mooring lines are rarely if ever used, and the 
forward Mpuda are especially strong to resist the high and erratic digging 
stresses. The rear spud stands in a slotted well to provide motion fore 
and aft, and is called the *Svalkiiift**, **fleetixi^** or **traiUi4k spud**. 
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®5* To Shift the PoMtion of the dredge, the bucket is lowerd on to the 
bottom, the forward spuda are releast, and then the barking chain is pulled; 
the dredge moving ahead and the rear spud tilting in its slotted well. The 
forward spuds are then set down again, and the rear spud raisd and advunst 
for the next "step”. 

66. ScowH may be Handled by the dipper, the spuds remaining down, 
and the dipper resting on the scow' and moving it about bv means of the 
bull-wheel and crowding engin, or hoisting and backing lines. 

Sizes, Capacities, etc. 

67. The bucket capacities generally used are from 1 to 5 cii yds Larger 
sises are not unusual, while the famus dipper dredges of the Panama Canal 
had a cap of 15 cu yds in mud or 10 in rock The following hgures will 
afford a fair idea of the extremes. 


HuU 

Length, ft 

Width, ft 

Depth, ft 

Draft, ft 

Digging depth, ft 

Dipper capacity, cu yds. 


144 40 

44 IH 

13H 41^ 

S 

50 9 

15 H 


68. Speed. In medium sized machines, the dipper can make one cut in 
from about \4 to 1 min during steady working (not allowing for waits for 
scows, repairs, etc ) 


69. Utihty. On account of its ability to maneuver itself and its scows 
without lines, the dipper dredge is especially useful in confined spaces, around 
docks, and in narrow channels By its ability to force the bucket into the 
bottom, it 18 especially capable in hard mat’Is. for the removal of boulders 
or rock that has been broken up (as by blasting), and for tearing out mis- 
cellaneus obstructions, as piles, old cribs, wrecks or foundations. It can 
“cut its own flotation” ahed of it, thus digging a new' channel where none 
existed. On account of the poor leverage, however, it is not available for 
as great depths as the grapple or hydr dr^ges but it can level off the bottom 
very much more accurately than the grapple dredge. 


CoxitinuuR Bucket, Elevator or Ladder Dredjles 

70. Three Typea of “ladder” or continuus bucket dredge are in gen’l 
use, referd to as (1) the “Stationary”, (2) the “Barfte 1.4>adinft**, and (3) 
Hopper” dredge. 


71. The Veaael or Hull is different for each of these The “stationary ” 
dredge has ft hull similar to those of the napple and dipper dredges; but 
the other two (2) and (8), are bilt with molded hulls to minimize resistance, 
and are equipt with propelling engins The “barge-loading” dredge (2) 
depends upon barges or scows to r^'ceiv the mat’l it excavates, while the 
“sea-going” dredge, (3), Fig 10, is bilt with self-containd hoppers ////, since 
it 18 intended for use in open waters, where there would be serius pounding of 
any aux’y craft alongside. 


71 A notch or elon^atod JT is formd down thru the bow or 
near the middle of the vessel to recei v the “ladder" L and the chain of buckets 
BBB, tho in some “stationary” dredges, two ladders arc employd, one on 
each side, outside the hull. 


72. LadMbr” L is a long frame, pivoted at its upper end P, while the 
lower end is held at the desired elev'n by a line N operated by a winch C. 
At each end of the ladder is a large tumbler or drum, and rollers are pro- 
vided along the upper side of the ladder. 
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73. The Buckets BBB are carried on an endless chain over the drums 
and rollers, hanging freely from the under side. The chain of buckets is 
operated by a special engin or motor (only the main wheel E of which is 
shown) engaging with the shaft of the upper drum. Each bucket is pro- 
vided with a reinforst cutting lip, or with teeth. 

74. Operation. As may be seen, each bucket, in turn, cuts some mat’l 
from the bottom. Then, as the bucket revolve, the mat’l is caught up, and 
IS then earned to the top of the ladder, where it is dumpt out as the bucket 
turns ov(‘r The bucket then descends (inverted) back along the lower side 
of the ladder As the cutting progresses, the dredge is advanst by its own 
engine, or is swung as in ^77. 






Pig. 10 (b) 

75. The DiapoMil of the Material is different in diff types of dredges, 
and again, with diff kinds of mat’ls. In the sta'y barge-loading dredge, suit- 
able chutes are provided to pass the mat’l over the edge of the vessd into a 
scow made fast at the side (Where ladders are placed on each side of the 
vessel, the niat’l may fail directly into the scows). In the hopper dredge, 
Fig 10, the raat’l is dropt into the hoppers H, and the dredge travels to a 
suitable dumping ground, where the bottoms of the hoppers are opend and 
the mat'l is aeposited. When desirable to separate diff kinds of mat’l, as 
in digging for gold, or where the bottom consists of rock and finer mat’l to 
be sorted, rotary screens or separating devices of one kind or another are 
]ntro<luced betw the top of the ladder and the chutes or hoppers. These, 
not being str.ctly dredging devices, are not treated here. In some cases^tbe 
mat’l can be oonvevd hydraulically thru long pipes, as in hydr dredging (see 
1189, etc) lusted of depending upon scows. (Simon, "Dredging Engineering”), 

76. The Kniftins or Motors for such dredges may be of any suitable tyw, 
but on account of the complete balancing of the moving parts, and the rela- 
tivly stedy cutting forces, except when encountering markt irregularities ol 
the bottom, and the nearly uniform loads to be lifted, steam engins may b< 
operated expansivly if the bottom is soft and uniform, while these conditioni 
invite also the use of electric and possibly gasoline motors. 

77. Mooring The so-called "stationary” dredges are usually held ii 
place by means of a half dozen lines, operated by winches on the vessel 
several lines or a roar spud controlling the advance of the vessd. whih 
several other lines cause the dredge to swing from side to side with a ra^a 
movement as the cutting progresses. 
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Sixes, Capacities, etc. 

78. The following figures are intended to give approx values of the usual 
extremes or averages. 

Hull, length, ft 130* to 275*; 
width, ft 36 to 56, 

depth, ft, 1.") to 20 +. 

Draft, ft, up to 12 

Digging depth, ft, 30 to 60. 

Buckets, 

cap each, cu ft, 5 to ,50; mimbcr on ladder, 42 to 70; 
speed, ft ^min, 4,5 to SO; numher per min, 10 to .30 
Hopper capacity (sea-goingi, toius. .500* to 22fK)* • 

Digging capacity, cu y<ls per day, SO(M) to 2S,000. 

Speed of vessel (sea-goiiig), mi/hr, 6 to 8 or 10. 

Utility. 

79. If Sand and Gravel .are not too fine, the continuus bucket dredge can 
handle them well: also rather hard mat’ls, as indurated clayN, NlialeH, and 
even H«ft or broken rock and h.ard-pan, e.‘»pecially whi're the* deplli is too 
great for a dipper It can cut its own flotation It is es]>ecially \iiluable 
w'here the disturbance of the bottom would be senus On this account, 
perhaps, its greatest use in this country is in: 

80. Gold Dred^inii. Neither grapple nor dipper dredges ean clean the 
bed rooks next wTiich gold is u.suallv found, and either will permit the 
dredged niat’l to leak senusly thru the cracks in the bottom, while hydr 
dredges cannot create suff sui-tion to gather up the lieavy gold along with 
the sand. The continuus deliverj of the “ladder” dredge lends its(‘lf also 
to the smooth and continuus operation of s» parating device's Gold digging 
operations are usually Hufficicntli c\t* ii.Hiv to warrant the large invest rin nt 
needed. 

Hydraulic I>re<l|^eK 

81. Two main Type« of hydr or suction dredge mav be recognized, tAl 
Figs 11(a) and (6), that in which tin' dredged niat’l is dispo,se(l of by nieurn 
of a hydr pijH-Jiiie, constituting a dredge of the "stationarv ” tyjic, wsiiallv 
designated as a “ pipe-lin<‘’’ dredge, and sornetiiiies as a dri'dgc of the "river 
type” (Striu.ji’u "Dredging Engineering”),. or (B). ^!fi3, the drt'ilgo may be 
of the “sca-guHig hopper" type 

(A). “Stationary”, Pipe-line or River type Dredije. 

82. The vewHel or tiiill V Figs 11. is of the coinmon rectangular form, 
(housing not shown), lint it need not be .so .strong us otlu'r kinds of dredge.s, 
for there are practically no digging stresses, except those produced by the 
cutter, f 86. 

83. The dred&ind machinery eonsi-sts of a suction pipe S, Figs II, 
mounted on a “ladder”* At the lower end of the suction pif>e and ladder is 
usually a “cutter” C, Th6. which Bcrvs to break up the nmt'l to be dredged. 
The dredged mat’l and accompanying water are drawn up thru the suction 
pipe by means of a centrifugal punip P, which creates the suction and sends 
the accumulation thru a delivery or discharge pipe-bne, D. 

84. The “ladder”! The upper end of the ladder is pivoted at the front 
of the dredge, while the lower end is held at the desired eh'vation bv means 
of a line L passing over an inclined A-frame A, which is back-guyd by other 
frames and wires W. 

85. The suction pipe S usuallv lies within the ladder, and at its upper 
end, at F, is provided with hail-and-socket joint, which connects it wnth the 
pipe leading to the pump P, thus permitting vert, and in some cases, hor 
movement. 


* From Simon's "Dredging Engineering." 

t Tbo such ladders are unlike those familiarly known, yet the rsme 
"ladder," for this arm or boom, seems to be entirely usual. Care ehoutd oe 
taken, also, not to confuse this with the so-called "ladder" dredeeSi wfaiob 
we have usually reford to as "continuus bucket" dredges. 
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86. The cutter C, Fig 11(c), is often used on “stationary” dredges It 
IS generally of approx barrel, conical or paraboloidal form, and consists of an 
aggregation of cutting edges or blades. In clayey ground, the mat 1 is 
likely to stick and clog the cutter unless the openings betw the blades are 
anijile The cutter is mounted on a shaft coincident with its axis, and the 
shaft IS usually just above the opening of the suction pipe S, and extends 
back along the ladder L to the gears whir-h connect it with its engin (see end 
of this paragraf). The diam of the cutter is about twi<!e that of the pipe. 
As the < utter is rotatinl, its lower half, extending somewhat below the end 



Fiff. 11 (a) 


M (Housing not shown) 



Fig. 11 (c) 


of tlH‘ suction pipe, cuts out the ground. The ground, along with suff y large 

0 luui.tnJ of 18 then suckt in thru the cuttej, and on into the suction 

1 uuiitn s oT wau . ^ of trees or piles, may be encounterd, 

fhm is danger o daS^^^^ ^ the object works its way thru the cutter 

ind into Uie pipe, it comes in position to be sheard off Instcd, howevCT. 
e< me part of tL machinery may be broken, unless the parte are amply 
strong to stall the engin. Screens are frequently inserted, either on the 
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rear of the cutter itself, or at the outer end of the suction-pipe The en^in 
or motor for drivinR the cutter is of course niounti'd far enough back on the 
boom to be out of water, or it may be on the dredge itself and operate thru gears. 

87. The Pump P is invariably of the centnfugal type, as nothing else 
will handle the dirt and rocks and other objects that may have to be dredged. 
The rotating impellor is usually of the “closed” type, t e , with face plates 
on the inner sides, which can redily be renew'd, and can lake the wear that 
would otherwise come on the pump casing itself. Some claim that the 
impellor blades may slope either forward or backward, (Trans Am Soc C E, 
1904, LIV, Part C, p 505), or that the inner half of each altiTiiate blade may 
be cut out entirely (Eng N-R, ’20 Jul 22, pp 166-170) in order to permit of 
the free passage of large bodies, as rocks and stumiia, without greatly reduc- 
ing the eflBc’y of the pump While there has been much discussion on this 

E oint, ideally high efficiency of the pump while running may perhaps well 
e considerably sacrificed, if, by so doing, we can greatly reduce the time 
lost standing idle due to clogging and break-downs 

88. The En^in is usually triple-expansion condensing. Electric motors 
are coming largely into use. 

89. The IKschar^e Pipe>line D, Figs 11(a) and (b), is usually laid along 
the dredge to the rear, niaKing as few turns as possible. It is well to provide 
a check-valv or other device, to prevent flooding the vessel in case of break- 
age of the piiie In any case, this pipe should be exceptionally strong From 
the rear, it is carried over the water on floating pontoona NN of .some 
available type, placed at intervals, while flexible joints of one form or 
another are provided, suff to permit a considerable amount of wave action 
vert’y, and movement of the vessel laterally and fore-and-aft This section 
^ pipe need not have so high a factor of safety. The pipe terminates where 
the dredged mat'l may be disposed of Pro\u8ion must be made for 
impounain^ the mat’l, so that the solids will settle and remain in place 
while the water flows off. Where the discharge line must be so long as to 
result in inefficient operation of the pump on the vessel, one or more "booster” 
or “relay” pumps may be inserted in the pipe-line. 

90. Maneuvering. (1) The vessel may be held rigidly in position by 
spuds, t47, while the lower end of the suction pipe is swung hor’y over the 
bottom about a pivot at its upper end The vessel is then advanst, prefer- 
ably by means oi a “walking spud”, 564, at the rear, while the two forward 
spuds are raisd; after which the swing of the suction is repeated (2) 
Usually, the ladder is flxt, and two spuds 55 are provided at the rear, as 
shown in Fig. 11 (6), so spaced that by lifting and letting down first one and 
then the other, the dredge may be swung as a whole from side to side by 
means of mooring lines M M, at the same time advancing suff’y for the next cut . 

91. Operation of hydr dredges is comparativly simple, practically ail 
movements, etc, being under the control of only one man The eff’y, how- 
ever, depends chiefly upon his skilful handling. If the suction pipe is not 
fed into the cut rapidly enough, power will be wasted in pumping w'ater 
with too little solid niat'l. If, on the other hand, too great a cut is attempted, 
or if the cutter-head is not appropriate to the work, or if water-jets (^594) 
are used too sparingly, clogging may result, cither at the entrance, or, more 
seriusly, in the delivery pipe. The action cannot, of course, be seen by the 
operator, but he learns of conditions thru the indications of pres and vac 
gages connected with the suction and delivery pipes, and by the beha\nor of 
the cutter. The delivery pipe, if long, and if terminating on land, necessi- 
tating continual attention for shifting, may require a larger crew' than the 
dredge itself. 

92. Utility. The bydr dredge is largely and effectivly used in handling 
sand, silt, mud and clays, in open water, on ocean bars, and in channel niaint, 
as in cleaning out old canals, and as used on the Mississippi R To some 
extent, CTavel and small stones may be dredged with tlie aid of a cutter, 
and, with a large machine, even stumps, large rocks and other debris may be 
removed directly, tho large stumps may have to be undermined and then 
lifted out in some other way. The pipe-line and mooring lines may offer 
considerable obstruction to navigation. 
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(B). Sea-iloln^ Hopper l>redi^e. 

93. This dreclgp is similar in many ways to the pipe-line dredge. The fol- 
lowing diffs may be rioted. 

94. The VewMsl of this dredge is bilt with molded hull, and contains its 
own marine propelling engins The dredging machinery is similar, but the 
oriiiN or “draii-liead” at the lower end of the suction pipe is usually flared 
lati'rally to form a long slot, open part dowm, sometimes with one edge 
exti'iided to act as a cutting edge or scoop, and may be from 5 to 20 ft long 
and approx 1 ft wide This orifis, placed at rt-anglcs to the length of the 
vessel, drags over the bottom as the vessel moves along, acting much like a 
household vacuum cleaner, except that water insted of air is the medium 
for carrv ing the dirt, and the dirt is subsequently separated by sedimentation 
insted of being filtered out Water jeta are often used at the orifis, arranged 
so as to break up the mat’l to be excavated, and to put it into better condi- 
tion for being suckt up. No ladder is used, the pipe being its own arm. If 
one pipe is used, a well is cut thru the hold, but it is usual to employ two 
pipes, one on each side of tlie vessel, outside the hull. The pnrap and 
eni^ln are much the same as in the lupe-line dreilge, except that where two 
pipes are us<*d. the centnf pump may be a double one, with the advantage 
of balanst hydr thrusts. No discharge pipe line is used, the water and 
dredged rriat’l being deliverd into hoppera bilt into the hull, as in the con- 
tinuus bucket sea-going hopper dredge, 71 and 7o, provision being made 
for draining off the water Maneuvering consists merely in steaming 
along slowly while the lower ends or drag-heads of the suction pipes drag 
over the bottom, and the movements are repeated, m approx paralel courses, 
as may be nec’y- 0|»eration, so far as control of suction and cutting are 
concernd, is much the same as with the pipe-hne dredge (1182). Utility. 
The advantages are, freedom in navigation, no exceptional obstruction to 
other ves.Hels, sea-going ability, and lack of mpf*-line. The chief disadvan- 
tage lies III the necessity for stopping when the hoppers are full, and travel- 
ing to a suitable dumping ground and returning. 

Sizes, t^apacifiea, etc. 

93. Where two figures arc given, they are for usual min and max; while 
three figs denote usual min, av and max respectivly. 


Hull, length, ft 

width, ft 

Digging depth, ft 

Ladders, length, ft 

Pump, pipe diam, ins 

runners, diam, iris. . . 
Vel ill pipe line, ft/sec . . 
Pumping cap, cu yds/day. 

% of solids pumpt 

Horse-power 

Hopper cap, cu yds 

Hpeed of vessel, nii/hr. . . . 
Cost of dredge 


“Stationary” 

General 

"Sea- 

going 

hopper 

.. 70 - 200 
. . 20- 44 

15-50 

45-85 

140 - 460 
30- 60 


12, 20. 48 

46 - 96 



10-18 

5.000 - 50,000* 



5* 25* 40 
up to 5000 

300 - 3000t 
6- 10 


1100,000 - 1400,000 



Sub«Aqueuf) Rock Excavation 

Methods; 

96. Where rock is loose or quite soft, it may be dredged directly, as by 
dipper or eontinuus bucket dredges. But where it is hard, it must first be 
broKen, either by roek-breaking machines or by blasting, and then dredged. 


* Dredges " Delta” and “J. Israel Tarte". 
t From Simon's “Dredging Engineering”. 
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Rock* Breakinjly Hammerinil, CtiUlni or CIuM»linii Marliines. 

97. The l.obiiitz type of breTaker ia similar to a piIeHlrii .t, uikI rotisists 
of a barge eanving nuichinerj' for operating a inahMV ratu, which ts 
repeatedly raisif and dropt on to the roek beneinh, whicJi la (hus shatterd 
more or less The ram is from 30 to (iO ft long, and uj) to 2 ft or more in 
-diam. Together with the special shoe on its hmer end. it nia\ weigh from 
3 to IS or 20 tons or more, tho the lighter rains are now seldom used, and 
rams of over lo tons are exceptional Tin* ram is dropt thru a ht of from 3 
to l.i ft. depending largely upon tin results obtaiiul, and at fnameiieies of 
from 2 to is drops per imn. 4 to 12 being ii.sual 1 he nn k in:i\ shatter to a 
depth of from 1 to 6 ft, depending upon its nature Vuilmrilies do not 
reeommend thac rook-breakers attempt to break u(i a la\er more tlniu 2 ft 
thick at one time, tho oiierations are fre(iuentl\ foist douu thru 3 ft (For 
greater depths of excavation, rather than stop, dredge ami break again over 
the same area, drilling and blasting is recoiumended and usuallv n'sorted to). 
After shattering the rock at one point, the barge i.s shifted trorn 3 to !> ft 
either ahead or laterally, and the oi>eration i.s rejieated, .at tacking the rock 
on the corners of a ohccker-bor<l jiattern r.suailv, tO to 30 blous suffice 
at each point, tho some rocks ha\e yielded under 2, while others have 
required over .>() blows The resulting roek-breakage Mia\ amount to 
from 150 to 300 or more cii yd.s per day (of 21 hrs). 'I'he life of the point 
of the ram may be from 10(),(XM) to oOO.tKK) blows, and i.s lengthened by 
ha\ing the point hardened at its core, so that a.s the ram wears, it will always 
remain fairly sharp. 

98. The Submarine Co has patented a roek-entter in which the ram ia 
surrounded by a nietal easing, extending down to the rock surface, from 
which the water is kept expeld by eonijirest air. and the jioint or ehisel is 
separate from the body of the hammer, and reniains upon the rock It is 
claimd that the resistance which water offers to an exposed ram is so serins 
as to make this machine exceptionally effectiv. 

99. Care must be taken to prevent the cable to which the ram is attacbt, 
from slacking down after the ram strikes bottom, a.s the cable is likely to 
kink, and to be injured or to break when again puld taut. 

100. If the bottom idopeM much and is very hard, rock breakers are 
difficult to operate, for the ram rcceivs a severe hor reaction, and the mount- 
ing and barge are senusly rackt if the lateral movement is restramd. 

Blastixift. 

101. Unronfined Explondva, merely laid on tho surf of the rocks and 
there exploded, have been used with some success on soft rocks A second 
charfEe over the same spot may do fairlv effiou-nl work, but the resulting 
debns acts as a cushion for any further charges, and should be cleard aw'ay 
before proceeding. 

102. Drilling and Blasting is the usual nietho<l of breaking rock under 
water. A barge or arow is used, HO to 130 ft long. 30 to 4.5 ft wide, and 7 
or 8 ft deep, with a draft of about 4 ft It must be solidly bilt to withstand 
the shocks of the blasts Tsuallv it lias a strong apiid at each <*ornor. oper- 
ated by power, so that the barge may be lifted from its normal flotation, 
thus practically standing on the bottom. 

103. Some half dozen drilla may be mounted on the barge, with a apacing 
of 6 or 8 ft, being either of the usual “drop” or “ percussion” t>pe, but 
exceptionally massiv and oowerful, and delivering abt 250 strokes per min. 
While the mountings of the drills do not seem to have been standardized, 
yet in gen’I the drills are mounted on toweix or rolumm and either over- 
reach the side of the vessel or operate <lown thru wells Provision is made 
tor raising and lowering the drills either by sliding on the towers, or by 
mounting each drill on a eolum or **drill Hpiid*\ whieh ran be raisd or 
lowerd as a whole, while alongside the eoltini are carried Jong gide pipes or 
tubes, inside which the dnJl ojierates. The pipes ami drill spud extend 
down to the rock, and serv to stedv the* drill rod, to relocate the hole when 
changing drills, and to reduce the inflow of soft mat’l. The towers, eoliims, 
or drill spiuls, are usually so arranged that they ran be moved laterally, 
to adjust their 8|>aeing us desired The bitw are from 2‘<j to 3!-^ ini in diam. 

3 or more being more usual. The depth of hole is abt ef|ual to the 
spacing betw holes, but should eventually extend sev’l ft below the level to 
be attaind, to allow for irregular breakage. • 
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IW. Blantin^ ifl accomplisht by 60 to 75% dynamite, in aticka 2 to 2H 
,tiN dtant. tam]jt in place from the dniJ boat. The drUi beat if then 
inovcfd ui)t fA) ft av v . and the charge exploded electrically. The boat ia 
th* n roturnd and eturis a new row of holes a diet ahead abt equal to the lat'l 
fpiuing cmployd. One of the moat notable pieces of work was that done 
HI the Galop** Kaplda of the St Lawrence It, with a turbulent current of 
s to 11? nil /hr. The drill boat carried four 5" drills. It was held in place by 
four l-'i" X 20" power-eontrold spuds, with the aid of five 1^" chains which 
were used also for itiatieuvenng, and which, on account of their wt and 
h!iR, prevented the development of sudden severe stresses. 75,000 cu yds of 
rtiek were excavated; av cut 6 5 ft; 1 1/3 lbs of 75% dynamite per cu yd. 

I he blasted rock whs removed by a dipper dredge, similarly equipt with 
f.|)\ids and chains 

105. UnderniininiH, Mining* <*r Honeyrombin^, has been employd 
litre .and there in large operations, such as the renioval of Flood Rock, 
l^ast U, New York The area to be excavated is first enclosed, as by coffer- 
ilmiiM and pumpt out (unless part of the rock is above water level, when 
the work iua> b(‘ started from dry rock), after which shafts and drifts and 
t.n n'lH are drild and blasted out, and then loaded with dynamite and pre- 
ptired for electro' liring The area may then be flooded and blasted, often 
III ii h'ligle blast 

10.5 ‘ ' 2 * BellN ha\e been used occasionally on email operations. 

100. \fter bri'ukimr up the rock bv anv of the methods giveti above, it 
be removed Dipper or eontiiauis bucket dredges are visually employd 
foj tins wvjfk. as in .'>7 etc and 70 etc. 

MiHcellaiteouH Dredge** 

107. /“rnivcrMal** or C<»niblnafion dredges have sometimes been used, 
cmsisting merely of several kinds of dredging machines assembled together 
ot) the surne vessel, ami are prob seldom advisable unless there is in prospect 
an umiHiially large amount of work for which such a combination W’ould 
bf of servis * 

lOH. **Hydraulic GiantM** may sometimes be employd to advantage to 
break down a bunk in advance of the regular dredge on whieh they may be 
mounted A hydr giant consists of a large noxrle which may be aimd as 
desird, and supplied with water at very high pres thru piping, by means of a 
jiowerful centrifugal pump. 

109. Pneumatic dredges have been tried, but apparently without success. 

110. A “Stone lifter” was used by the Canadian Gov’t on the St. 
Lawrence It, consisting of a grab with tongs, operating thru a well in the 
eentiT of the vessel, bi'iiig capable of lifting boulders of 50 tons each. 
(Prelim, "Dredges and Dredging”) 

TRANSPORTATION OF MATERIALS 
ScowH or Bai^efi 

111. The vessels used for carrying the material from the dredge should 
be very strong, to withstand the’slioeks of loads of dirt dunipt into them, 
and probable rough treatment in maneuvering They are usually merely 
rectangular barges Within, however, are false sloping sides, which lead 
the mat’l dow'ti to the hoppers in the center of the bottoin, and which, 
together with the vert outside walls of the vessel, form an air space which 
supiihes most of the bwovaney. The hopper doors, when opend, should not 
extend below the bottom of the scow, as they mav strike ground. They are 
usually operatevl by ehams working over winches on frame-work above. 
'J’he scows, if they are to carry economical loads, may be of considerably 
greater drnft than that of the dredge, so that it is s'^metimes necessary to 
maintain a channel of extra depth, in advance, to accommodate them, 

112. IKHerant Matoriala niay make trouble for scows in varius ways, 
i^and and silt, deposited from a hydr suction dredge, may not settle rapidly 
♦ nough, and mucli may be lost overboard with the water. Clay often 
sticks when the hoppers are upend, and may have to be washt out. Gravel 
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S lveB pcrhapB the leaet trouble of any. Large rocks, of course, even when 
epoaited carefully, hammer the scows senusly, and shorten their lives. 

113< Chutes, Shoots or Slides of varius kinds arc often employ'd as 
means toward final disposal. Wet clay will slide on a chute inclined at 
l-on-5 to l-on-3; but wet sand will not;move on l-oii-2 without water or push- 
ing; and the usual slo^ is l-on-1.5 to l-on-2.2, or l-on-1.8 to l-on-2. How- 
ever, Prelim, in his “Dredges and Dredging”, quotes from 1-on-lO for soft 
mud, to l-on-25 for fine sand and w-atcr, perhaps ^\'ith ample lubnrutioa 
by water. 

POWER 

114. Steam is the most usual power for dredges, tho apparently unable 
to give anything like oontinuus servi.s Steam dredges are l•u8tom:lnly 
shut down for a day caeh week on the Missi.s.sip|)i nr other rivers where the 
water is bad. A condensing plant an<l extra boiler may be necessari' 

ll.'L Oil engins are coming into considerably greater use. They have 
from 2 to fi cyls, with H-P around 100 The u.se of frirtion riutrli«w is 
important to prevent stalling or injury by unexpected overloads Drag-line 
excavators on the drainage works of the Hio Grande irrigation project (Kiig 
N-R, ’19 Sep IS) operated with fuel costs of from $0 011 to S0.022 per cu yd 
of mat’l excavated. 

116. Eleotrilcity, where readily available, is rlaimd to have many advan- 
lAges; — lower first cost, no boilers on dredge (making smaller hull possible) 
110 coal to transport, control simple and good, and more nearly continuus 
operation than steam. Tho practis is not defiintly crystalixed, it is cus- 
tomary to carry the current from the land to the dredge at 2200 volts, by 
means of a c»ble designd for much higher voltage to protect it against 
abrsision, etc. Sometimes the cable is laid in the water on the bottom, but 
often it is carried over the water on pontoons, utilizing the pontooiu of the 
discharge pipe if there is one; or the cable may be floated by buoyant sheath- 
ing. Where there may be lightmng, thoro protection against it is advisable 
'rfie motors are either 2200-volt, operating directly from the cable, or if of 
less voltage, a transformer is instald on the dredge. Moior.s arc used of 
from 50 to 800 HP or more, and run from abt 1100 to 300 revs/uun. 

SUR^TYS AND COMPUTATIONS ♦ 

117. Ordinarily, a cross-section of a body of water to be dredged, will 
correspond broadly to Fig 12, in which NFABEM is the bottom. Usually 
all that will be needed for passage of vessels will be an enlarged cross-section 
such as ABCD. (See also 1113 in regard to “squatting” ) But if the approx 
triangles FAD and BEC are not excavated also, thev may sooner or later 
fall into the area ABCD, and reduce its depth. These aide alop«a, FD 
and EC, will range from l-on-3 to l-on-5; under docks, l-on-2 to l-on-4: 
while river silt may flow out almost flat. Furthermore, it is impossible for 
any kind of dredge to excavate to precisely the plane FDCE desired, but 
must excavate somewhat below it to insure that all mat’l above has 
been removed. This will result in a somewhat irregular bottom, as 
NfghijklmM, which should he nowhere above FDCE. Inasmuch as an 
operator might prefer to dig out large chunks to much greater depths than 
called for, so as to be paid for this excessiv removal of mat’l, it is customary 
to specify a still lower level, NLGM, a given vert dist below the reqd depth 
FDcE. This is known as “overdepth**, and onlv that mat’l is to be 

{ >aid for which lay above the irregular line Nfghi, the straight line ik, the 
rregular curv klm, and the straight line mAf, is to be paid for; ik and mM 
illustrating instances in w'hich the overdepth was exceeded in the actual 
dredging. The overdepth is usually taken as 2 ft for grapple and dipper 
dredges, and as 1 ft for continuus bucket and hydr dredges. 

118. Soondin^ are made usually both before and after the dredging, and 
in front of and to the rear of the dredge, as it proceeds, by any of tho usual 
methods. Thus, there is establisht the topografy of (1) the original bottom, 
represented by NFABEM, in the section shown in Fig 12, and (2) the 
excavated bottom, represented by the irregular line NfghijklmM. The 
soundings taken in advance show whether the depths are sun for flotation 


♦Nearly all of the information in (his portion of this article, 111117 to 
131, baa been deduced from Mr. F. Lester Simon’s “Dredging Engineering”. 
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of the BcowB. Owing to the great cost of roek excavation, survws for it 
uliould be made with exceptional care, and wire aweepa shimld be cm- 
l>loyd after excavating, to make sure that no points remain above grade. 

Place Meaaiuement 

119. Computationa of volame excavated betw the irregular surfs rep- 
resented by SFABEM and NfgktjklmM, may be made by any one or 
Tuore of the following methods Averaging end areaa is largely used for 
long narrow areas, as channels The Pnamoidal formula, as employd in 
JtU eartl work computations, is also used. In the contour-planimeter 
ijicthixl, iontour«< are plotted from the soundings obtaind, and a plammeter 
traced over them in order to obtain the areas, and from these the vols, 
assuming that the vol is composed of flat slabs w^th thicknesses equal to the 
vert intervals betw contours, and with vert edges co-inciding with the 
contours. Either this or the following is well adapted to large irregular 
areas Sciuare Mection or “unit” method, in which the vol excavated 
IS conceivd as composed of vert square prisms, each pnsm containing one 
sounding, or a group of soundings. 



119a. lTnrertaint>' in place measurements may arise becaus mat'l from 
districts outside the dredged area may drift back in while the work is going 
on, thus giving the contractor more mat'l to excav’ate thab would be indi- 
< ated bj' the two place measurements. Prelini ("Dredges and DreeWng”) 
believB tins never exceeds 10% of the entire amount excavated. On the 
other hand, the now excavated channel, if appropriately located, may result 
in a scour which would help the contractor. For such reuons scow meas- 
umuents are usually made where practicable, in addition to the place 
iiieusurements. 


Scow Measurement 


II9b. By Volume. For this purpose, the internal vol of the scow (or 
hoppers, on sen-going dredges) is asciTtnind, and if the mat 1 is at any time 
piled up above the upper IcvtI of the scow, tiie v'ol of such pile must be 
computed or closely estimated (say by cross-eectiomng, as in RR work). 


119c. Bv Weight. Or, by computing the external vol of the scow, ite 
displacements may be ascertaind for given supposed added loads, so that by 
ineasuniig the amount by which the scow is deprest by the added load of 
excavated mat'l, the wt of that mat’l can be found, (provided the watCT 
density can be made sure of, which may not be practicable in tidal estuanes). 
It would still remain, however, to translate the w't into •vol, w'hich OM w 
course be done by weighing and measuring the contents of an evenly filled 
dipper, for example. 


120. Uncertainty due to Increaa In Bulk will still exist, however, 
becaus practically all mat’ls, after being excavated, will not settle back 
as small a space as they occupiinl and the mcreM in bulk w by 

no means the same for all mat’ls. The mcreas to be allowd sho^d ^ 
establisht in the contract. H may usually be taken as betw 5 and 30%, tho 
usually betw 15 and 26. For a heavy mixture of mud and sand, it may 
be taken as 16 or 17% (an increas of 1/6), fine runniM sand or siU, lew than 
this, and mud or clay more when stiff -enougb to hold its voids. Prelim 
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("Dredges and Dredging”) states that in the Ambrose channel, New York 
harbor, the increas was found to be 22%, and recommends that 30% be 
allowd 

]20a. Probinita or Boiinils may be desirable or necessary, to ascertain 
in advance the cnaracter of the mat’l to be excavated. Probin^H consist 
in th(' driving of pojnted rods into the bottom, and so “feeling” the cliaraeter 
of the niat’l. Borings may be either core or wash borings, and aim to bnng 
reliable samples of the mat’l to the surf Core borings may b(‘ obtaind 
either by driving an open pine into the bottom and then removing it with 
the mat'l adhering inside, or by means of a wood auger operating within the 
pipe Or a larger pipe may be first driven into the bottom, piimpt out, and 
then a smaller pipe forst down inside and then removed, thus obtaining 
samples nearly dry and undisturbd ff'osA borings* are usually made by 
operating a hollow drill w'ithm a pipe, water being forst down thru the hole 
in the drill, with the result that at least the lighter portions of the borings 
of the drill are washt up to the surf, but the results arc likely to be misleading 

Mlftwelianeus 

121. Ran^e tar^eta will he needed (unless the channel is quite narrow) 
to guide the dredge on its projior course Range targets are usually cslab- 
lisht and mairitaind by the engineers of the party emplojing the dredge 
The locations of the targets should be laid out on the map Where pos- 
sible, the targets should be on the shore, or maintaind on piles spinaally 
driven, since anchord targets can hardly be held near enough to correct 
positions. Each range is indicated by two targets, one a considerable dist 
behind and at a slightly higher elevation than the other; and for each 
range a diff character of target should be employd, as sipiare, round, oblong, 
triangular, etc, while further diffs can be had by varying the colors If the 
dredge is to work at night, lights must be used at the targids The dircr- 
tiona of the ranges should usually be paralel to the current, as this gives 
the greatest ease, in placing and holding the dredge where desired The 
width of cut for diff dri'dges is given as follows 

Grapple, 50 to 60 ft. Hydraulic, 40 to 50 ft, 

Ilijiper, 20 to 60 ft, “ stern spud piv’ot, 150 to 200 ft 

123. Tide Ga&es will be needed, unless the depth of water remains 
pract’y constant to enable the operator to adjii.*»t the depth of cut, as tfu* 
stage changes, and should be set up and painted boldly, so tlial lie can sec 
them readily. 

123. Cuirent Drift may have to be determind to assist in proper loca- 
tion ot a channel, or for other reasons, and may be ascertaind by any of the 
usual float methods. 

Rec.ord»u 

12i. Maps should of course be prepared, showing the soundings, anil 
kept uj) to date, to show progress of the work 

125. Material Removed by Scown or Hoppers (except for hydr pifie- 
fine dredges), and other information that mii.v protuis to be of value, should 
be recorded. 

126. Time recjorda should be kept of all operations, and subsequently 
classified or "distributed” m order to learn where wastes oecur, and to 
otherwise supervise and adjust the inethoils of working (See *11154 etc. 
Percentages of time spent in dredging operations) 

127. Coat Eatimatea. See also *'^135 The elements that may be 
ne^ed for estimating cost of work are summarized below from Simon's 
"Dredging Engineering”. (Certain iteiiw would obviualy not arise on 
certain kinds of work.) 

128. Preliminary Engineering Engineers and assistants and their equip* 
ment, on all steps from making surveys, to contracts, borings; overbed. 

129. Permits, Property. 

130. Preliminary Structures Dikes, ditrhes, shore pipe-lines, construc- 
tion plant, transportation, field office, overhed. 

131. Dredging proper. The engineer need ronrern himself with the 
touowdng only when he is operating the dredge himself. Plant, labor, 
aupplies, dump maint, and engineering and overhed connected with this work. 
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OPEKATION AND MAINTENANCE 
Operating Efficiency 

132, DrodRCB art* iiBuaily so soriuBly Bubjeot to broakdowns, and the 
entire plant is bo very expensiv, that operatiiiR cflEiciency while running, is 
usually of much less importance than confiniiity of itperaiion. Refined 
machinery of higfi theoretical efficiency is hkely to prove much leas efficient 
in tlm long run. than hardy rnachiner 3 ' that may conauine more power con- 
tinuuslv or need more men, but which does not involv frequent shut-downs 
eo\ering long periods. I' or this reason also 

133, Duplicate Parts are strongly urged by almost all authorities. The 
deiireciiition of sueh parts is slight, but that, together with the interest on 
tin' ni\e8tment, is likely to be far less than the eost re.sulting from trying to 
work without such parts on hand Not only' is there the cornputabl^oss 
of time, but the delays are demoralizing to the crew, especially if men are 
laid off. 

131. Good Management is of prime importance. Fuel must be supplied 
in ample timi' to avoid shut-downs The boilers should not be fed with 
water of doubtful churaitcr A clean and ship-ahape dredge has a good 
effeid upon the erew The large suction dredg<-8 of Toronto harbor (Eng 
Rec 'Iti Apr I,')) havi- mam floors of cement and compositioq rubber, and a 
mm of wood trim. The tendency to run a dredge somehow, as long as 
possible, shouUl be replaced by a strong policy of maintaining it continuusly 
Ht the best possible 


133. Sati.sfiictory dredging eo.sts are seldom available Figures often 
apjiear to refute each other. Often one or more of the following pieces of 
information is oniitte<{. — type of dredgi . mat’l handled, whether interest 
and depreciation are included, time idle, number of shifts, etc. 

130. Mmlifyiiiii FactorM, After referring to the data given below, esti- 
mates should he tiiaile of tin* jirobabh' or possible elTeets of the following, — 
(lint to |)oint ol (h'posit. weatlier eonditiona. exposure of siti'. depth of cut. 
time idle, eollisions and other u( cnhuits, the general skill of those operating, 
and efheieney of the imuhiiiery See 3 to 21 

137. All figures are to be taken as applying before the War of 1911. 

C'laMNliied by Drefltl*^ 

13S. Drail-liiie Scrapers. Silt, loam ami hard-pan from abt 12 to 
20 c (-11 yd, while diMiitc grated rock may run the cost up to 4n 

139. Grapple drecltfeH, (meluding olani-shell and orange-peel). Mud, 
sand and ela\ from abt S to (iO p cii yd. more usually lo to 40. 

1 10. Dip|>er dredges faght nial'ls, as tinid. sand, silt, gravel and day. 
at from s to 40 or tiO ( cu \d, tho hard-pan maj' run the coat up considcrablv 
oierSlOO. 

111. CwntinuiiN Bucket dredges Mud, silt, clay and disintegrated 
ruck, from 10 to 30 ( <''• .'d. 

112. Hydraulic l*i|>e-Iino dredges (“stationary"). Nearly everything 
but rock, from 5 to 30 p, cu yd. 

113. Hydraulic Sea-^oin^ dredges Mud, silt, sand and gravel, often 
as low as 2 or 3 tt/eu yd. with maxima around 10, tho one record gives 36. 

111. Bock Ilroakcra or Gutten*. Figures appear very uncertain. From 
2.'j Hiid 30 to 70 or 80 p cu yd arc usual, but these figs seem tg be for break- 
ing only. One figure* is $y/cu yd. Dredging would bo extra. 

113. Drillinift and Blaadnil has been recorded as low as 18 ^/cu yd for 
breaking only, while figs around 51) i to fl are usual. How'ever, in Black 
Rock Harbor, Buffalo (report by W. L Saunders, in Xllth Internat’i Con- 
gress of Navigation), the tot cost including depreciation (but not dredging) 
was 48 ff/cu yd with drill holes av’g 9'9" deep, while with holes only 3'6" 
deep, the cost ran up to $5.57/cu yd. Again* $6.13 is quoted. One figure 
IB available including dredging, $1.55if/cu yd. 


* British Columbia dredging fleet, Eng Rec '13 Aug 23, p 209. Not 
stated whether dredging is included. 
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146. Uiidennuiiiiji and Blasting of Flood Rock cost something under 
63/cu j'd for breaking only; and $5.88 including dredging. 

Clatwified by Materiala 

147. Mud is generally removed at from 2 to 10 <l/eu yd, tho the cost is 
occasionally considerably higher — around 30 or 40 if the job is small, 

148. SUt usually around 7 {!/cu yd. 

149. Sand I min around 5 ^/cu yd, with 10 to 15 or 20 as more usual 
figures, occasionally running up to 30 and 40 or more for small jobs 

150. Clay is seldom excavated as cheaply as 5 ff/cu yd; more usually 10, 
20, 30 and 40. 

151. Hard-pan and Disintegrated Rock from 20 to 40 ^ or 50 ^/cu yd 
— possibly a dollar or more. 

152. Gravel* 2 to 12 t/cn yd, or possibly as high as 30 

153. Rock, see 1-14 etc, Rock Breakers, etc 

Perrentage» of Tune 

Spent in Dredging Operations 

154. The following figures have been compiled from Report of Chief of 
Engrs, U.S.A., 1919, being av’s of a number of diff dredges of each type, 
and are especially valuable as indicating the ways in which senus losses of 
time may occur. 


155. Time at Work 

Bucket 

Dipper 

Hydraulic 
Pipe- Line 

Sea-(Joing 

Hopper 

Dredging 

10 15 

5 KM 

i:> 12 

14 35 

Waiting on tug 

0 30 




Handling scows 


0 37 



Handling pipe-line 



1 94 


Handling swinging wires 



0 98 


Turmng in cut 




0 79 

To and from dump 




7 16 

Dumping 




1.39 

Spudding up 

0 30 

0.3S 



To & from wharf & anchor'g. . . . 



0 27 

2 49 

Placing dredge 



0 57 


Taking fuel and supplies . 




2 99 

Waiting for vessels to pass 



0.18 


Miscellaneus 

1.67 

1 . 63 



Totals, time at work . 

12.42 

K 26 

19 06 

29. 17 


156. Time lost from Work 

Bucket 

Dipper 

It 

Sea-Going 

Hopper 

Repairing. . . 

4.60 

2.58 

7.70 

11.01 

Bad Weather 

1.90 

5.44 

2.41 

3.29 

Changing location of plant 

2.9^ 

1.21 

2.58 

0.00 

Ddays 

4.17 

4.40 

0.00 

0.00 

Sundays and holidays 

10.31 

10.41 

10.77 

14.88 

Out of commission 

36.68 

58.94 

28.56 

4.61 

Lying at berths 




30.75 

Transf erring, etc 



0.21 

1.21 

Miscellaneus 



26.95 

8.49 

27.30 

4.92 

Totals, time lost from work j 

87.68 

91.47 ! 

1 

79.53 

70.67 
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FOUNDATIONS. 

A VOLDKB might be occupied by this important subject alone. We liave space for 
only a few general bints ; leaving it to the student to determine how far they may 
be applnable in any given cose. In ordinary ciutes, as in ciilveits, retaining walls, 
Ac, if excavations, or w-ells, &e, in the vicinity, have not already proved that the soil 
is reliable to a considerable de^th, it will usually be a sufficient precaution, after 
having dug and levelled off the foundation pits or trenches to a dejith ol U to 5 ft. to 
test it by an iron rod, or a pump-auger; or to sink holes, in a lew sjiots, to the depth 
of 4 to U ft farther; (depending upon the weight of the int^uided structure ; > to ascer- 
tain if the soil continues firm to that distance. If it dues, theie will raiely be any 
risk in proceeding at once with the masonry; because a stratum of tirm soil, from 4 
to h ft thick, will lie safe for alino.st any oiditiary structure; even tliough it should 
he underlaid by a much softer stratum. If, however, the tirm upper stratum is ex- 
posed to running water, as in the Ctase of a bi'idge-juer in a river, c.iie must be taken 
to preserve it from gradually washing away; or fri>m iK-eoming loosened and broken 
up by violent freshets; especially if they bring down heavy masses of iee. trees, and 
other floating matter. These are sometimes arrested by piers, ami hi cumulate so as 
to form dams extending to the bottom of the stream; thus creating an inciease of 
velocity, and of scouring action, that is veiy dangerous to the stability both of the 
bottom and of the structure. When the testing has to he made to a considerable 
depth, It may be iieu'ssary to diive down a tube of either wronghf oi cast mm. to 
prevent the soil Irom falling into the unflnished hole It nect ssaiy. this tube may 
be in short lengths, connected by screw joints, for convenience ol di iving , and llie 
earth inside of it may be removed by a small scoop with a long handle,* 

Boriii^fl In common cioilts or day mav be made 100 feet deep in a day 
or two by a common wood aufter lb' inche.H diameter, turned by two to four 
men with 3 feet levers. This will bring up sample- 

In starting tiie masonry, the largest stones should of course be placed at the bot- 
tom of the pit, so as to e(|ualize the pn'ssure as much as possible; and caie should 
be taken to fieil them solidly in the soil, so as to have no rocking tendency The 
next few courses at least Hlmuld he of huge stones, so laid as to break joint thoroughly 
with those Isdow The trenches should l>e refilled with earth ns soon as the masonry 
will permit; so as to exclude rain, which would injure the mortar, and soften the 
foundation. It is well to ram or tread the earth to some extent as it is being deposited 

If the tests show that the soil (not exposed to running water) is too soft to supiiort 
the masonry, then the pits should lie made considerably w ider and dee|)er ; and after- 
srard he fillip to their entire width, and to a depth of from 3 to (> or more ft. (de- 
jending on the weight to he sustained,! with rammed or lolled layers of sand, gravel, 
)r stone broken to turniiike size : or with concrete in winch there is a graid propor- 
ion of cement. On this dejsisit the masonry may he started Tlie common practice 
n such cases, of laying planks or wooden platforms in the foundatioiis, for hnilding 
tpOQ, is a very bad one. For if the planks are not constantly kept thoroughly wet| 
hey will decay in a few years; causing cracks and settlements in the masonry. 

Iwme portions of the brick aqueduct f for supplying Boston with water gava 
i great deal of trouble where its trenches passed through running quicksands and 
ither treacherous soils. Concrete was tried, but the wet quicksand mixed itself 
vith it, and kiUfd it. Wooden cradles, Ac, also failed , and the difficulty was finally 
lyercome by simply depositing in the trenches about two feet in depth of strong 
praveLJ Sand or gravel, whai prn'fnted fr^m sprutding suiewny'^, foriiiH one ot the 
lest of foundations. To prevent this spreading, the area to he built on may he sur- 
onnded by a wall; or by squansl piles driven so close as to touch each other, or in 
ess important cases, by short aiieet piles only. But generally it is sufficient simply 


* Subterranean caverns in liiueatoiic regions are a frequent source of trouble, 
igainst which it m difficult to adopt precautions. 

f The Cochituate aqueduct, built I846-4H; egg-shape, d feet 4 inches X ^ feet, 
with semicircular invert. 

^ ismeaton mentions a stone bridge built upon a natural bed of gravel only 
ibout two feet thick, overlying deep mud so soft that an iron bar 40 feet long 
»auk to the head by its own weight. One of the piers, however, sank while the 
srehes were being turned, and was restored hylSmeaton. Although a wretched 
precedent for bridge-building, this example illustrates the bearing power of a 
thick layer of well^inpacted gravel. 
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to give the trenches a good width ; and to ram the sand or gravel (which are all 
the better if wet) in layers , taking care to compact it well against the mles of 
the trench also Tiider heavy lu.t(ls, some seltleiuent will, of course, take place, 
as )s tiie case in all loumlations except rock. If very heavy, adojd piling, Ac. 

.see (iRILl.AOK. 

Wtioii ail unrolialilc Moil overlioN a firm one. but at such a 
depth that the excavation of the trenches (which then must e\idently be made 
wider, as well as deeper) becomes too troublesome and expensive; especially 
when (as generally happens in that case) water iiercolatcs rapidly into the 
trenches lioiii the adjai-ent strata, we may resort to piles When 

making deep toundation-pits in ilamp' we muNt leniembcr that this 
luaterial, tx'ing solt, has, to ai-ertain degree, a tendenc) to press in every direc- 
tion, like watiM. Thhs causes it to bulge inward at the sides, and upward at the 
bottom 'I'hc excavations for tunnels, or lor veitical slialts, often close in all 
around, and tiecoiue much cuntrai ted thereby In lore tbev can be lined , there- 
fore thev should be dug largei than would otlierw isc be nece.ssary. Tlie bottoms 
of canal and lailroad excavatioins in moist clav aie frequently pressed upward 
by the weight ot the sides, llry 4‘lay rapidly absorbs moisture from the air, 
and swells, pioducing eflect-s similai to the loregniiig It- expansion is attended 
by great pressure, so that retaiiiiiig-walls backed with dry ranmiea clay will 
he in fdanger of bulging if the clay should become wet It is a treacherous 
material to w'ork in For eonrrrir foiiiKlalioiiN. see Concrete. 


Ah to the loml that may safolv be trusted on an earth founda- 

tion, llankine advises not to excetd 1 to 1 fi tons per sijuare foot But exf»eri- 
ence proves that on good compact gravel, sand, or loam, at a depth beyond 
atmospheric influences, 2 to :t tons are safe, or even 4 to fi tons if a few inches of 
settlement may be allowed, as i.s often the case in isolated structures without 
tremors Yeani may elH)>se before this settlement ceases eiititely. Pure clay, 
especiallv if damp, is more compressible, and should not t>e trusted with more 
than 1 to' 2.5 tons, according to the case All earth foundations roust yield tome- 
what. Eqnality of prenniire is a main point to aim at. Tremor in- 
creases settlements, and causes them to continue for a longer period, especially 
in weak soils, (ireat care must be taken not to overload In such cases, even if 
piled FoiindAtionM in iilUy noIIh will probably settle, in years, at the 
rate of from It to 12 inches per ton (up to 2 tons) per sqtiare foot of quiet load, 
if not on pile.s. 

Figure 2 shows an easy mode of obtaining a foundation in certain cases. It 
is the “plerre prrdoe” (lost stone) of the French; in English, ‘'^rnn- 
dom fitonr,** or rip-rap. 


It is merely a deposit of rough angular quarry stone thrown into the water; 
the largest ones being at the outside, to resist disturbance from freshets, ioe, 
floating trees, Ac A part of the interior may be of small quarry chips, witk 
some gravel, sand, clay, Ac. When the bottom is irregular rock, this process 
saves the exfM'iise of levelling it oflT to receive the masonry. For 2 or 3 feet 
below the surface of the water, the stones may generally be disposed by haud,M 
as to lie close and firmly. Small spawls packed between tbe larger ones will 
make tbe work smoother, and less liable to be displaced by violence. Cramps 
or chains may at times lie u.sefiil for connecting several of the large stones 
together for greater stability. Rip-rap, hwwewer, apt to settle. 


If the bottom In ho vieldinig as to be liable to wash away in 

frortbets it luav, m wlditmn, bo protocted, as in Fig 2„l>y a covonug of the same kind 
’ of stoiufs, as at 0 ; extend- 

ing all around the struc- 
ture. Or the main pile 
of stones may be extend- 
ed as itor dotted line at d; 
so that If the bottom 
should wash aw'ay, as jver 
dotted line at o, ths 
. stones d will fkll inte 

V ^ the cavity, and thus pre- 

vent further damage. 
Sheet-piles, « «, may be 
dnv. ri as an additional precaution. For greater security, the bed of the river may 
bi« dredged or scoopwi under the entire space to l)c covered by the main deposit, as 
>*-r dotted lines in Fig 8, to as great a depth as any scouring would be apt to reach; 
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ttili «xcaTatfon also to tw filled with atooe. Such foondationi w OTldeatiy M 
adapted to quiet water. TOe masonry ihonld reat on a strong platform. 


Lsise deposits of stone, ss In these r~n 

t«o Ofs, greetl.T inoreese the TClocltji I I 

Sad the seonrlDg eotlob of the stream I I 

sronnd them, espedaUy in freshets ; unv ■ 

less the bottom on each side from the de- 

beslt be dredged ont t»» such an extent - . , ~ & dSfei" ' 

uat the ortginal area of water shall not ,< 4 , Ft & 

beredneed. If the bottom is treacherous, K 

UjIb should be done before depositing the /-"■'vV^SCW IS S 

boterlng stones e. Fig 8. Judment and r“ni H** »- 

bxpetience are neeeuary In such matters, V. J J— y 

ks in all others eonneeted with engineer* V V V 

lag. Mere study will not guard against o. 

BOnstaat failures. Theory and praotloo eh 

Bust guide each other. . *' 

Fig S is another simple method; and 

rtmtlOT to'lhenarSsU^ ofthe stream, or to the escape of its waters in time of high *■ • 

eflbctire one. Here the plies are first driven Into the river boiiom. for the support of the pi^ 
then the deposit of stone la thrown In. for the support and proteo^n of the piles jprevrotlng thm 
from bendlM nnder their loads ; and shielding them from blows from floating bodies. The tops w 
the piles being cnt off to a level, a strong platform of timber Is laid on top of them, as a ^e for the 
masonrv The top of the platform should not be less than about 18 or 18 ins below ordinary low 
arater, to prevent d^y. MlMheirs Iron screw pile ; or hollow piles of cast Iron, may be used Instead 
»r wooden ones. 

FittB 4 repwnent a convenient method of establishing a foundation in water, b| 

means of a timber erlb, A A« witliont a bottom. It should bs buiU of 


a uared timbers, notch* 
together at their 
eroasings, as shown at 
lte5; each notch being 
^ of the depth of the 
stick. Bj this means 
each timber ii support* 
id throngbont Its entire 
Imigth 1^ the one below 
it: and reeime polling 
la both directions. Bolte 
also are drivea at the 
Intenections: at least 
la the sides of the crib, 
to prevent oae portioa' 
Irem being floated off 
from the other. The 
crib la that divided into 
■qnare or leetaagnlar 
eelb,ft«m3to4or6ft 
OB a ride, according to 
toe feqnlreinents or the 
ease. The partltiona 
between the oeUe are 
pat together in the 
ywwTW. gg thoee 
at the rides of the eribe; 
and consequently, like 
the latter, form solid 
wooden walld 



The crib sauy be frumud uflout. u( uny convenient spot t and when flniibed, may bo tousd to Ml 
Bnal place, wbsru it is eartfully moored in poiiUon, ana then sunk by tbrowlug stons into a fbw 
lulls proved wltb platfofms, as at e c, for that purpose. Tbrso platforms should be plsoed n liuis 
■boru tbu lower edge of tba calls, so as not to prevent the crib from setillng sllgbily Into the toil, sad 
Ibos coming to a full bearing upon the bottom. After It bai been sunk, all the cells are fllted with 
rough stona. A stout top platform may bo added or not, a. the osm may be ; also, a protection, 1 1, of 
random stone, to prevent undermining by tbo current. If the sidea are expoted to abrasion froa 
lea, ho, they may be covered In whole or in part wltb plank, or plat# iron ; and the angles strsagih* 
Boed by Iroa straps, * 0 . In deep water, a foundation msy be marie partly of random stone, as !• 
Figs 8 and I ; sod on top of thi« may be sunk a crib, with lu top about 3 It under low water, as s teas 
to the masonry. This la much safer than random stone alone, 
tom nmeven rock bottom it may be necessary to scribe the bottom of the 

Bribto 01 the rock; or the crib may flrst be sunk by means of a loaded platform on tu top, or by 
lllini some of lu eells, until Its lowest Umbers are wltbln a short ditunoo above the bottom. Being 
Hmtu kept In ahorlsontal potiUen, snnil stouee may be thrown Into the eells. aod anowed to tod 
their way under the tlmbnu of the erib, thus forming u level support for Ik The eells may then hs 
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A crib with only an outside row of cells for sinking it may ke 

bnilt ; and the interior oliamber may be fllled with oonorete under water. Tbe maaoni 7 maj than 
reit on the oonorete alone. If the onb reata upon a foundation of broken stone, the upper Interstiees 
of this stone should first be levelled off bj small stone or ooarse gravel to receive the oonorete of the 
inner obambcr. 


Or a crib like Fiflr. 4 may be sunk, and piles be driven in the cells, which 

may afterward be filled with broken atone or oonorete. Tbe masonry may then rest on the piles only, 
which in turn will be defended by the orlb. If tbe bottom is liable to soour, place sheet-piles or 
rip-rap around the base of the crib. 

By all means avoid a crib like c, Figr 53^ much higher at one part J 

than at another, if the superstrudurf h is to rest on the tinwer of the crib instead of on I 
piles, or on concrete independent of the timber ; for the high part of the crib will compress more nnoar 
Its load than the low part , and will thus cause the superstructure to lean or to craok. 

A tTil) either straight sided or circular, with only an outer row of cells for pud- 
dlinv may be used as a eolTerdam (see cofferdams, p. 586). Theioipfp 
betweeq^be outer timberi should be well oaulked ; and oare be taken, by meana of outside pile-planks, 
gravel, Ttc, to prevent water from entering beneath it. 

The cast-iron Brldjpe across the bchnylkill at C'hestnnt St, 

Pllila, Mr. dtrickland ILiioaBS, Engineer, affords a htriking example of crib 
foundation. The center pier stands on a onb, an oblong octiigon In plan , 31 by 87 feet at base ; M 
by HO ft at top, and (with Its platform) IS ft high, lu timbers are of yellow pine, hewn lit ins 
square , and framed as at Klg 5. 1 be lower Umbers were carefully cut or scribed to conform to the 
irregularities of the tolerable level rock upon which it rests. Theie were ascerulned (after tbe 8 ft 
depth of gravel bad been dredged ofl ) In the usual manner of mooring above the site a large floatinf 
wooden platform, composed of timbers corresponding in position with all those of the lower oourae 
of the Intended crib, both longitudinal and transverse. Soundings were then taken close together 
along all these lines of timber. Most of the cells are about 3 by i ft on a side, in the clear. A few 
of them had platforms at the level of the second course from the bottom, for receiving stone for atak. 
ing the orlb , the others are open to the bottom. 


The crib was built In the water : and was kept floating, during its construction, with iu unfinished 
top continually jus; above water, by gradually loading it with more stone as new timbers were added. 
The stone required for this purpose alone was 300 tons. When the crib was towed into position, and 
moored, 150 tons more were added for sinking it. All the cells were afterward filled with rough dry 
acoQiSi ftnd coRrse jcrtvel icrMnlngi , msklDg r totRl of 1666 touR. A plRtform of 12 by 12 inch squRrea 
timber covered the whole , Us top being UH ft below low water The pier alone, which stands on ihU 
crib, weighs 3iS5.T tons, and during lu construction it compressed theenbOis ins. The weight of 
superstructure resting on the pier, may be roughly taken at IDOi) tuns more. 

An ordinary cniUMon is merely o stronic seow, or a with- 
out a lid; and with sides which may at pleasure be readllv detached from its bottom. It U built w 
land, and then launched. The masonry may first be built lu it, either in whole or in part, while 
afloat, and the whole being then towed Into place, and moored may he sunk to the bottom of tbe 
river to rest upon a foundation previously prepared for it, either by pillug, if necessary: or by 
merely levelling off the natural surface, &c. The bottom of the calason constitutes a strong timber 

platform, upon which tbe msaonry rests; and 
is so arranged, that after it is sunk, the sides 
mar be detached from it, and removed to be 
reboiinroed for use at another pier, if needed. 
This deuohing may lie effected by some such 
oontrlvanoe as that shown in Fig 6, where 
P P IP IS the bottom of tbe caisson, to which 
are firmly attached at intervals strong iron 
eyes (; which sre taken hold of by books d, a^ 
the lower end of long bolts K n, reaching to 
tbe top timbers 8 of the crib, where they are 
oonfloed by screw nuu n. By loosening tbe 
nuts w, the hooks d can be detached from the 
eyes /; and the sides can then be removed 
from the bottom, there being no other connec- 
tion between tbe two. These hooks and eyea 
are usually placed outside of the caisson ; tbe 
screw nuts n being sustained ^ the projecting 
ends of cross pieces, as (f. Fig 9. I'he im- 
proper (wslUon given them in our Fig waa 
merely for convenience of illustrating the prin- 
ciple. It will sometimes be neoeasarT to have 
one side detachable from the others, In order to float the caisson away clear from the finished pier ; 
nnless it be floated away before the masonrr has been built so high as to reader the precaution use- 
less Fig 6 shows one of manv wavs of ooiisiructlng a calssou ; with aides consisting of upright 
florner-pofts, I ; cap pieces 8, on lop ; and sills g at bottom, resting on the bottom platform P P « 
intermediate uprights T, framed into the caps and allla; tbe whole being covered ouulde by one or 
two thicknesses of planking H, which, as well as the platform, shonld be well calked, to prevent 
leaking. Tarpaulin also mar be nailed outside to asaiat In this. The greatest trouble from leaking 
is where tbe sides join the platform. On top of the platform is firmly spiked a timber o o, extending 
all around it just Inside of the inner lower edge of the aides of the caisson. lU use it to prevent 
tbe sides from being foroed inward by the pressure of the water outside. The details of oonstrnctlon 
will of course vary with the requirements of tbe case. In deep eaissous, inside oross-braoes or stmts 
from side to side, as at c e, Fig 7, will be required to prevent the sides from being forced inward by 
the pressure of the water, as the vetael gradually ainki while the maaonry is being built within it. 
As the masonry is carried up, the strnu are removed; and short ones, extending ffom the aide* of 
the oaissoo to tbe masonry, sre inserted in their plaoe. When tbe caisson is shallow, only tlw upper 
oourae of braoes will be required, they alao support a platform for the workmen and tbelr mateiiaU. 
In deep oaUsons, in order not to be in the way of the masons, the outer planking of the sides nay, 
in part, be gradually built up aa tbe masonry progresses. It may aometlmes be expedient te bnlld 
the maaonry hollow at first, with Miin trsAsverae walls inside to stUrm it if neoeesary ■, and te coiv 
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plete the interior after aiuking' the caisson. Indeed, masonry or brickwork, in cement, may thus b« 
built hollow at first, resting on the platform; the masonr} 'itself forming the sides of the caisson. 
Or the sides may consist of a watgr-tight casing of iron, or’»<M»d, of the shape of the Intended pier, 
Ac. This casing being confined to the platform, becomes, in fact, a mould, in which the pier may be 
formed, and sunk at the Bame time by Ailing it with liydranlic eoncride. For 
concrete foundations, see Concrete. 

On rock bottom the under timbers pf the platform may be cut to suit the irregularities 
•8 already stated under “ Cribs.” Or the bottom may be levelled up br flrrt depositing targe stones 
around the area upon which the caisson is to rest ; and then filling between these with Biniiller stones 
and gravel; testing the depth by sounding Or a level bed of cement concrete may, aitli .’are, he 
deposited in the water. If there are deep narrow cievtccs in the lock, through which the cuiKiete 
may escape, they may be first covered with tarpaulin Diving lielU may often lie used to adi untage, 
In all such operations. But in the case of very irregular rock, it will often be bi'tier to resort to eof- 
fer-dams. 

Valves for the admission of ftiiler for sinking the riiissou are 
nsually introduced. If, after sinking, it should l«e necessan to again raise the whole, u is only 
necessary to close the valves, and pump out the water. Cuiile piles may be di iven mnt iiraeed along- 
side of the caisson, to insure its sinking verti< ally, and at the proper spot. Or It may be lowered by 
screws supported by strong temporary framework 
Assuming the upi igh W I, T, tc, Fig 6. to be siiffieiently brnced, as at e c. Fig 7, the follow iug table 
will show the thickness of planking necessary tor difierent distances apart ot the uprights, (in the 
Clear,) to insure a safety of six against the pressure of the water at dilleruiit depths; and at the 
•amc time not to bend inward under said pressure, more than of the distariee to which 

they stretch from upright to upright; or at the rate of inch lu 10 ft sireu-h ; ^ inch in 5 ft, Ac. 
Such a table may be of use In other matters. 

Table of thickness of white pine plank reqnlred not to bend 
more than part of its clear horisontal stretch, under 
tUfferent heads of water. (Ongmal.) 


.HEADS IN FEET. 


Thickuoss in IiK-tiO' 


Cofferwdams are ciifhistircs from whit h the u liter nun he pnmpod out. bo u 
to allow the work to Imi (Joao in the open atr Their f on«li uction ol eotiiHi varies 
rreatly. In still Hhallou water, a nieie welMiuilt liank of clay iind (.'rinel; oi of 
uagK partly Ailed w I th tlnme matcruiN when theie js much current, will answer 
every purpose ; or(dependinf(un lhedepth).isin;'le orduiihle row of sheet-piles ; or iT 
Btiuared piles of larf'er diiuenbions, diiveii tom Iiiuk each other; their lower eniK a 
few feet in the soil ; and iheir upper om s a little uhove hi^h water, and jiroterted 
outside by heaps of gravelly soil or pmlilh-. 'as at P in Fig 7,' to prevent leaking. 
The 8boe^piles may be of wood; or oi <.iu>l iron, of a strong lorui. 

The Kufflcicncy of a mere bank of well-packed earth In still 
water, is nhovni Ly the embankniei t.s or levotN to prevent rivers from overtlowing adjacent 
low lands Tlie levees along 7C0 milts of Mie MisslsMppI avemge almiit C ft Idgii; 3 ft 
wide on top; side-slopes 1% to 1 In fltsids the river frequently bursts Ihrougli them, 
doing immense damage. Tlity are entirely Urn blight. 

The method of a single row of 12 by 12 inch squared piles, driven In contact with 
each other, (close piles.) and simply bucl.cd by an outer deiiosit of Impervious soil. 
Is very effective; and with the addition of Inierinr crcifis-brates or struts, like c C* FIR 
T. to prevent crushing Inward by the outblde prcbsure of the water and puddle when 
pumped out, has been successfully employed in from 20 to 25 ft depth of water. In 
which there was not sufficient current to wash away the puddle. Tito cross-braces 
are inserted successively, as the water la being pumpid oul ; beginning, of course, 
with the upper ones. The ends of these braces may abut on longitudinal Umbers, bolted 
to the piloK for tbo purpofte. Anotiior molbod is a w^roiiK: crib, 
composed of uprights ftam^ Into cape and sills; and covered outside with squared 
Umliers or plank, laid touching each oUier. and well calked; as hi Uie ealsaon. Fig 
9: but wlUunit a bottom. Between the opposite pel's of uprights are strong interior 
stniti. M c C, Fig T, reaching from side to side, to prevent crudiing inward. The 
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opper serioB of those usuaJly supports a platform for the workmen, wmdlajsses, Ac, 
The crib having been built on land, is launched, taken to its final place, and sunk bj 
piling stones on a ttunporary platform resting on the cross-struts ; the bottom of the 
stream liaving been previously levelled off, it necessary, for its reception. 

To provciit leaking under the l^ittoiu of the crib, sheet-pilca may be driven around it, their beads 
extending a few feet above its bottom , or a small depoalt of outside puddle may be placed around it. 
aa shown at the atone deposita 1 1, Kig *. Or a broad flap of tarpaulin may bo olouely nailed around 
tnd II little above the lower edge of the onb, so arranged that it may be spread out loosely on tb« 
river bottom, to a width of a few feet alt around the outside of the crib , and the puddle may he placed 
iipou it Such a tarpaulin li also very useful in case the river bottom is somewhat irregular, and 
ciiuhot be levelled off without too great expense; in which case the crib cannot come to a full bearing 
upon it . and consequently the water would leak or flow beneath freely, it U especially adapted to 
uneven rook , where sheet-piles cannot be driven. An artificial stratum of impervious soil may kow- 
ever, be deposited on bare rock . in which case the sinking of the crib, and the subsequent operations 
will be the same as on a natural stratum. These expedients are evidently more or less applicable In 
Other cases, where, to avoid repetition, they arc not specially mentioned. 



Flff 7 lx another crib f‘offer-dam ; m whidi the Mde«, uiBteiwl of being 
pl.inkeil luiigitudioally, ii^ ni the hiat instatiee, are nheiithed with vortieiil aheet-piles 
S', diiseti Alter the ciih id Hiiiik It h much infeiior to the last, owing to its greater 
IiHhility to le.ik ’n one of this desenptioii. Fig T, Hiiceessfully used in Ifi ft water, 
the diniensiorisoftln erih were .')4ft hv ><11 ft ^longench long side were 7 uprights t, f, 
19 ft long r2 ins 'Kiuare, ft apart. Into eaeh opposite pair of these were notched, 
and lielct iiy dog-iroiis, ero^s-hraces e r. of ins .sipiare. Tlie distance between the 
two upper ones was ft m the clear, gradunlh diiiuiiishing to IS ms between the 
two lower ones, on aceount ot the increased pressure of the water in descending On 
the outside of the uprights, and oppudite the ends of the braces, were bolted longi- 



tudinal timbers to support the outside pressure against the ^inch sheet-piling ss 
Other longitudinal pieces o o, confine the heads of tne sheet-piles to the top of the 
crib after they are driven. The feet of the sheet-piles were cut to an angle, as at m ; 
to make them draw close to each other at liottom in driving. 

The sheet^piles will drive in a far more regular and satisfactory manner, with the 
arrangement shown in Figs & Hereooere the uprights; oeaiepiiinonongitudiiuil 
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pieces, notched and bolted to the upriphts, near Ixith their tops and their feet ; and 
at as many intermediate points as may l>e desired. The sheet.-piles I, are inserted 
between these ; and of course are guided during their descent much more perfectly 
than in Fig 7. 

When the current is too strong to permit the use of outside puddle, P, Fig 7, the 
principle of coffer-dam shown in Fig 9, is generally used ; in which both sides of the 
puddle are protected from washing away. The space to he enclosed by the dam is sur- 
rounded by two rows ot lirmly-dnveu main piles pp, on which the strength chiefly 
depends. They may l>e round. In dwiding upon their number, u must be remem- 
bered that they may liave to resist floating ice, or accidental blows troin vessels, Ac. 
With reference to this, extra /enekr-pik-s may he diiveii. A little below the tops of 
the mam piles aie liolted two outside longitudinal piecesse w, called wales; and oppo- 
site to them two inner ones, as in tlie fig. The outer ones servo to sujiport cross- 
timbeiw 1 1, which unite each pair of opposite piles, and steady them; and prevent 
Iheir spreading apart by the pressure of the puddle P. The innei ones act w-* guides 
lor the sheet-piles while being driven; after which the lieads ol the sheet-piles 
8re spiked to them. In deep water these sheet-piles must be very stout, say 12 ms 
square ; to resist the pressure <»! the compacted puddle. 

A ffang;vrAy m* is offen laid on top of the cross-pieces f /. for the use of the 
woikmen in wheeling materials, Ac. The puddle P is deposited in tlie water m the 
space, or boxing, between the slieet-piles. It should be put in in layers, and c<iin- 
pacted as well as can bo done without cau^mg the sheet-piles to bulge, and thus open 
their joints. The bottom of the pnddle-ditch should l>e deepened, as in the fig, in 
case it consists, as it often dws, of loose pitnuis material whicli would allow water to 
leak in beneath it and tlie sheet-piles This b aking under tJie dam is frequently a 
source of much trouble and exjiense. Water will find its way readily through almost 
any depth and distance of clean coarse gravelly and pebbly boftom, uumixed with 
earth. Sand is also troublesome: and if a stratum of either should present itself ex- 
tending to a great di'pth, 't will generally he expedient to resort to either simple 
cribs, Fig 4; or to caissons; with or without piles in eitlier cjise, according to cir- 
cumstances. But if such open giavel, or any other permeable or shifting material, 
as soft mud, quicksand, Ac, is present in a stratum hut a few teet in thickness, and 
underlaid by stiff clay, or other sate material, leaking may be prevented, or at least 
much reduo^,by driving the sheeting-piles 2 or 3 ft into this last , and by deepening 
the puddle-trench to the same extent It may sometimes U- lietter, and more con- 
venient, to dredge away the liad material entirely from all the space to be enclosed 
by the dam, and for a sliort distance beyond, before commencing the ronstrnction of 
the latter. If the dam,- Fig 9, is (as it should Iw) well provided with cross-braces, 
like c c, Fig 7, extending across the enclosed area, tlie thickness or width « o of the 
puddle, need not lie more than 4 or 0 feet for shallow depths ; or than 5 to 10 ft for great 
ones; because its use is then merely to prevent leaking. But if there are oa braces, 
it must be made wider, so as to resist upsetting bodil} ; and then, with good puddle, 
0 0 may, as a rule of thumb, l>e % of the vertical depth o I below high wattT ; except 
when this gives less than 4 ft; in which case make it 4 ft; unless more should be 
reqtiir^ for the use of the workmen, for depositing materials, Ac. Or If the excavation 
for the masonry is sunk deeper than the puddle, the dam must la* wider, else it may 
be upset into the excavated pit. 

The exonvHtecI noil may he 
nlMd in buokeu by windUiaec, or by baud. In 
flnoeesthre aUen. The pumps may ne worked 
by baud, or by sieant, at the CBue may reouire; 
as also the wiDdlaases generally oeeded for 
lowering mortar, stone, Ao More or less lead- 
ing may always be aniknpated, notwithstanding 
every preoaallon. 

Wnere a ooflbr-dam It exposed to a violent 
nirrent, and great danger from ioe, Ac, the ex 
pensive mode shown in Figs 10 may beoome 
neoeasary. Tbe two blank reouogiea e c, repre- 
sent tieo lines of rongb oribs fliled with stone, 
and sank In position; one row being enclosed 
by tbe ether; with a space several feet wide tte- 
tween them. Sheet-pUet p p are then driven 
aronnd the opposite fhoee or the two rows of 
srihs ; and the pnddle is deposited within tbe boxing thus provided for it, as shown in tbe fig. 

Where the current ia not strong enough to wash away gravel hacking, we may. on rock especially, 
enclose the spam tc be bnilt on, by a single quadrangle of cribs annk by stone ; and after adopting 
prccsatlons to prevent the gravel from being pressed in beneath the cribs, apply the backing.* 
t igs 10}^ Bhow the plan, outaldc view, and transverse section, to a scale of 20 ft to 
an inch, of a coffer-dam on rock, In 8 to 9 ft water, used successfully on the Schuylkill 
Kavigation. 


Z,t *“■ purp****. A considerable proportion of 
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CoiTer-dam on rock, trprighta h, about l rt square, and 10 ft apart from oenter to cento 
along the aldei. ot the dam ; and 10 ft m the clear, transveisely of the dam, support two lines of horl- 
sontal stringers, i t ; inside of which are the two lines of sheetlug-piles, « s, enclosing between then 
a width of 1 ft of gravel puddle. Two flat Iron bars (t t, of the transverse section) tie together eaob 
pair of uprights b b. These bars are hi Inch thick, bv 2)^ ins deep, and » ft long. Their hooked ends 
nt into eye-bolts c, which pass through the uprights o; outside of which they are fastened by keys,*, 
(see detail sketch.) Between the keys and b, were washers. At the corners of the dam (see plu) 
wore additional tie-bars, as shown. A small band of straw, as seen at y, wrapped around the tie- 
bars just inside of the sheet piles , and kept in place by the puddle j effeotually prevented the leaking 
which generally pi^vos so trouiilesume In such cases The stout oblique braces, oo, were merely 
spiked to the outside faces «f the uprighu h. They are not shown in the transverse section. This dam 
was built on shore, in sections .10 to 40 ft long. These were floated into place. and welghteddown, 
sheet-piled, and puddled with gravel. The dam had sluices by which water was admitted when 
UftCQitwry for proveoting the outside head from excoediug ^ ft. The lengths of the uprights b o were 
first found by careful soundings. 



Tbe moorliiii^ of larire caittNOM or cribs, preparatory to sinking 
them, IS sometimes troublesome, especially in strong currents. It may be neces- 
sary to drive clumps of piles; or to temporarily sink rough cribs filled with stone, 
V> which to attach the long guide-ropes by which the mHiiceuvring into piMition, 4c, 
jM done. Frequently dams are left standing after tlie work is done ; if not in the way 
of navigation, or otherwise obje<:tioiiable ; iiiHsmuch as the materials are rarely worth 
the exiiense of removal. But If removed, the piles should not lie draum out of th< 
ground; but be ruf nff close to river bottom; for if drawn, the water entering theli 
holes may soften the soil under the masonry. It is often expedient to drive twp 
rows of piles from tlio dam to the shore, for supporting a gangway for the workmen! 
or even for horses and carts , or for a railway for the easy delivery of large stones, 4o 

CoflTer-dAiuN may be sunk throngrb a noft to a firm Hoil. in 
shape of a box of cribwork, either rectangular or circular, and without a bottom. 
This being strongly put together, and provided with proper temporary internal 
bracing, (to bo gradually removed as the masonry is built up,) is fioated into place; 
and after being loaded so as to re.st on the soft botfoni, is sunk by dredging out the 
soft material from inside. Additional loading will sometimes be required for over- 
I oiiniig the friction of the soil against the outside ; or it may eveii become D^essary 
b) dredge away some of the outer iiiaterial also. On rock it may at times be 
expedient to drill holes in deep water, for receiving the ends of piles, or of inui rods, 
4c. This may be done by means of long drill-mds, working in an iron tube or pipe 
sunk as a guide to the rod ; with its lower end over the spot to be Isired Or a diving- 
bell may be used. Or a cylinder of staves 4 to 12 inches thick, long enough to 
reach aliove the surface, and having abroad tarpaulin flapor apron around its lower 
edge, to he covered with gravel to prevent leaking; may i>e sunk, and the water 
pi>m|)ed out, to allow a workman to descend, and work in the open nir. 

PilcH. When driven in close cntiict.as in Fig 11, for preventing leakage; for 
confining puddle in a coffer-dam : or for enclosing a piece of soft or sandy ground, to 
prevent its spreading when loaded; or If the outside soil should wash away from 
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around them, Ac, they are called nheet-plle*. Generally these are thinner 
than they are wide; 

but frequently they are ( t 

square ; and as large as ■ ' 

bearing piles ; and are 
then called close 
To make them 
ght together at 
foot, they are cut ob- 
liquely as at /. Occa- 
sioually, when driven 
down {o rock through 
soft soil, their fool are 
in addition cut to an 
edge, as at i, so as Fife 11 

to become somewhat 

bruiseil when they reach the rock, and thus fit closer to its surface. Their heads 
are kept in line while driving, hy means of either one or two longitudinal pieces 
a and o, called whIcm or sinngers. These wales are supported hy gauye-}iile.\, 
or guiik-pilcs, previously diiven in the required line of the work, and several 
ft apart, for this purpose. St>e Figs 8. 

A dOfC-iron <1, of round iron, may also he used for keejiing the edges of the 
piles close at top to those previously dinen, bothdnring 
and after the driving. Its sharp end-^, ec, being driven 
into the tops of the wales w w, (shown m plan,) it holds 
the descending pileo firmly in place. At n, d, p, I'lg 
11, are other modes ocoa'iionally used for keeping the^ 
piles in premier line. At p, tlie letters v s denote small 
pieces or iron well screweri to the |iiles, a little alaive W 
their feet, to act as guides; very raiely used. At n 
are shown wooden (bngues (t, sometimes driven down Fife 12 

between the piles after they them.selves have hcen 

driven; to assist in preventing leaks. In some cases shoid-pilis are employed 
without being driven. A trench is first dug to their full depth for receiving 
them; and the piles are simply placed in these, which aie then refilled. Closer 
joints can tie securevl in this manner than hy driving. 

When piles are intended to sustain loads on their tops, whether driven all their 
length into the ground, or only partly so, as in Fig 3, they are called bearini: 
pflM. They are generally round; from 9 to 18 insdiam at top; and should be 
straiglit, but the hark neeil not lie removed. White pine, spruce, or even hem- 
lock, answer very well in soft soils ; good yellow jnue for firmer ones; and hard 
oaks, elm, beech, Ac, for the more compact ones. They are usually driven from 
about 2% to 4 ft apart each way, from center to center, ilependiug on the char- 
acter of the soil, and the weight to be sustained. A tread-whoel is more 
economical than the winch for raising ihe hammer, when this is donehy men. 
Morin found that the work performed by men working 8 hours per day, was 
8900 foot-pounds per man, per minute by the ticad-whed ; and only 2CU() by a 
winch. 

Aft«r piles hawe been driven, and their heads carefully sawed off to 
a level, if not under water, the spaces between them are in important cases filled 
up level with their top.s with well rammed gravel, stone 
spawls.or concrete, in order to impart some sustaining 
power to tho soil lK>fvv4s*n the piles Two courses oi 
stout timbers (from 8 tu 12 ins square, according to the 
weight to be carrhyl) are then lilted or treemiiled to 
the tops of the piles and to eneh other, as shown in the 
Fig, forming what is called a irrillafre. f)n top of these is Iwilted a floor or 
platform of thick plank for the sup|»ort of the uiasonry ; or the ilmlxTs of the 
upper course of the grillage may l*e laid close lf>uether to form the floor. The 
space tielow the floor should aUo, in imT»ortant casw, l>e well packed with gravel, 
spawls, or concrete. If under wnter. th<‘ piles are sawed off hv a diver, or 
by a circular saw driven by the engine of tho pikMlriver, and the grillage is 
omitted. Instead of i( the masonry or eoiu-rete may lie built in the ojven air in 
a caisson, which gradually sinkh as it becomes fillwl ; or on a strong platform 
which Is lowered upon the piles by screws as the work progresses. Or a strong 
caisson may first be sunk entirely under water, and then be filled with eonerete, 
up to near low water ; the caisson being allowivl to remain. Or I lie caisson may 
form a cofferdam, U> be first sunk, and tben punified out. If the ground is liabls 
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to wash away from around the piles, as in the case of bridge piers, Ac, defend it 
by sheet-piles, or rip- rap, or both. 

The cost of a floattnir steam pile driver, scow 24 fi by 50 ft. draft 
18 ms, with one engine for driving, and om* (to save time) for getting another 
pile ready ; with one ton hammer, is aliout jffiOOO ; and ^500 more will add a cir- 
cular saw, Ac, for .sawing off piles at any reqd depth liequires engineinan, cook, 
and 4 or 5 others. Will burn about half a ion of coal per day. l)riving 20 feet 
into gravel, and sawing off, will average from 1.5 to 20 piles per day of 10 hours. 
In mud about twice a.s many. On land alxiut bait as many as m water. 

In the {gunpowder pile driver invented by the late Mr. Thomas Shaw, 
of Philadelphia, the hammer is worked by small cartridges of jiowder, placed one 
by one in a riH.‘eptacle on top of the pile; and exploded by the hammer itself. 
It can readily make 30 to 40 blows of 5 to 10 ft per minute; and, since the 
hammer does not come into actual contact with the piles, it (lot‘s not injuie their 
heads at all; thus dispensing with iron hoops, Ac, for preserving them. When 
only a slight blow is required, a smaller cartridge is used. To drive a pile 20 ft 
into mud averages aliout om*-third of a ftound of powder; into gravel, 4 times as 
much. 'Phis machine does not as^sl in raising the pile, and placing it in 

f iosition, as is done by ordinary steam pile drivers ; the latter, however, average 
lut from 6 to 14 blows per minute. 


PilcM have been driven by exidoding Miiall ch.irges of dynamite 
laid upon their heads, which are protected by iron- plates. 

Steam-hammer pile drivenh operating on the principle ef that devisee 
by Naamyth aliout lB.'i0, are economical in driving to great depths in diihcuU 
soils wheie there are say 200 or more piles in clusters or lows, so that the machins 
can readily bu moved from pile to pile. 

The steam cylinder is upright, and is confined lietween the upper ends of two 
vertical and parallel 1 or channel beam» alxuit 6 to 12 ft long and 18 ins apart, 
tlie lower ends of wrhich confine between them a hollow conical bonnet caat* 
Inif,’* which fits over the head of the pile. This casting is open at top, and through 
It the hammer, wliich is fastemKi to the loot of the piston-rod, strikes the head of 
the pile. Kach of the vertical beams eucloses one of the two npright guide-timbers, 
or “ leaders,” of the pile driver, l>etweou which the driving apparatus, above de- 
scribed, Is free to slide up or down as a whole. 

When a pile has been placed in jiositioii, ready for driving, the bonnet casting ii 
placed u^Mm its head, thus bringing the weight of the beams, cylinder, hammer, and 
cjisting upon the pile. This weight rests upon the pile throughout the driving, tbs 
apparatus sliding down between tlie leadere as the pile descends. 

The steam is convey tni from the boiler to the ryl by a flexible pipe. When It la 
admitted to the cyl, the hammer is lifted about 30 or 40 ins, and upon its escape the 
hammer fails, sti iking the head of the pile. Almut 60 blows are delivered per min- 
ute. Tlie liammer i« provideil witli a trip- piece which automatically admits steam 
to tlie rylinder after each blow, aud opens a valve for its eecM|*e at the end of th* 
up-stroke. By altering the ai^ustnient ot this trip-piece, the length of stroke (and 
thus the force of the Idows) cau be increased or diminished. The admission and 
escape of steam, to and from the cyl, can also l»e contiolled directly by the attendant. 
The iiumlier of blows per minute is increased or dimiiiislied by regulating the sup* 


*** 1 n makTiig* the up-stroke, the steam, pressing against the low er cyl liead, of course 

prenses downward on the pile and aids Its descent. 

The chief advantaige of these machines lies in the great rapjdJtJ 
witli which the blows follow one another, allowing no time lor the disturljed earth, 
bjiikI, Ac. to recompart Itself around the sides, and under the foot, of the pile. This 
enal.les the machines to do woik which cannot be done with ordinary pile drivers. 
They have driven Norway pine piles 42 ft into s«:.d. They are less than 

otlmrs to sidit and broom the jille, so that these may l e of setter and cheaper w wd 
The bonnet casting keeps the head of the pile constuiuly m place, so that the pilw 
do not ” diKlge ” or got out of line. Their heads have, in some cases, been set on lira 

by the rapidly succeeding blows, , . „ . r m onW 

These inRchines consume from 1 t« 2 of eo«J in 10 Imur^^ 
require a crew of 5 uiou. They work with a boiler pressure of from 
M Ui <{) 11)8 jK^r B<i loch. 
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Rules fbr the Snstatninip Power of Piles. 

i'bey difej very much. No rule c»n apply correctly to all conditioDi. The ground itself betweet 
the piles, in most cases, tupporU a part of the loud ; 'although the whole of It Is usually assigned t« 
the piles. Again, in very clayey soils, there is gr-jater liability to sink somewhat with the lapse of 
lime, in consequenoe of the admission of water between the pile and the clay ; thus dlmluisbiug tb* 
friction between them. The less Brm the soil, the more will the piles he affected by tremors ; whlci 
also tend in time to cause sinking In some oases this sinking will not be that of the piles settling 
deeper into the earth around them ; but that of the entire compacted mass of plies and earth inU 
which they were driven, settling down Into the less dense mass Mow them I’lles are sometimes 
blamed for aettlements which are really due to the crushing (Haiwaya) of the timljera wt ich real 
'mmediately upon tbeir heads. 

Jm the fine IjOndoil brt<l|pe acroBu the Thames, eiuh pile muler Koiiie of the 
piers BUstaiUH the very heavy load of 80 tons. They arw driven hut 20 feet into the 
stiff, blue Loudon clay ; and arc placed nearly 4 ft apart from center to center ; which 
is too much for such piers and arches. At 3 ft apart scant, they would have had but 
45 tons to sustain. They are 1 ft in diam at the middle of their lenuth. Ugly set- 
tlements, some of them to the extent ol about a ft, have oecurri'J under these piers, 
Blackfriarfi bridg:<'. in the .same vicinity, exhibits the same defect. liy some 
this is a.scril«>d in both oases to the gnidual admission of water between the elav and 
the ^liles, perhaps by capillary action of the piles themselves; or perhaps by direct 
leaking. It may, however, lie owing in part to the crushing of the platforms on 
top of the niles; or to a bodily settlement of the entire ma-ss of piletl elav, into 
the unpiled clay beneath, under the immense load that rests ufion it. This here 
amounts to 5]4 tons per sq foot of area covered by a pier ; and is probably too much 
to trust upon damp clay, when even the slightest sinking is prejudicial. 

NiO J. Sanders, U. 8. Engs, exMrimenIcd largely at Fort Delaware in river 
mud ; and gave the following in the Jour. Franklin Inst, Nov 1851. For the safe 
load for a common wooden pile, driven until it sinks through only small and 
nearly equal distances, under successive blows, divide the height of the fall in ins, 
by the small sinking at each blow in ins. Mult the quot by the weight of the 
hammer, raim or monkey, in tons or pounds, as the case may be. Divide the 
prod by 8. He does not state any specific coefficient of safety. 


Ezusple. At the Ohestaat fit Brlds«* Philada, the great«tt weight on an; pile It IS tons. 
Mr KnoaM had tb« pUei driven nnul they uuk H* or .75 of an inch under each blow from a 1300 ft 
tiommer, falling 30ft. Wm be Mfe in doing toT Here we have the fall In int= 30 X I 2 =r| 40 . and 
340 S84000 

830; and 130 X 1300= SSiOOO Du ; and ^ — = 4SOOO fit, = 21.4 tone lafe load by Mai Bur 

den' rule. The toil wat river mad. 


Owr OWB rale it at foUowt. Mult together the cube rt of the fall in ft ; the wt of hammw in Ihe ; 
and the decimal .02S Divide the prod by the laat tinkiog in int. + L The quotient will be the 
•ZtnaM 1 m 4 that win be Jutt at the poiat of oauiing more tiuklng. For the taft load take frriB 
Me twelfth to om half of tbit, acoordlng to oircnmttancet. Or, aa a formula. 


KxtreaielMd- 

in tout "■ 


Cube rtof V 
fall in feet ^ 


Wt of hammer 
in pound* 


X .028. 


Lett linking in Inobet -f 1 




1114 


we have 


« at the foregoing at Cbntnnt Bt Bridge. Here the cube rt of 30 ft fan It 


2.714 X 1300 X .028 14.2 


= 43.8 tone. 


.15 + 1 

Or eay half of thie, or 31.4 tout, the load for a eafety of L Major Sandem' rule uaket the 
load 31.4. Tbo aetual one it 18 tout. 

A eafety of 3 la not enough for river mud. 

But althongh Major Sanoara' rule and our own agree very well in tbia inaUnoe if a to/rty of 2 (a 
token for each, they differ widely in aome otbera. Tbua at Newllly' Bridge* Franoe, Perrenet'a 
heariott hammer weighed 2000 va, fall 5 ft, ainkage .25 of an inch in the laat 16 hlowa ; or aay 016 
inch per blow. The pilea auataln 47 tons each. Our rule givea 38.8 torn fur a aafety of 2 ; while Ban- 
dera' rale givea 515 tona aafe load I If, aa we think probable, there wai no actual tinklug at the laat 
blow, then our rule rtvea 89.8 tona for a aafety of 2 ; while Bandert' givea loOutty. 

At the Ball Dmu* England, pilea 10 ina aqnare. driven 16 ft Into alluvial mad by a 1500 Bi bam- 
ner, fhlHng 24 rt, tank 3 ini per blow at the end of the driving. They anatain at leaat '20 tona each, 
or aeeording to some etatements 25 tone. Onr rule givea 88.2 tons for tbt extreme load ; or 16.6 tor f 
aafety of only 2. Bandera gives for ta/etn 12.06 tona. Aa tiefore remarked, 2 1h uot anfely enuugh lot 
mnd. In mud, it it not primarily the pllet, but the pilH soil that aetilet, bodily, for year*, 

At the Boymi Border Bridge* England, pilea were very firmly driven from 80 to 40 ft Is sanfi 
and mval, in some oaaea wet. Fine waa Brat tried, but It split and broomed to badly under tbt har^ 
driviagi that Amerloan elm was aubstituted, with tuoocai. They were driven until they tank but .(K 
tnob per btow, under a 1700 Ib monkey, fatting 16 ft. They support 70 tons each. Our rule gtvM 47 
tons for a eafety of I ; while Saodera rives .164 tons safe load t 

Itiatbe wrlter'a opInloD, however, that the piles did not ac'ually sink, as waa (and always ia, in 
auob oases) taken for granted by the ohserverN ; but that tbev were merely eompreiaed or partially 
ernsbod by overdriving. Moat of the piie* *«re driven until' they sauk (f) only an inch under IH 
blowt; bat we doubt whether they were any safer, or farther in the ground, than when they had ra> 
Dcived only one of them ; and oonstder anoh extreme precauiiou worn than uaeleaa. 

Is wmae «3qp«plM4nite (1818) at Phllada, a trial pile wat driven 16 ft into soft river mud, by a 
1600 ft hammer ; lu last ainklng betog 18 in* under a fall of 86 ft. Only 5 boura after it was tfiim 
It waa UmuM with 6 5 tons : whiob oaused a alokino of hot a verv small fraation of as Inch. On- niia 



FOUKDATIOXa. 


593 


i{iTe» 6 4 tons ai the extreme load. Uuder 9 tone It aank .75 of an Inoh ; and under lt> tone, 6 ft. Bj 
Mai Saudem' rule ite eafe load would Iw 2.14 tone. 

A U. S. Govt trlttl pile* about 12 ine eq, driven 29 ft through layer* of silt, sand, and clay, ham- 
mer 910 Ihs,*rall n ft, last sinking .S75 of an inch, bore 26.6 tom ; but sank slowly under 27.9 tons. 
Our rule gives 26 tone extreme load. 

Freooh easkBeers oonsider a pile safe for a load of 25 tons, when It is drlvni to the refusal of 
1344 lbs, falling 4 ft ; our rule gives 24.2 tons for safety 2. They estimate the refhsal by its not sink- 
'.ng more than 4 of an inoh under SO blows. In many important bridges ta they drive until there is 
no sinking under an 800 Ib hammer, falling 5 ft. Oar rule here gives 31.5 tons extreme load ; or 15.7 
for safety 2. 

As to the proper load for safoty* we think that not more than one-half the extreme load given 
by our rule should be taken for piles thoronghljf driven infirm soils; nor more than one-mxth when 
in river mud or marsh ; assuming, as we have hitherto done, that their feet do not rest upon rook. 

If liable to tremors, take only half these loads. 

Piles aaay he mitde of any reonlred sise as regards either length or oross seotlon, by both 
ing and fishing together sidewise and lengthwise, a number of squared tunbers. 

Piles with bloat ends. At South Street Bridge, Phila, 1200 stout piles of Nova Scotia apmes 
with bluui ends were driven 15 to 85 ft. partly in strong gravel, by a common steam pile driver, at a 
total oost (piles and driving) of $7 to $H each. At Wllmiasion Harbor, Cal, Mr. C. B. Sears, 
U S Army. (Jour. Am. Soc. C. B., Deo 1876) found that m firm compact aet sand, after the first few 
blows the piles would not penetrate more than .5 to 1.5 ins at a blow, no matter how far the 2400 lb 
hammer fell. The unpointed ones of which there were many thousands, drove quite as readily to aver, 
age depths of 15 ft In this sand as the pointed ones, and with much less tendency to cant. As a high 
fall had no farther eflbot than to batter the heads he reduced it to 10 ft. which drove an average of 
about .72 inch to a blow. To insure straight driving, the ends must be at right angles to the length. 
Inateitd of driving piles to moderate depths it mar at times be better to merely plant them butt 
down IQ holes bored by au auger like Plerce*8 Well Borer. 

The nltlmaie friction of pllM even with the hark on, and driven about 3 ft apart from oen 
to cen probably never much exceeds about 1 ton per sq ft even when well driven into dense molat 
sand or loamy in'avet ; nor more than 5 to .75 of a ton in common soils and clays; or than .1 to .1 
of a ton in slit or wet river mud dependinc on the depth and density. 

The friction of onot Iron cyllndero seema to be about .S that of pUei. 

There In a diflTerenee In the penetrability of dlfTerent 

Bands. Thus, in the Lary bridge, no special diftlouKy was found in driving piles 35 ft into deep wet 
sand . while, in other wet looaluics. piles of very tough wood, well shod with Irnn. cannot be driven 
6 ft into sand, without being battered to pieoes. The same dlfler^e has been found in the case of 
•crew piles. At the Brandywine light-house these could not be fflted more than 10 ft Into the eleai. 
wet sand Stiff wet clay (and clean gravels) also differ very much in this respect Generally they 
are penetrable to any required depth with comparative ease . but we have seen stout hemlock ptlH 
battered to pieces In driving 6 ft through wet gravel, and Mr Rendel found that at Plymouth he 
' could not by any force drive screw pUci more than about 5 ft Into the clay, which is not as stiff as 
the London clay," on which the foremenlioned new London and Blackfriart bridges were founded; 
and into which even ordinary wooden pllee were driven 20 ft without epeoial dlffioultj. 

A mixture of mud with the sand or gravel facilitates driving vary nuoh ; but before begtonlng w 
SXtensive system of piling, a few exi*eritncnial ones should be driven, to remove doubt as to the 
trouble and expense that uiav lie aniiclpaiod. Mere boring will often be but a poor substitute for this. 

As a general rule, a heavy ’hammer with a low fall, drives more pleasantly than a light one with a 
high fall. M here a humnier of H ton ^‘“‘ng 25 ft, in a very strong ground, shattered tto 

piles; one of 2 tons, (IfiOO lbs,) with 7 ft fall, drove them saiUfactorlly. More blows can be made la 
the same time with a low fall; and this gives less time for the soil Vo compact itself around the pllee 
between the blows. At times a pile may resist the hammer after siukiug somedlsUuce; butaurt 
again after a short rest; or it mar refuse a heavy hammer, and sUrt under a lighter one. Itm^ay 
drive slowly at first, and more rapidly afterward, from causes that may be difficult to discover. The 
driving of one eonielimea causes adjacent ones previously driven, to spring upward several feet, A 
pile le in the most favorable position when its foot rests upon rock, after Iw enUre length has been 
Oriven through a firm soil, which affords perfect protection against Us bending like an overloaded 
Oolumn: and at the same time creates great friction against it* sides; thus asuisilng much In sos. 
taining the load, and thereby relieving the pressure upon the foot. A pile may rest upon rock, and 
vet be very weak ; for if driven through very soft soil, all the pressure Is borne by the sharp pointj 
and the pile becomes merely a column in a worse condition than a pillar with imeround^ end. 

^ In such soils the plies need very little eharpealBg ; indeed, 

had better be driven wUlM«t any! or even butt end down. ^ 

The driving of a pile in eoft ground or mud will generally oaute an adjacent one previously driven, 
to ’wau outwards unless means be taken to prevent it. 

Is piling an area of firm soil it is best to begin at its center and work outwards ; otborwiie the soil 
may b^me so consolidated that the central ones can scaroely be driven at all. 

ElMtlc reaction of ih« noil has b««u known to cause entire piled areas 
to rise, together with the plies, before they were built 
In very firm soil, esiiocinlly if stony; or 
evt*n in soft noil, if tJiopilfs aro pointed, and 
are to be driven to rock; tlieir leet sliould 
be protected by slioeM of either wrought 
iron, M at a, 5 , and b, Figs 13; spiked to the 
pile by means of the Iron straps n, forged 
to them ; or of cast iron, us at c, where the 
shoe is a solid inverted cone, the wide flat 
l»ao of which affords a good bearing for the 
flat bottom of the pile-point The dotted 
Une is a stout wrouglit-iron spike, well se- 
cured in the cone, whiclt is cast around It; 
tiiia holds the shoo to the pile. JKegular 
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wrought-lron sboe* will gcneralljr weigh 18 to 30 lbs ; but sheet iron may be used wheu the soil is but 
moderately oonipaot, plate iiou wheu more so , and solid iron or steel points, from 'I to 4 ins square 
at thu butt, au(i 4 to 8 ms long, when vory compact and stony. Holed may be 
drilled in rock for receiving the pmuts of joles, and tluis {oeventing tlieni 
from slipping , by first driving down a tuix*. as a guide to the drill, after the earth is cleaned out of 
the tulie. To preHerve the headM to some extent from splitting under the 
blows of the hammer, they are usually surrounded by a hoop ft. Fig d, from i* to 1 iui-h thick , and 
1 tij to 3 ins wide. Those are, however, sometimes but imperfect aids ; for in hard driving the head 
will crush, split, and bulge out on ail sides, frequently for many feet below the hoop moreover, tbi. 
hoops often split open The heads, therefore, often have to be sawed, or pared off several times 
before the pile is completely driven; and allowance must be made for this loss in ordering piles for 
any given work , especially in hard soil Capt Turnbuti, U 3 Top Eng. states that at tlie Potomac 
aqueduct, his pilebeads were preserved from injury by the simple expedient of dishing them out to » 
depth of about an inch, and covering them by a loose plate of sheet iron , as shown in section at e, 
Figs 13. A very slight degree of brooming or orushiug of the bead, materially dimiuisbei the force 
ot ilieram. Piles mav be driven through small loose rubble without much labor, Rhaw's driver 
does not Injure the heads. Piles which foot on sloping rook may slide when loaded. 

To drive n pile head below water a wooden punch, or fulUiwer, aa 

atp, Figs 13, may be used. The foot of this punch fits into the upper part of a casting j ]. round or 
tanare, according to the shape of the pile, and having a transverse pariitiun o o The inner part 
of the casting is fitted to the head of the pile t; and the hammer falls on top of the (much When 
driving piles vertically in very soft soil, to support reiaining-walls, or other structures exposed to 
horlionlal or inclined forces, care roust be taken that these forees do not push over the piles them- 
selves ; for in such soils piles are adapted to resist vertical forces only, unless they be driven at an 
inclination corresponding to the oblique force. 

A broken pile may be drawn out. or at least im started, if not very 

firmly driven, by attaching scows to it at low water, dejiending on the rising tide lo Ino-en it Or a 
long timber may be used as a lever, with the head of an adjacent pile fur us fulcrum Or a eiab 
worked by the engine of the pile driver In verv diflioiilt cases the method deviseii by Mr J Monroe, 
C E, may be used. A 4 Inch gas pipe 13 ft long, shod with a solid steel i>oint. and having an outer 
shoulder for sustaining a circular punch, was thereby driven clusc to and 'I or 3 ft deeper than two 
.piles driven lit ft, m 37 ft water, and broken off by ice Four pounds of ponder were then deposited 
m the lower eud of the pipe, and exploded, lifting the plies completely out of place. It will often be 
best to let a broken pile remain, and to drive another close to it. May be drawn by hydraulic press. 

lee adhereH to pileN with a fence ot hIkiiu 3(j to 40 ]l>8 per sq inch, nticl ID 
rising water may lift them out of place if not suflloiently driven 
Iron piled anil cyllnilerN. Cahi iron lu viinons Hhiipes has hoeu much 

used in Europe for sheet piles, e^ecially when Intended to remain as a facing for the piotection of 
ouoereM work, filled in behind and against them * Cast iron evlinders, open at both ends, may be 
used as bearing piles; and may be cleaned out, and filled with concrete, if required The friction lo 
dririog is greater than in solid piles, inasmuch as it takes place ntoiig both the inner and theoiitei 
surfaces This may be diminished by gradiuily extraeiing the in.ide soil iis they go down Thei 
require much care, and a lighter hainnier, or less fall than wooden ones to prevent breaking, ts 
which eud a piece of wood should tie interposed between the hammer and the pile , or the i am may be 
'if wood. But It is liettcr t'l use them in the Hhapeof Mcrow ryliiiilorA. winch, 
moreover, gives them the advantage of a broad base as in the following 
BrnnerM provesti. lie experimented with an 'ipeij cast-iron cylinder..'! ft 

outer diam ; I ins thick , in lengths of 10 ft, oonuecied together iiy internal socket and Joggle Joints, 
secured by pins, and ruu with lead. It had a sharp edged hoO|i or cutter at bottom , and a little 
above this, one turn of a screw, with a pitch of 7 ins, and projecting one foot gl] around the ouisids 
of the oylloder. By means of capstan bars anl winches, he screwed this down through stifl clay and 
aand, 58 feet to rook, on the bank of a river In descending (his disianoe the cylinder made HV 
revolutions ; sinking on an average about 5 ins at each. The time occu|>led in nctually screwing wm 
48H boun; or about ft per hour. There were, however, many long inU'rvais of rest for clean 
ing away the soil in the Inside After resilDg, there was no great difficulty in restarting The next 
fig will give an idea of the arrangcmeni of the screw. 

The Ncrew«plle ut Alex. .Mitchell. Belf.iat, C(iiu>i8tH imuHlly of a roiled iron 
abaft A, Figs 14, tiom 3 to 8 inn diani, and hnriUK ut its foot a caat-iron screw 
S S 8, with a blade of from 18 ins to fi ft diuin. The ncrewa used for liKht-houaeH, 
exposed to moderate aeaa, or heavy ice-fleids, are onlitianly about 3 ft dlaiii, have 
\}/^ turns or threads, and weigh aiaiut fifkl Ihs The round rolled shafts are front 
1 to 8 ins diarn. They are screwed down fioin 10 to 20 ft into clay, sand, or coral, by 
iboiit 30 to 40 men, pushing with 6 to 8 capstan bars, the ends of which deserilie s 
circle of about 30 to 40 ft diarn. For this purpose a platform on juleH has froijuenf ly 
*0 be prepared. In quiet water, this may be supfiorted on bi'ows; or a raft well 
muored miiy lie u.Med when the driving is easy; or the deck of a large scow with a 
well-holc in the center for the pile to pass through. Roughly made temporary 
cribs, filled with stone and sunk, might support a phitform in some [losltions. The 
platform must evidently tie able lo resist revolving hoiixontally under the great 
pushing force of the men at the capstan bars; and on tins account it is dif^ult 
to drive screws to a sufficient depth, in dean compact sand, hy means of a floating 
platform. The feet of the piles must be firmly semred to the seri'ws, to prevent 

* Cn»t iron, iniendcKi lo fsea-wnter, should he close-grained, 

bard, while meul. In Nueb, the small qnanii y of oootalinsj carbmi li ohemtoally noiiibined with the 
meUI ; but in the darker or mottled Irone it is aieohanioally combined and such iron soon beoome* 
•oft, (xomewbnt like plumbago,) when exposed to sea water. Hard white iron has been proved te 
resist for at least 40 years without sur deterioraifon , whether constantly under water, or alternately 
wet and dry. Oopper and bronze are but sligbtlv and auperriclally aObot^ by sea-water ; but destroe 
Uva galvank action takas visoc if dlff metals aie in contact. 
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tlielr being lifted out of them by the upward force of waves against the supeiv 
Structure. At y p, Figs 14, is shown a mode of splicing or uniting the differenl 
lengths or sections ol a pile The point of junction is at r ; r r is a stout iron ring 
forged on to the lower pile p, 
about a foot or 18 ins below its 
top V. A strong cylindrical cast- 
ing n n, enclosing the ends of 
the sections, rests on this ling, 
and is pinned through the piles, 
as at t i. On this casting are 
also oast projections c c c, tor at- 
tiching roAagg, and lieaiiis i,&c, 
jy-cessary for bracing the stiuc- 
(iire from pile to pile. The time 
H( tually required lor dining a 
screw IB from 2 to 10 hours, m 
bivorable circumstances. 

At the RrandTwlne lighthoaiie, m 
ft xmnd-bank of veri jiure hbijiI cov- 
ered a or 8 ft at low water, and from 
II to l.'i ft at high, thev could not he 
foiced down, from a Axed platform, 
for more than 10 ft At other pluceH IIO ft in Hand ie reached without much trouble, where the Hand 
coBtaina a good deal of mud. but it'i bcurlnK power ia then leis This (ultimate) rangea between 
aliout I and C tooa per aq ft according to puriTj, depth, oompaotneas, Ac, of the aand. Id important 
caiei the bearing power abould lie teated. 

llitchelTa pilca have been acrewed about 40 feet into a mixture of clay and sand, with seriWS 
4 ft diam. They paaH ihruugli aniall brokeu atone and coral rock without much diffioulty ; and will 
|>uah aside bowlders of moderate size. Ordinarily, clay or sand will preaeut no great obstruction; 
hut occaslouallT either of them will do so Perfectiv pure clean sand, aa a general rule, gives moat 
dith< ulty. At the Brandi a liie shoal the driving was aided h> a spur and pinion placed as low aa the 
water permitted ; and the levers were worked by HO meia The dauger of twiatlng off the shaft ia 
the limit for acrewiug them They are much used for the anchoring of cbaina for mooring buo} s, Ac. 
On hind, aniall acreas. wlih abort hollow ahafta. make good durable aupporta fobdejHit plllara, cianea. 
wooden bdegraph polea, statiou signals In marine surveying, Ac, Ac. They can readllj be unscrewed 
for removal Horses or oxen may be used in driving large aerewa. The Brandywine light house 
stands on 0 screw -pilee, which are surrounded by 30 others of 5 ins Jiani, as fenders, Thev have to 
resist not only moderate seas, but immense fields of floating ice, miles in extent. An unfinished 
■tructure wu destroyed by ice, which at timet injures the bracing of the standing one 

Tejtf borill|r«« Mhoilld b«* made to fiisme tlmt the mtcws do tmt stop just 
above a very weak stratum which may endanger tbrlr bearing power So with any piles. 



By meanN of a.|et of water forcibly impelled thnmgb a tube by a force 

pump, the most obstitoite sands will be loosened, and the sink- 

ing of screw piles, or wooden ones, or even the largest cylinders, be greath facilitated In a govern- 
ment pirr at €ap« Heiiloprn m very compact sand, in which 6 out of 7 

screws previously broke before reaching 10 ft, the use of the jet was found to remove more than 
three fourths of the resistance * The pile p to be sunk having first been placed in position as ki Pig 
15, the lower open ends t ( of a bent Iron tube t s ( of one and a 
quarter ins bore were stood upon the upper face of the screw disk, and 
mere held firmly by 3 or 4 men while the pile was being screwed down 
by the oapstan c, which was worked by a leading rope r. From the , 

bend a of the pipe, a hose h, 'i ins diam, led to the force pump, the ^ 

cylinder of which was 6 ins bore, and 9 ins stroke, and worked about ^ / 1 1' 

80 full strokes per minute, by a mule walking on a tread wheel on a 
floating platform /. There was now no trouble in aorewing the piles u> 
any required depth Previous trials by play ing the jet beneath the disk 
*ave unsatisfactory results 

In Mobil® Bay several thousands of wooden piles, 
from 18 to 48 Ins diam, were sunk from 10 to 20 ft Into obstinate sand, 

St the average sinking rate of about 1 ft per second, entirely by means 
of jets. The jet was propelled by a city steam Are engine, on a steam- 
boat. through its own hose, with s one and a quarter inch nozzle. 

During the descent the nozzle n n was held loosely in iu plaoe near 
the foot of the pile, by two staples i s and by a string t reaching to the 
surface. The piles were suspended by their heads from shears, t>v the 
tackle of which their descent was regulated The sand settled firmly 
around the piles in a few minutes after they were sunk. t 
At Tenwak Blv®r. Alabama, for iron cylinders 6 ft diam 
(enclosing piles, in deep light shifting sand, the jet was forced by a small 

rotarv pump of 200 to 300 revolutions jsjr minute, through a canvas hore 3 ins diam. 
into a central conical cast iron vessel 10 liis diam. from which radiated 12 gas pipes 1 
Inch diam, and about 30 ins long. At the outer end of eSch of these radii was an 
elbow to which was attached a long verti<-iil pipe remihliig down into the cylinder, 
and made in 10 ft lengths with screw ends lor prolonging them as the cylinder went 
down. This apparatus wm raised and lowered by a light block and Hue; and by It 
alone each cylinder was sunk about 16 ft into the light sand iu a few hours.! 



* Report Sec of War 1872. 
t ^rlel Jordan, C E ; Trans 


t John W. Glenn, 0 E, Van Nostrand, June 1874 . 
Am Atoe C E, Peb 1874. 
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At the Levan Yladuct, 9[r James Brnniee, England, in a light 

■andj marl of great depth, sunk hollow cast iron ojllnders of 10 ins outer diani, to a depth of 20 ft, 
bj means of a jet pipe 2 ins dlutn paaxing down inside of the rrlinder, and through n bole in iu base, 
which was a cast iron disk 30 ins diam, and I iooh thick, strengthened by outside flanges. The con 
necting flanges of the cylinder sections are oulstde, thus im^ieding the descent, as did also the broad 
bottom disk ; still S or 4 hours usually sufliced for the sinking of each, to 20 ft depth. Actual trial 
showed ihitt their safe sustaining power was about 5 tous per sq ft of bottom disk 

At Look Koa VilMlUCt ench pier (-oiiei 8 t.s of two cylinders, open at both 
ends ; of cast iron, 8 ft ki diam ; 1% ins thick ; in lengths of 6 ft, weighing 4 tous 
each ; and bolted together by inside flanges, with iron cement between them. The 
lyliuaers stand 8 ft apart iu the clear; and are in 3tt ft water. “ A strong staging 
was erected; and 4 guide-piles driven for each cylinder. The several lengtlis beiuj; 
previously bolted together, these w ere lowered into theirtilm-es Each tylmder s.iuU 
by its own weight one or two ft through tiie top mud, and then settled upon the sauu 
and gravel which form the substratum for a great depth Into this last they were 
sunk about 8 or 9 ft farther, by excavating the inside earth under water, by means 
of an inverted conical serew>pnn* or dredger, of V 4 inch plate iron. This was 
2 ft greatest diam, and 1 ft deep; and to its bottom was attached a scri'w about 1 ft 
loug. for assisting in screwing it dow’n into tlie soil. Its sides hud openings for the 
entrance of the soil ; and leather flaps, oixuiiug inward, to prevent it.s oscajie. From 
opposite sides of the pan, 3 rods of % iiicli diam projected upward 4 feet, ami were 
there forged together, and connected by an eye-uiid-l)olt joint to a long rod or sliaft, 
at the upper end of winch was a four-armed cross-hniidle, by which the pun was 
screwed down by 4 men on the staging.” 

" When a pan waa rail, a slide which passed over the joint at the bottom was lifted ; and the pai 
was raised by a tackle. This pan raised about 1 cub ft at a lime. A smaller oue of onl) 1 ft diam, 
and I ft deep, raising about % cub ft, was used a hen the material waa very hard. Hy this means 
the cylinders were sunk at the rate of from 2 to IS ins per day. The slow rate of 2 ins was caused 
by stones some of them of 50 lbs. These were tirst loosened by a screw.plck, which was a bar of 
iron ft long, with circular arms I'i ius long projecting from the sides. After being loosened by this, 
the stones were raised by the pan. The expense of all this apparatus was very trifling ; and the ex- 
cavation was done easily and cheaply. After the excavation was tiuishod, and the cylinder sunk, 
before pumping out th« water, ooocrete (gravel 2, hydraulic cement 1 measure) was lU'led in to the 
depth of 12 feet, by means of a large pan with a movable bottom ; and about 1 2 day s were left it to 
harden The water was then pumped out, and the masonry built in oiwn air In some of the eyllu 
dera, however, the water rose so fast, notwithstanding the 12 ft of concrete, that the pumps could nut 
keep them clear, and 6 ft more of concrete had to be added iu those Finally rmidum-stone, or rough 
dry rabble, was throwu iu around the outsides of the cylinders, to preserve them from blows and 
BAdermiaing." * The masonry extends 20 ft above the cylinders, and above water. 
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The vaenum and plenum proeeaHea. We c.m iiarely kIIuiIo to 
the gpuenil priacip'.eu of theitc two modes of siuking large liollow iron oylinderh In 
the vacuum proccNM of Dr. l.awrence Hoiker I»ott«, of London, the cylinder 
e, Fig 16, while being sunk, is closed air-tight at top, by a 
trap-door, oiKmiiig upward A flexible idpe p, of India- 
ruhber, long enough to adapt itself to tho sinking of tho 
cylinder, and provided with a stopcock x, leads from the 
C) lindei to a vessel i»; which may he jihn ed on a raft, or a 
scow, or on land, as may suit circumstances. The cylinder 
being first stmal up iu jMisition, as in the flg, the water is 
pumped out, and the interior soil removed if the cylinder 
has sunk some distance by its own weight The ewk 
t is then closed, and the air is drawn nut from the vessel v 
by an air-pump. The cock is then opened, and most of the air In the cylinder riislios 
into the void veusel p; thus leaving tie* cylinder comparatively empty, and therefore 
less capable of resisting the downward pressure of the external air upon its top 
This pressure, as is well known, amounts to nearly 15 lbs on every hi| inch ; or nearly 
1 ton fier sq ft of area of the top. Conseqneutly the cylinder is forced downward In 
the ted of the river, by this amount of jiressure, lu addition to its own weight. At 
the same time, the pressure of the air upon the surface of the water is transmitted 
through the water to tho soil around the open foot of tlie cylinder; so that if this 
soil he soit or semi-fluid, it will l>e pressed up into the nearly void cylinder, in which 
is no downward pressure to resist it. The descent varies from a few inches, to 4 or h 
ft each time. Tlie process is then rep«‘ated, Ity admitting air again into the cylin- 
oar, opening the trajMloor, removing the water and soil, as before, Ac. Additional 
tenths of cylinder may be bolted on, by means of Interior flanges. 

It b adapted only to aoft moIIs, and to wet sandy ones ; but isnot sufficient- 
ly powerful in very compact ones ; nor does it smiwer where obaiructloni from bowlders, togs, Ao, oeour , 
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the retnoTft] of i;bich requires men to enter the cylinder to its foot ; which tbev cinnot do in the rnre&ed 
air. The pipe should be of sufficient diani to allow the air to leave the cylinder rapidly, so that the 
outer pressure may act upon the top as suddenly as possible. 

At the (loodwin Hands light-house, England, hollow cylinders ft in dlam, were sunk 34 ft into 
sand by this process, In nlwul fi hours; where a steel bar could be driven only 8 ft by a sledge-bam- 
mtr Others, 12 ins in diam, have been sunk 16 ft into sand within less than an hour. In this last 
Instance the air-pump had two barrels^ 4>^ tus diam, 16 inch stroke, worked by 4 men. The pipep 
was of lead, and only H inch diam. 


Tbe p1«niini proceAS. invented by MrTHfrer, 
of France, consists in forciiit; air into the cylinder 
C C, Fig 17, to Buch an extent as to force out the 
water, coinpelling it to escape beneath the open foot, 
into the surrounding water. The interior of the cvlin- 
dcr being tints left dry to tlie bottom, men puss down it 
to looBeii and remove tlie soil at and Ik-Iow its base When 
thl^ 18 done, they leave ; the cum pressed air ih allowed to 
•'scape; and the cylinder, being no longer sustained by 
the upward pressure of the compressed air beneath its 
top, sinks into the cavity, or the loosened material at its 
foot. Fig 17 shows the simple arrangement by which 
workmen are eual>Ied to enter or leave the cylinder, 
without allowing the compressed air toe.scapc; as well 
as the goueral priuttple ot the entire piocess. 

L L in a lepnrate imall chamber, the air-lock, which it 
rcmoTcd when a new length of pipe is tu be added; aud afterward 
replaced and (irmly bolted on. This chamber haa a small air-tight 
dour d, by which it can be entered from without, and another, o, 
opening Into the cylinder The flaps, t, k, of both doors, oiien in- 
ward, or toward the oyllndcr. This chamber also has two stojicocka ; one, a, in its floor, oommnnl- 
eating with the cylinder , and one e, above, communicating with tbe open air. At s is a bent tube, 
alto with acock, which passes air-tight through the side and the bottom of the air-lock. Tbrongh 
it the compressed air is foi'oed into tbe cylinder by an air force pump or condenser , and through it 
the same air is allowed to escape at a later period. A aipbon is shown at n nn. A drum to ia used 
for hoisting the excavated material from tbe bottom, to the air-lock ; its axle < i passes air-tight through 
Huffing boxes in tbe sides of the lock ; the hoisting being done by men outside. This is the general 
arrangement employed by Mr W, J. McAlplne, C R, of New York, at Harlem bridge ; and from hii 
description of it, ours has been condensed. The cylinders were there 6 ft diam, l^i ins thick, and in 
lengths of 8 ft, bolted together through inside flanges /, as tbe sinking went on. The ^r-lock is 6 1\ 
diam, by nearly 6 ft high ; with aides of boiler Iron ; and top and bottom of oast iron. 

Now suppose tbe cylinder C C to be let down, aud steadied in position, as in tbe fig; and the air 
lock L I, to be adjusted on top of it. Tbe next process is to force in air through the curved tube a 
the (lap ( of the lower door o. and the cock a. being previously closed. As the compressed air aoou 
mulates in the cylinder, it forces out the water; which escapes partly beneath tbe bottom of the cyl 
inder, and partly b; rising through the siphon nn, and flowing out at g. The door o being already 
closed, and that at d open, the air in the air-look is in the same condition as that outside ; so tha1 
workneo can enter it readily. Having done so, Hity elose the door d, and the cook e , and oMn thi 
oock a, through wbioh oomfenaed air from the eyluder rashes upward, soon filling tbe ur-lock, 
When this Is done, the flap t ia opened, end the men descend through tbe door ohy a ladder, or by i 
bucket lowered by the drum w, to the bottom. Here they loosen and excavate tbe material as deei 
as they can ; and, filling it into a buoket or bag, they signal to those ouUidei, who raise it to tbe air- 
lock. When done, they ascend to tbe air-lock, close the door o, and tbe cook a; and open the ooek e. 
through which the condensed air in the lock soon escapes, leaving the internal air the same u thai 
ouulde. The door d is then opened, the buckets of earth are removed, and the men go out. raally 
the eook at s is opened, the coudensM air in the cylinder escapes through it to the outside air, and 
the cylinder sinks by its own weight into the cavity and loosentri soil prepared for it at ite ba^ ud 
which is now foreed up into the cylindter by tbe rnsh of toe returning water. The proeess is tbei 
repeated. The sinking will often vary from 0 to 10 or more feet at one operaUon. UnUl depths o 
40 or 50 ft, most men can endure the pressure of the ooudeused air ; but as the ilepto increases tbii 
becomes more difficult, and positively dangerous to life. Cast-irou cylinders 15 ft diam ; aud gres 
(.aissoiM, Fig IH, have been thus sunk ; but at times at great expeuse aud trouble. 

The cylinder should be guided in its descant by a strong frame, whiil 
may be sup'i^rted by piles. Utherwise it will be apt to tilt, and thus give great trouble to settle i 
upon lU exact place. Have been sunk in deep water by divers andernunlng inside. 



The plenum process as applied at the South St bridge, Philada 

by Mr John W. Murp^. oouiraoilng euglneer. differs materially from that dewribed above ; anf 
moreover deserves notice on account of tbe great simplicity aud efficacy of hta plant. This censlstm 
V^TXh of two «nal b«t.. decked, each 100 ft long, by ITH ft wide, and 8 ft depth of hold. The] 
were anchored parallel to each other, 16 ft apart, ^upjwrted by the boau, wd over toe s|^ beiwMi 
I hem. was a strong four-legged shears about 60 ft high ; at the top of which was attired tackle fo 
Imudling the cast iron cylinders. In the hold of one of the boats was a Burlel|pl 
C'oinpressor having two pistons of 10 ins diam, and I'-ins stroke; together witl 
itH iioller. Oil thedeck of the same boat stood a vertical alr-tnnk or rcfifnlator 
22 fi long, by 2 ft diam, made of quarter inch holier iron. This served to maiutaiu a supply of oom 
pressed air in tbe submerged oylTuder m case of an accidental stopping of the oompressor; whlcl 
otherwise would probably be faUl to the laborers ia the cylinder. The oondensed air flowed trot 
this air tank to the air-lock of the cylinder through a hose 4 insdlam, made of gum elastic and cat 
vas and so loug, and so placed, as to extend itself as the cylinder went down, thus maiutainiug to 
coninmnlcatlon at all times. Bnilrely across both boats, aud across the interval between them, ei 
fended two heav.v wooden cininptt* each 3 it wide by IB ins high; each compose 
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of three pieces of lH X 18 Inch timber strongly bolted together. At the centers of these damps thi 
two inner rertioal sides which fsoed each outer were hollowed out to the depth of a Voot by ctmcavl- 
ties corresponding to the curve of the cylinders. The distance apart of the clamps was regulated by 
two strong iron rods, having screws and nuts at their ends for that purpose. Thus when a seotion 
of a cylinder was hoisted by means of the shears into its poMtlon over the space between the two 
boats, the two concavities of the clamps were brought into contact with it. and the nuts being then 
screwed np, the oylinder was firmly held in place by the clamps. The shears could then be used to 
raise another section of the cylinder to its place u(ton the first one, that the two might be bolted to- 
gether. By rejieating this process the height of the cvliuder would soon become too great to allow 
the shesrs to place another section upon It, in which case the nuts of the screws were slightly 
loosened, and the cylinder was allowed to slip down slowly into the water until its top was but a 
little above the surface. The screws were then again tightened, and the cylinder again held fast 
until other sections were added and bolted to it. When there was danger that the upward pressure 
of the condensed air might lift a cylinder, the clamps were raised by the shears clear of the boats . 
then tightened to the oylinder, and a platform of planks laid upon t))eni, and loaded with stone 
The air>lock was ao arranged aa not to remiirc to be removed when a new sec- 
tion was to be bolted on This was effected as follows. Sections of the cylinder were bolteil together 
in the manner just described, until its foot rested on the bottom, with its top a few feet above high 
water. A heavy cast iron diapliraicin 1*4 inches thick, to form the floor of the 
air-lock, was then placed on top. Then was added another 10 ft high section of the cylinder, to form 
the ohamber of the air-look. These were bolted together, and then another diaphragm was added 
at top to form the roof of the air-lock. These diaphragms were furnished with openings, and with 
doors and valves oorrespondlng with those shown in Pig 17. and remained permanently In the 

cylinders when the work was finished If the depth of soil to be passed through before reaching 
rock is BO great as to require other sections of criinder to be bolted on above the top of the air-look 
this may be done to any extent, inasmuch as it is immaterial whether the air-lock is under water or 

not. To keep tbe oylinder both air* and water-tlsrbt the fares of 

the flanges before being bolted togeiber were smeared with a nilzlurc of red and white lead and cot- 
ton fiber 

(toutb bt. brid^re, Philadelphia. D. M. Stauffer, Franklin Inst. 
Jour Nov 1872. Thirteen cast iron cylinders, m 10 ft lengths, 134 ins thick: 
4, 6, and 8 ft diam; wciglung, reap, 0800, 10800, HOOO lbs, diafrains 783, 
1600, 2800 Iba reap. Inside flanges 2% ins wide, 134 ms thick, with bolt-holes 
1 34 ins diam, 5 ins apart c. c. The bottom edge has no flange. The work went 
on, day and night, summer and winter: with no interruption from the tides, 
flo^s, or float^ ice; and the thirteen cyls were sunk, fllled with concrete, 
and complete In 11 monthH ; much of which was consumed in leveling off 
the rock, and bolting the cyls to it by means of cast iron brackets. The want 
of guides caused much tilting, trouole and delay. Range oi tide abt 7 ft. 
Water abt 25 ft deep. Depth of soil, gravel, etc, 6 to 30 ft. Co«t of cylinders, 
in place, filled with concrete, 140, 1^, 192 reep per ft of total length. Three 
ganoB of men; each gang workt 4 hours at a time. 

^eatnnt St. brldse, Pblladelpbla. 1884-5. Four wrot-iron cyls, 
8 ft diam, 66 ft long, at 49** with the hor. intended as struts to prevent 
the movement of one of the abut piers. 

t^Ht iron cy llnaem have eraek ed tbrn , around their entire circum- 
ference, in many parts of the U. S. in very cold weather; owing to dllT of 
eontraetion betw the iron and the concrete filling. 

The shaded part of Fig 18 shows a transverse section of the oaiMMon of y r I lo w- 
pine timbM* and cement, for the Brooklyn tower of Eaat River (N Y) 
suspension bridge, of 1600 ft clear span. It is 168 ft long at iHittom, and 102 ft wide. 
A longitudinal section n'semhles the transverse one, except in being longer, and in 
showing more shafts J. Of these there are 6, arranged in pairs, for expedition and as 
a precaution against accident. Namely, two water-shafts J, each 7 ft by 6*4 ft across, 
for removing by buckets and hoisting apparatus, the material excavated beneath the 

caisson ; together with such 
water us may accumulate at 
0 o; tuo air-shafts of 21 ins 
diam, through >^hich air is 
forced from above, to expel 
the water from the chain tier 
G S S I) below the caisson, so 
as to allow the laborers to 
work thereat undermining; 
th(‘ ex{V>lled water escaping 
under the fiKit C D of the cais- 
son, into the river ; and two 
supply shafts of 42 ins diam, 
for admitting iabon^rs, tools, 
fte. The several shafts of course hare air-chambers on top, op the same principle M 
VUtV., to nmveut the e.scape of the compressed air in t s. 
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ihafla ^ of M iaeh teller Iron. The foot C D, nine Utttera high, is ooBtinuons, exteadisi 
entirelj around the oatison j Its bottom is shod with cast iron ; its four comers are strengthened by 
wooden knees W ft long. * ' 

From the bottom, up to the line N, K, lift, the caisson is built of borisonui layers of timbers one 
foot square; the layers orosalng each other at right angles ; and the timbers of each layer touching 
each other well foroed and bolted together; and all the joints tilled with pitch. To aid in prerenting 
leakage, the nuu and beads of the screws bare Inoia-mbber washers , also all ouUide seams, as well 
as all the seams of the layer of limbers N, N, are thoroughly oalk^; and a layer of tin, enclosed 
betwMo two iMers of felt, is placed ouuide of each outer joint; and over the entire top of the layer 
next below n, N. 

When the caisson was built up to N, N. on land. It was launched, fioated into position, and anchored; 
alter which were added for sinking it. fifteen courses of timbers one ft square; and laid one ft apart 
In the clear; with the inierrals filled with concrete. The top course A B is of solid timber, to serve 
as a floor for supporting machinery, Ac. It was sunk some ffeet below the very bottom of the 
river, In order to avoid the teredo. 

Cribs are sunk outside of the caisson, to form temporary wharves for boats carrvine awar excavated 
material ; and for vessels bringing stone, dn. ^ ti j 

When the caisson was sunk, and the water forced out from the chamber or space C fi S T) workmen 
uniformly the enclosed area of river bottom, so as to allow the caisson to descend 
slowly unUI it reached a firm substratum. The space C 8 S D, as well as the shafts, was then filled up 
■olid with concrete masonry. A coflhr-dam was built on top of the caisson , and in it the regular 
masonry of the tower was started. The toUl height of this tower including the caisson, is about 300 
ti For full details see report. lf<73, of W. A. Roebliug the chief engineer 


Hollow cylinders, or other forms of brickwork or ma- 
sonry, with a stronn curb or open nug ol timber or irou beneath them, may be 

gradually sunk by undermining aud excavating from the inside , and form very stable foundatiouB. 
Under water this may be done by pro)>erly ehap^ scoops, with or without the aid of the diving-bell, 
according to the drpth, dc. On land it will often be the most economical and satisfactory mode, 
especially in firm soils. The descent may be assisted by loading them, if, as sometimes happens, the 
friction of their sides against the earth outside prevenu ttieir siuxiug by their own weight. A brick 
cylinder, 4fi ft outer diam, walls .S ft thick, has been sunk 40 ft in dry sand aud gravel, without any 
difficulty. It was built IH ft high, (on a woodim curb 21 ins thick,) and weighed 300 tuns before the 
ainkiug was begun. The lutennr earth was excavated slowly, ao that the sinking was about 1 ft per 
day ; the walls being built up as It sank. Tunnel shafts are at times so sunk. 


On the Rhine Tor a coal Hhaft, a brick cylinder 2/>U feet diam was first thus 
sunk by Its own weight Ih ft Ihrongh sand and gravel; tbeu an interior one, 13 ft diam, was sunk in 
the same way to the depth of 256 ft below the surface . of which depth all the 180 ft below the first 
cylinder wu a runuing iiuicksand. At 256 ft friction rendered the cylinder immovable. The quick 
land was removed by boring ; no pumping was done; but the water was permitted to keep thecyl full. 

The entire foundation for a large pier of masonry has been sunk in this manner, in a single mass ; 
a sufficient number of vertical openings being left In it for the workmen to descend, or for tools to be 
inserted for undermining. This is generally a very slow and tedious operation, especially under 
water. It may often be expedited by diving-bells or by diving-dresses. It will geuerally be better to 
make the mase wider at bottom than above it, su as to diminish friction against the ouuide earth. 
On land, water may at times be used for softeuiug the bottom earth. By keeping the luierior of suoL 
hollow masonry dry, 't may even be buUt doumward from tbe surface; by uudermiolug only a por- 
tion of lu circumference at a time, flttiug said portion with masonry, aud then removing and filling 
the other portion ; and so on m successive stages of 2 or S ft downward at a time. This mode may bt 
adopted also when friotiou has stopped the sinking of a mass by its own weight when undermined. 

The BAod pump as used at the St Louis bridge will often lie of service in rais- 
ing sand from oylluders while being sunk in water. With a pump pipe of 8,5 ins bore, and a water 
jet under a preseure of 150 lbs per sq inch, 20 oub yds of sand per hour were raised 135 feet. A Jet of 
air has alao been suooessfuUy used In tbe same way. m at tbe Bast River, N Y, suspension bridge, Ao. 

FiMCineA. On marshy or wet quicksand bottoms, foundations may be laid by 
first depositing large areas tif layers of fascines, or stout twigs and small branches, 
Htnmgly tied together in bundles from « to 12 tt long, and from 6 ins to 2 ft in diam. 

The layers or strata of bundles should cross each other. A kind of floating raft or large mattress 
Is first made of these, and then sunk to the bottom by being loaded with earth, gravel, etonea, Aq 
in this manner tbe abutmenu and piers of the great suspension bridge at KielT, in Russia, with spana 
of 440 ft, were founded in 1H52, on a shifting quicksand. There tbe fascine mattresaea extend 100 ft 
tevoud tbe bases of the masonry whiob rests upon them 
raaoines may te used in the same way for anstainiug railway embankmeuu, Ac, over marahy 
ground, but they will settle considerably. 

filind-pllefli. We have already alluded to the use of sand well rammed in layers 
Into trenches or foundation pits ; but it may also be used in soft soils, in tbe shape 
of piles, A short stout wooden pile is first driven 6 to 10 teet or more, according to 
tbe case. It is then drawn out, and the hole is filled with wet sand well rammed. 
The pile Is then again driven in another place, and the process repeated. The inter- 
vals may be from I to 3 ft in the clear. Platforms may lie used on these piles as on 
wooden ones. If tbe sand is not put in wet, it will be in danger of afterward sink- 
ing from rain or spring water. In this case, as with fas'^ines, it is well to test the 
foundation by means of trial loads. Some settlement must inevitably take place 
until all the parte come to a full bearing ; but it will lie comparatively trifling. The 
same occurs In every large work to some extent ; as in a roof or arch of ^eat span, 
whether of wood, iron, or masonry ; so also with all tall piers, walls, Ac, 4c. Sandy 
foundations under water should be surrounded by stout well-driven sheet- piling, fa 
prevent the enclosed sand from running out in case tbe outer sand is washed away 
and should also be defended by a deposit of random-stone. 
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Oa bad bottoms under water, urnall artificial islands of good soil hsYe 
been deposited ; and the masonry founded upon them. Canal locks and other 
Structures may at times be advantageously founded in this way in marshy s^ils. 
If necessary, a depth of several leet of the bad soil may l»e dredged out before the 
firmer soil is deposited ; and the latter may be weighted by a trial load to test its 
stability. 

The mode of laying a foundation uiidei water, by building the masonry uism 
a timber platform above water, upheld by strong screws, and lowered into 
the water as the work is tinisbed m the oiien air, a course or two at a time, has 
of late been much employed with entire success, in large bridge-piers in deep 
water. It however is not new. It was suggesteii more than 100 years ago by Belidor. 

Piles are driven 6 to 10 ft apart around the space to be occupied by the pier; 
having their tops connected by heavy timber caji-pieces. These last uphold the 
screws, which work through them. The whole is braced against lateral motion. 

A CLUMPOP PILKS WELL DRIVES ; and then enclosed by an iron cylinder sunk 
to a firm bearing, and filled with concrete, is an excellent foundation. The piles 
may extend to the top of the cylinder, and thus be enclosed in the concrete. Such 
an arrangement has been patented by B. Cushing, C. E., Providence, K. I. The 
cylinder and concrete serve to protect the piles from sea-worms, and from decay 
above low water ; and are not intended to support the load above them. 

STONEWORK. 

Where work is done on a large scale, bla>ting can sometimes be done at from 10 
to 20 percent less cost per cnhic yard by means of machine drilla and 
dynamite, than by hand drilla and aunnowder. Ordinarily, how- 
ever, the cotit la about the aame,aud the advutiiageof the newer methods 
consists rather in economy of time, convenience, and naving the work more 
entirely under control. In ordinary railroad work in average bard rock, and when 
common labor costs SI per day of ten hours, the cost per cubic yaul, for loosening, 
will ordinarily range between 30 and 60cts, including tools, drilling, powder, Ac. 

Holes for blastingr* drilled by hand, are generally from to 4 ft 
deep ; and from 1J4 to 2 ins diam. €hurn-drillinK is much more expeditious 
and economical than that byyumptnj/imeiitiuneil below. Thechurn-dnll is merely 
a round iron bar, usually a l>out 1)4 insdiain.and G to 8 ft long; with a steel cutting 
edge, or bit, (weighing about a lb, and a little wider than the diam of the l>arj 
welded to its lower end. A man lifts it a few inches ; or rather catches it as it 
rebounds, turns it partially around ; and lets it fall again. By tliis means he drills 
from 5 to 15 leet of hole, nearly 2 ins diam, in a day of 10 working hours, depend- 
ing on the character of the rock. From 7 to 8 ft of holes ins diam, is aliout a 
fair day’s work in hard gneiss, granite, or compact siiiceons limestone; 5 to 7 ft 
in tough compact hornblende ; 3 to 5 in solid quartz ; 8 to 9 in ordinary marble 
or limestone; 9 to 10 in sandstone; which, however, ^mar vary within all these 
limits. When the hole is more than about 4 ft deep, two men are put to the drill, 
Artosian, and oil wells, in rock, are bored on the principle of the churn-drill. 

Tbejumper, as now used, is much shorter than the cburn-dril]. One man (the 
HoWsr) sitting down, lifts it slightly, and turns it partly around, during the inter- 
vals between the blows from uliout 8 to 12 h> hammers, wielded by two other lalior- 
srs, the strikeit. It can be u.sed for holes of smaller diameters than can lie made 
by the churn-drill ; because the holder can more readily keep the cutting end at 
the exact spot required to be drilled. It is also better in conglomerate rock ; the 
bard siliceous pebbles of which deflect the churn-drill from its vertical direction, 
>0 that the hole Incomes crooked, and the tool becomes Itotind in it. The coal 
songloinerates are by no means hard to drill with a jumper. The juniper was 
formerly used for large deep holes also, before the churn-drill liecame estatdished. 

Either tool requires resharpening at about each 6 to 18 inches depth of hole, 
»nd the wear of the steel eilge requires a new one to be put on every 2 f 0 4 days. 
IVith iron jumpers, tho top also becomes battered away rapidly. As the hole 
becomes aeeper, longer drills are frequently used than st the lieginning. The 
imaller the diameter of the hole, the greater depth can tie drilled in a given time ; 
tnd the depth will be greater in proportion than the decrease of diam. Under 
limilar circumstances three laborers with a jumper will about average as much 
lepth as one with a churn-drill. 

The hand-drill, in which the same man uses both the hammer and the short 
Irill, Is chiefly used for shallow holes of small diam. With it a fair workman 
irlll drill about as many feet of bole from 6 to 12 ins deep, and about ^ Inch diam, 
M oue with a churn-drill can do tu holes about 8 ft deep and 2 ins diam, in the 
iroe time. Only the jumper or the hand-drill can wi used for boring hohi 
Vluch are borizoutal, or much inclined. 
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Cost of qnarrjingr stone. After the preliminary expeneefi of purchasing 

the Bite of a good quarry ; cleaning off the surface earth and disintegrated top rock ; 
and providing the necewBary tools, ti ticks, crant-s, Ac; the total neat expenses for 
getting out the rough stone for masonry, per cub yard, ready for delivery, may be 
roughly approximated thus: Stones of such sizes as two men can readily lift, meas* 
ured ir» piles, will cost about as much as from to the daily wages of a quarry 
laborer. Large stones, ranging from ^ each, got out by blasting, from 

1 to 2 daily wages per cub yd. Large stones, ranging from 1 to cub yds each, in 
which most of the work must be done by wedges, in order that the individual stones 
shall come out in tolerably regular shape, and conform to stipulated dimensions; j 
from 2 to 4 daily wages per cub yard. The smaller prices are low for sandstone, 
while the higher ones are high for granite. Under ordinary circumstances, about 
cub yds of good sandstone can be quarried at the name coot as 1 of ^nite ; or, 
in other words, calling the cost of granite 1, that of sandstone will he so that 
the means of the foregoing limits may be regarded us rather full prices for sandstone; 
rather scant ones for granite; and aliout fair for limestone or marble. 

C'oHt of dresaiiiic stone. In the first place, a liberal allowance should be 
made for wOMte. Kven when the stone wedges out handsomely on all sides from 
the quarry, in large blocks of nemly the requir<*d shape and size, from to of 
Itie rough block will generally not more than cover waste when well dressed. 1% 
moderate-siz^ blocks, (say averaging about % a cub yard each,) and got out by 
blasting, flpom !4to}4 will not be too much for stone of medium oharacter as to 
Btraiglit’splitting. About the last allowance should also be made lor well-scabblet? 
rubble. Tlie i«'iialler tlie stones, the greater must be the allowaiite for waste in 
dn-ssiug. In large oiierations, it becomes expedient to base the stones dressed, as 
far us pobsiblis at the quarry ; in order to diminish the cost of transportation, which, 
wiieu the distance is great, constitutes an important item— esi>ecially when by land, 
and on comuioti toads. 


A St'OnC'Cnttcr will first take out of wind; and then fairly patent-hammer drew, about 8 
to 10 BQ ft Of plain face in hard granite. In a day of 8 working hours ; or twice u much of anoh Infe- 
Sor draBlng Ss Is usualU b^siowed on the bedB and joints, and generally on also of br^ge 

msHon^ Ac wlit-n a tery tine finish Is not required. In good sandstone, or marble, he can do about 
V 4 more than in granite. Of jitMt hammer hnlsh, granUe, 4 to 5 sq ft. 

I'OAt of ma»oiiry. Every item ctmtposing the total cost is liable to mnch 
variation ; therefore, we can merely give an example to show the general principle 
unon which an approximate estimate may lie made ; assuiuiug the wngrea Of • 
laborer to be &) per day of 8 working hours ; and »3.60 for a mason. The 
monopoly of qnarries afl'octs prices very much.* . - 

Cost M ashlar faclns; masonry. Average size of the stones, say 5ft 
lonir2 ft wide, and 1.4 thick , or two such stones to acub yd. Then, supping the 
stone to be granite or gneiss, the cost per cub yd of masonry at »uch wa^e* 
will U Uetilng out the stone from the quarry by blasting, allowing % for waste In 

dreislng ; !« cnb yds. at fS.OO per yard tJ-J® 

Dressing 14 sq ft of face at 35 cts 

•I *62 “ beds and Joluw, at lb 


Neat oost of the dressed stone at the quarry 

Hauling, say 1 mile ; loading and unloading 

Uylng, "eluding sMffoldVbolitVng machine * 0 . 

Neat cost 

Profit to contractor, say 15 per ct 


18 26 
1.20 
.40 
2.00 


nra»liu »1U ct more if w W™ijioi|Vr,moiMoii it tie eteoee ere emeller Oe. 

Monument Issoolatlen ; from aquarry opened by themselves for the purpose. The 
per oub yd ; by the Monnw gorvloes being volunUry . The average eontraot offen for the 

Assoolal^ The wwal c2t of getting out the rough blooks at the quarry was tk-TO. Load, 

same, were Wi.Ml The a Transportation 8 miles by raUway and common road, 

nn.klll«i labor averaging tl per day. 


The Item or laying will be much Increaied if the stone has to be raised to great heights ; or if It hai 
to be much handled; as when carried in scows, to be deposited in water-piers, &o. Almost evt>r> 
large work presents certain modifying peculiarities, which must Iw left to the judgment of the engi 
necr and contractor. The percentage of contractors’ profit will usually bo leas on large works than 
on small ones. 


Cost of ashlar facingr inasonr.T> If the stone be sandstone 

with go^ natural beds, the getting out may be put at $.3 00 jx-r cubic yard. Face dressing at 26 cts 
So8t**!aid $n M ** y<l- «n»<l joints 13 cw per sq ft . say $6.76 per cub jd. The neat 

And the total cost of lar$re well soabhled ranged 
sandstone masonry In mortar, niay be taken at about $lo jier cub yd. 

Cost of large seabbled granite rnbble, nneb na is generally used an 
backing for the foregoing aalilar ; stones averaging alaiut cub yd eacii • 


Cost per 

Labor at $1 per day. cub yd of 

masonry. 

Oettlng out the stone from the quarry by blasting, allowing ^ for waste in 

■cabbling; l|cub yds at $3.00 $3 43 

Hauling 1 mile, loading and unloading 120 

Mortar; ('2cub ft, or l.b struck bushels quicklime, eltlier in lump or ground ; 

and 10 cub ft, or 8 struck bushels of sand, or gravel; and mixing I . .. 1,10 

Scabbling; laying, including scaffold, hoisting machinery, 2I>0 

Neat cost 8 6.7 

Profit to contractor, say 15 per ct. 1 30 

Total Cost 9 93 


Common rnbble of small stones, the nvenige m/.e being hucIi :ih two 
men can handle, costs, to get it out of the quarry, aiMoit 80 ete per yard of pile, 
®r to allow for waste, say Uaiiling 1 mile, $1.00 It can be roughly seabbled, 

and laid, lor $1,20 mure ; mortar aa foregoing, $1.50. Total neat cost, W.70 , or, with 
15 per ct profit, $5.40, at Ihe above wages for labor. 

With smaller stones, such as one man can handle, we may say. stone 76 cts, hauling $1 •’ 
mying andsoalTold tool* 4c, $1, mortar $1.50 Making the neat roNi $4 2U, or with 15 j>er cl profit. $4.?i3 
Neat seabbled irregular range- work costs from $2 to $3 more per y 4 than rubble, areordiug to the charac- 
ter of the stone 4c. The lay ingof thin walls costs more than that of thick ouoa. am h aa abutiiieiiis 4u 

The cost of plain H inch thick ashlar lacings tor dwellings Ac m 
Pbllada, in 1888, H about as follows fier square foot showing, pul up, including fveryibing. Sand 
stone, $1.50 to $2 23. PeuusyUania marble, $2.50. Mew Knglaiid marble, $2 75 to $.1.25 Granite, 
$2.25 to $2.73. If6 ms thick, deduct onc-efghth part First clasS artificial SfOnc 
could be made and put up at one third the price. North Rlvcr blllC StonC 

flags, S ins thick, for footwalks, pat down, including gravel 4o, 70 cu per sq foot Belgian 
•treet pavement, with gravel, complete, $3.r>() per sq yard in Ka.8tern cities. 

When dnjssed ashlar facing la bucked by rubble, the expense per cub yard of the 
entire mass will of course vary according to the prtqxii lions of the two. Thus, il 
ashlar at $12 per yd, is backed by an equal thickness nf i ubbicut So, the moan co>f 
will tie f$12 -f 85) -i- 2 = 88.50; oV if the rubble i'. twice as thii k a.s the ashlar then 
(812 + 85 + $5) -i- 3 - 87.:i:{, Ac. Kii<‘h compoiin«l walls are weak and 
apt to separate in time, as also walls of cut stone backtsl by concrete, or by brick ; 
from unequal seltleiueiit of the two parts. 

At times the eontructor must be allowed extra i® opening new quarries, to forming 
abort roads to bis work ; in digging foundations ; or for pumping or otherwise draining them, when 
Springs are unexpectedly met with ; for the centers for arches, 4o, unless these Items are expressly 
Included in the contract per cub yd. 
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Art. I. A retalutne-wnll is one for sustaining the prnsnn 

of earth, sand, or other filling or hacking^ de|M>8ited behind it after it is built; in 
distinction to a face-wall, which ih a similar structure for preventing the fall of 
earth which is in its undistuihed natural position, buj( in which a vert or inclined 
face has lieen excavated. The earth is then in Bo consolidated a condition as to exert 
little or no lateral pres, and therefore the wall may generally be thinner than a 
retaftiing one. 

This, however, will depend upon the nature and 
poiuiuD of the strata lu which the face is cut. If 
the strata are of r.>ck. with interposed beds of clay, 
earth, or sand ; and if they dip or incline toward the 
wall, it may require to be of far greater thicknesa 
than any ordinary retaining- wall ; because when the 
thin scams of earth become softened by infiltrating 
rain, they act as lubrics, like soap, or tallow, to fa- 
cilitate the sliding of the rock strata , and thus bring 
an enormous pres against t!>e wall. Or the rock may 
be set in motion by the action of frost upon the clay 
seams ; or, as sometimes occurs, hr the tremor pro- 
duced by pasBing trains. K\en if there be no rook, 
still if the strata of toil dip toward the wall, there 
will always be danger of a similar result; and addi- 
tional precautions must be adopted, especially when 
the strata reach to a much greater height than the 

wall. A vertical wall has both co 

and d e vert. 

Experience, rather than Iheo- 

r^^, liiubt Ik* <1111 guide iii the building of 
both kinds ol wall. We recommend that 
the lior tliickncHS a l\ Kig l,at the base ot a 
vert or ueai ly vert retaiuing-wall cdb 
which sustains a backing ot either sand, gravel, or earth, level with its top cd, 
as lu tlie tig, should nut be less tliaii the tollowiog, in railroad practice, when the 
louudatioiis are not more than about throe leet deep. 

When the backinic is deposited loosely, as nsiial. a» when 
dumjted /nmi carls, cars, <frc. 

Wall of aU-sionr or of first-class large ranged rubble, 

in mon<ir.,..ja,.h ,35 of its entire vert height d b. 

“ good common scabbled mortar-rubble, or brick. .4 “ “ “ “ 

“ well-scabbied dry rubble 5 “ “ “ “ 

With good masonry, however, we may take the height d s instead of d h, and then 
the above proportions of d x will give a sufficient thickness at the ground-line o s. 

When the backing itt fioniewhat conMolidateil in hor layers, 

each of these ihickuesses may be reduced, but no rule can bo given for this. 

The offset o «, in front of the wall, is not included ui these thicknesses. 

When, however, the backing ts a pure clean eand. or gravel, we should on only the full dtnen- 
■ions : Inasmuch an the tremor, caused by passing trains, would Dcutralise any supposed advantage 
from ramming materials so devoid of cohesion. Such sand may bo rammed with much advantage 
for the purpose of .lompnctiiig It in foundations; but a diff principle is involved in that case. When 
It IS done even with eohesivo earths, with a view of saving masonry In retaining- walls, it is probable 
that the expense will generally be found quite equal to that of the masonry saved. 

'*'he base at ir Fig 1, is of the height bd. In the foregoing thicknesses at base, the baek dS 
or the wall is supposed to be vert , and the face ca either vert, or battered (sloped or inclined back- 
ward) to an extent not exceeding about IX inches to a foot; which limit It Is rarely advisable to ex- 
ceed In practice, owing to the bad etfeot of rain, Ao, upon the mortar when the batter Is great. The 
base of a vert wall need not in fact be as tblok as one with a battered face ; but when the batUr does 
not exceed 1.5 iuohes to a foot, the diff Is very small. See Table, Art T 

R«m. 1. A mixture of fiand. or earth, with a larpre 

OF KOonD aowLiiKEs paving pebbles, fto, will weigh oonsiderably more than the 
used for hacking , aud will exert a greater pres against the wall ; ths thickness 
increased, sai about oue-cighth to one-sixtb part, when such backing has to be used. 

Rem. 2. Thu wall will be struurer if all the eonrsest of masonry be laid 
with an Inclination inward, as at oeb; especially if of dry masonry, 
or if time cannot bo allowed (us it always should he, when practiixible) for the mor- 
tar to set properly, before the backing is dupoeited behind it. The object of incline 


proportion 

materima ordinarily 
of whiob should M 
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|n« the courses, is to place the joints more nearly at right angles to the direetion 
/P, Figs t5, 7, and 8, of the pres against the hack of the wall; and thus diminish 
the touden<<y of the atones to slide on one another, and cause the m all to bulge. 

When the courses are hor, there is nothing to pre- 
vent this sliding, except the friction of the stones, one upon the other, when of dry 
masonry ; or friction and the mortar, when the last is used. But if, as is trequently 
the case, (especially in thick and hastily built walls,) this has not had time to harden 
properly, it will oppose but little resistance to sliding. But when the courses are 
inclined, they cannot slide, without at the same time being lifted up the inclined 
planes formed by themselves. In retaimng-walls, as in the abuts of important 
arches, the engineer should place as little dependence as possible upon mortar ; but 
should rely more upon the position of the joints, fur stability. 

An obiieotiOD to thli inelining of the Joinu in dry (without mortar) walU, li that rain-water, falllnc 
on the battered face, ii thereby carrle<l luward to the earth backing, which thus becomes soft, and 
settles. This may be In a great measure oh«iated by laying the outer or face-courses hor, or by 
using mortar for a depth of only about a toot from the faoe. The lop of the wall should be protected 
by a copiug c d, Fig 1, which had better project a few ins la front. After the masonry has been 
built up to the surface of the ground, the foundation pit should be tilted up , and it is well to con- 
solidate the hlllng by ramming, especially in front of the wall. 

The back dbi»f the wall Hhonid be left rouirh. In brickwork it 

would be well to let every third or fourth course projeot an inch or two. This increases the friction 
of the earth against the back, and thus cauaes the reaultaut of the foroea acting behind the wall to 
beoome more nearly vert; and to fall farther within the base, giving increased stability. It also con- 
duces to atrength not to make each course of uniform height throughout the thickness of the wall , 
but to have some of the stones (especially near the back) sufllciently high to reach up through two or 
three eonraea. By this means the whole masonry becomes more effectually Interlocked or bonded 
together as one mass, and therefore less liable to bulge. Very thick walls may consist of a facing 
of masonry, and a backing of concrete. 


Rbm. D. It is the pres Itself of the earth against the back, that creates the friction, which in turn 
modltles the action of the pres , is the wt or pres of a body upon an inoUned plane produces frlciiop 
between the body and the plane, sufficient, perhaps, to prevent the body from sliding down it. A re- 
taining-wall is overthrmm by being made to revolve around its outer toe or edge e, Fig 1. as a ful- 
srom, or tnrning-polnt; but in order tboi to revolve, its back must first plainly rise , and in doing 
so must rub against the backing, and thus encounter and overcome this fricuon The 
friction exists the same, whether the wall stands firm or not , as in the cue of the 
body on an inclined plane ; the only diff U that in one cue it prei tntt motion ; and 
In the other only retards it 

Where deep freesinip occurs the back of the wall should 
be sloped forwards for 3 or 4 ft below its top as at c o, which should be quite smooth 
10 u to lessen the hold of the frost and prevent displacement. 




Bev. 4. When the wall is too thin, it will uenerallv fall 
by bulKiufr outward, at alnmt % of heiichl above the 
irround, an at u, in Fig J. A nlight bulging in a new wall 
does not necessarily prove it to be aetuiiliy miKafe It Is 
generally due to the aewnesH of the mortar, and to the 
greater pres exerted by the fresh backing ; and will often 
cease to increase after a few months. It need not excite 
apprehension if it does not exceed \>i inch for each fiwt in 
thickuosH at a. See Remark 3, Art ?. 


Art* 2* The yoang engineer need not in praotiee oonoern himself pwrtleulsrly about the eaacisa 
il> nmav or hib iscmio. or about the abolb or BLorB at « hich U will stand ; for the material which 
M deposits behind his wall one day. may be dry and incoherent, so as to slope at 1 if to 1 , the nect 
lay rain may oonvert it Into liquid mud, seeking its own level, like water ; the next it may be ice, 
Htpable of tastainlng a considerable load, as a vert pillar. 

Moreover, be cannot foretell what may he the nature of his hacking; for, as a general rule, this 
nust oonilit of whatever the adjacent excavation may produce from time to time ; iiind to-day, rook 
»-morrow, Ac. Retaining- walls are therefore usnally buiU liefore the engineer knows the character 
if their backing; so that in practice, these theoretical oonsideratlons have comparatively but little 
veight. Theory, unoontrolled by observation and ooramon sense, will lead to great errors in every 
lepariment of engineering; but, on tbe other hand, no amount of exjierlenoe alone will compensate 
br an ignorance of theory. Tbe two mnsi go hand-in-hand. 


Again, the settlement of the backing under Its own wt* aided 
iy the tremors producorl l^y heavy trains at high spi«»d; its expansion by frost, or 
by the infiltration of rain; the hydr«»tatic pressure arising from the admission of 
the latter through cracks pnslnced in the Imcking during long droughts ; as well Es 
ts lubricating action upon it, (diminishing its friction, and giving it a tendency to 
ilide,) kc., exert at times quite ns powerful an overturning tendency an the legitimate 
theoreti(»l pres does. The action of these ogeni'ies is gntdual. Caniful observation 
of retadning-walls year after year, wilt often show that their battered faces are be- 
coming vertical. Then they will begin to incline outward ; and r /entually the wall 
will fail. I^eory omiiA loads that may come on backing iucreasiug its pres. 
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AsBrnnisg the theoretical views advanced by Profeasor Moseley to be correct as 
theories, the thicknesses which we have recommended in Art 1, for mortar walls, 
correspond to from 7 to 14 times; and for dry m'uIIs about 10 to 20 times, the pres 
SBSigned by him ; and we do not consider ours greater than exjsirieiice has shown 
to be necessary. See Table 3. Ketaining-walls designed by good engineers, but in 
too close accordance with theory, (which assumes that a resistance equal to twice 
the theoretical pres is sulhcient,) have tailed; and the inference is fair that many of 
those which stand have too small a coefficient of safety. 


The fact Is, (or at least so It appears to us,) there must be defects In the theoretical assumptions of ^ 
lome of the most prominent writers who give praotical rules on this subject. Thus Poucelet, who* 
lertaiuly is at their head, states that his tables, for practical use, give thicknesses of base for sus* ' 
aiuiug 1 times the theoretical pres ; and this he considers amply safe. Yet, for a vert wall of cut 
p-anite, bis base for sustaining dry sand level with the top, as in Pig 1, is .85 of the vert height; 
and for brick, .45. Hut the writer found that teken Mot subject to tremor, a wooden model of a vert 
wall, weighing but 'l» tts per cub ft, and with a base of .35 of its height, balanced perfectly dry saad 
{loping at to 1, and weighing Ki) lbs per cub ft. 


Now, IHK KKBIKTANCK OP SIMILSK WALLS, OF THK BAMK DIMKN8IOKB, 
VAKias AS TUKiK sPKcivic oKA\ iTiUM ; and, since granite weighs about 1K5 
lbs per cub foot, or 6 times as much as our model, it follows, we conceive, 
that a wall of that material, with a base of .35 of its height, must have 
s resistance of 6 times any true theoretical pres, instead of only ] H 
times ; and that his brlok wall must have about 6 times the mere bal- 
ancing resistance. Our experiments were made in an upper room of a 
strongly built dwelling ; and we found that the tremor producetl by pass, 
iug vehicles In the street, hy the shutting of doors, and walking' about 
the room, sufficed U> gradually produce leaning in walls of considerably 
more than twioe the mere balancing stability while quiet; and it ayipears 
to ui that the injurious effects of a heav'' train would be comparatively 
^ulte as great upon an actual reuintng wall, supporting so fneohesive 
a material as dry sand. 

Mince, therefore, Fencelet's wall is in this instance sufficiently stable 
for jiraciice, it seems to us that his theory, which neglects the eflect of 
tremors, Ac, must be defective. He also gives of the height as a suf- 


ficiently safe thickness for a vert granite wall supporting etxff earth ; 
poet that very few engineers would be willing to trust to that 


but 



we suspect that very fi 

portion, when, as uinal, the earth is dumped in from cartt, or cart ; eipe* 
dally during a rainy period. If deposited, and consolidated In layers, 

theory oould soareely assign any thickness for the wall ; for the backing thus becomes, at It were, a 
mass of anbnrnt brick, exerting no hor thrust; and requiring nothing but protection from atmoapberle 
infiiience, to insure its stability without any rrtamfny-waU. It is with great diffidence, and distrust 
in our opinions, that we venture to express doubts respecting the sssnmptlons of so profound an in- 
vestigator and writer as Poncelet; and we do so only with the hope that the views of more oompe- 
teut persons than ourselves, may be thereby elicited. Our own have no better foundation than ex- 
periments with wooden and brick models, by ourselves ; combined with observation of actual walls. 


Art, 3. After a wall a 6 c o, Fig 3, with a vert back, has been proportioned by 
our rule in Art 1, it may be eonwertdHi Info one with an oflkefleo 
back, as a t' n 0 . This will present greater resistance to overturning; and yet con- 
tain no more material. Thus, through the center t of the hurk, draw auy line in; 
from n draw n t, vert; divide » * into any rrm ufimber of equal parts; (in the fig 
there are 4 ;) and divide * n, into one more equal parts : (in the fig there are 5.) From 
the points of division draw hor, and vert lines, for forming the offsets, as in the fig. 

In the offsetted wall, the cen of grav is thrown farther back from the toe o, than 
in the other, thus giving it increased leverage and resistance; but vithin ordinary 
practical limits, the diff is very small ; and since the triangle of supported earth is 
greater than when the back is vert, its pres is also greater , so that pro^bly no ap- 
preciable advantage attends that consideration. The Incrcft®® of fhlchncsii 
near the bane, dlnilnlwheii. however, the 
leveran^e e «, Fljc S, of the pre* /P, of the 
earth against the Iwck. The center of pressure of 
this jires is m both cases at ]/i the vert beigh^ meas- 
ured from the liottom ; and it is therefore plain that 
the farther liack from the front it is ajipHed, the shorter 
must V a become. Moreover, in the offsetted Imck, the 
direction of the pres becomes more nearly vert tlian 
when the back is upright. It is to these causes, rather 
thau to the tlirowing back of the cent of grav, that 
the offsetted wall owes Us increase of stability ov?r 
one with a vert back. 




for vert walls with sand. They are deduced from the expenmeiiS' jiwt alluded to, 
and are but rude approximatiouH, with no Hoieutitn- bams We i'll uild not have in- 
serted them, iMit for the tact that we know ot no othei> for thl^ (a'f 
The first column eoutains the vert heifrht * e. ot the curtli ns n ,ii]iiiie<l wUh the 
vert heiglit of the wall; which latter aHsnined to !..• 1 , h i that the table heginn 
with backing ot the same height as the wall, as to Kig 1 The-e \ rt walls nia> be 
changed to otheis, with buttered tuces, by Art n; oi without am -n- h piooeediiig. 
their faces may be Iwttered to auy extent not exceeding I'.,' iiieher- lo a loot, or 1 in 
8, without seiiriibly affecting their siabilitj, without iin leasuig the h,iM' 

TABLE 1. tOrigiiial ) 


uSf§ 

S5S 

lU U «C 

■S5 'u 

«5l 

-“2 < 

l"' i 

1 Wall 1 

1 1 

Cut Stone, 
in 

Morur. 

Good 

Mortar 

Kubiiie, 

Brick. 

Wall 
! of 

t good dry 
' Rubble. 

' III 

»l V M 

5-a » 

=i| 

- irt 


I Thioknex* at Base, in parts of I 
the height. ! 

Total 
comp 
of tb 

1. 

.35 

.01 

.50 

1 2 

1.1 

.42 

.47 

57 

1 2 5 

1.2 

.48 

.51 

61 , 

X 

1.3 

.48 

.54 

.64 '{ 

4. 

1.4 

.51 ! 

.56 ' 

.60 1, 

6 

1.& 

.52 1 

.57 ; 

67 ' 

» 

1.6 

.54 1 

.5» 1 

.6» 'l 

14 

1.7 

.56 

.60 1 

70 

85. 

1.8 

.56 

.61 , 

.71 

or more 



Art. 5. But when the slope n r. Fig 5, of to 1, starts from the outer edge n 
of the wall, greater thickness is required. Poncelet gives the following for this 
case, for dry sand. 

TABLE 3. 



When the earth reachee above the top of the wall, as Id Fig* i ani ri the wall i« MUrcharired ; 
and the earth that is above the top. It called the new luaot When the turcharge ia narefullv deposited 
above the wall, so at to ilope back at a ateciKT angle than 14 to 1. at nay at I to 1. theory doe* not 
reqaire the will to at thick. Notwltbstaoulug Pouoelat't high potltlon, ibc writer oannot imagine 
that the base of a brick wail need be so great aa 1 4 time* tta height for any height of eand whatever. 

Art. e. On the tbsKkry of retain! nK-wall». Let & c a m, Fig 6, be 
such a wall, upholding backing or filling ctmgt the upper surf c • of which is 
hor, and level with the top //c of the wall; and let ms represent the natslo|>e of the 
«art.h which composes the hacking ; Iwing hor. 

Abundant experience on public worksahowa that thU iilope, whether for sand, grniel oreartu 
whan dry, nay be practically Uken at >4 to 1 ; that ia, IH hor. to 1 of vert nieaauretnent: which 
sorreeponds to an angle e w p of 41' wUh the hor; irhioh it aleo about the angle at which bricks 
Bid roughly dre»*ed masonry begin to elide on each other. TbU angle, however, variee oviwldem 
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blT , beini treailj infiDcaoed by th« (l«fre« ef dryneu, or dunpaoti, of the moterUl ; §o that niodo* 
ruU-ly damp ■aad or earih will lUud at a aiopo or 1 to I, or at an aokVo of ib°. ’Wbatorer It may be, 
it 111 called Till AMULs in' hat atora of the material under eoniideraUoo. In tbeoretioal ealenJationf 
'ur walls, It Is safest to assume (as we hare done throughout) that the backing it perfeotlj dry, aioM 



so doing by the wall. 

It IS assumed in all cases, that the wall Is secured from tUdtng along Its basc.ArtS, that ills 
thick enough to prevent failure by hulginfi . and that It will fall only by overturning, by routing 
around lu toe, a, as a fulorum. The thiwness neeeosarr to insore safety against the last will also be 
snfDoient to prevent bulging. Now refbrring only to Pig 6 with a vert back, if the angle o m s, eon- 
talned between the natural slope m s, and a vert line n o, drawn from the inner bottom edge m of 
(be wall, be divided by a line m t, into two equal angles, o m t, ( m s, then the angle o m ( is oalled 
THS AHOia, and m ( ths 'slope, or maximum paassuax. The triangular prism of earth, of which 
o m t is a section, or an end view, is called trk prism or max pebs ; because, if considered as a wedge 
aouug against the back of the wall, it would produce a greater pres upon it than would the entire 
t'tangle c m s of earth, considered as a single wedge. For although the last is the heaviest, yet it la 
more aupiKined by the earth below it. Calculation shows that if we consider the earth e m s to be 
ttius dit into wedges by any line m (, the wedge that will press most ac^st the wall is that formed 
when m ( dit ides the angle o m s, or the arc o i. Into two equal parU. But aee Art U. 

Since mp Is hor, and tn o vert, the two form an angle of 90°; consequently the angle of max pres 
Is plainly found by Ukiug the angle tmg of nat slope from 90°, sod div the rem by 2. Thus a nat 

slope of IH to 1, or 33° 41', taken from 90°, leaves &6° 18', and =- 28® 9', tlie COr> 

reapondinir anurle o m t of max pre». 

For ease of calculation, only one foot of the fengt^ of the wall, and of its backing. Is usually con- 
sidered. The number of cttft ft of wall, or of backing, is then equal to that of the square feet In 
their respective profiles, or cross-sections. 


Now, Rcc»rdinp to Moseley, if we assume the particles of earth composing the 
backing to he ]>< rfootly dry, and devoid of cohesion, (or tendency to stick to each 
other,) which is veiy iieariy the case in pure sand; and if we sup[)ose the wall to be 
suddenly removed, then the triangle of earth emt, comprised between the slope m t 
of max prea, and the vert back c tn of the wall, Fig would slide down, under the in* 
fluence of a force which may be represented by p P, acting in a dtrection y P, at right 
angles to the face c m of the triangle of earth ; (or in other words, at right angles 
to the back of the vert wall,) its center of force being at P, distant way between 
m and c, measured from the bottom ; and its amount equal to either of the following: 


Nol. 
Ho 2 . 


pret ^ of the triangle of earth c m t X o t 
y P ~ vert depth o m ’ * 

WPK of a single cub ^ ^ ^ 

Perp pres ft uf the backing X o/ o t 

yp 


See 

Art. 11. 


In view of the great uncertinty involved in the matter of the actual pressure oi 
earth against retaining-walls .u practice (see Art 2. ), and in order to furnish 

a simple rule which, although entirely unsupported by theory, is still (in the writer’s 
opinion) sufBciently approximate for ordinary practical purposes, we shall assume 
that No 1 of the two foregoing formulas applies near enough to walls wttli in- 
clined backfi c m, also, us Figs 7 and 8, (precisely as they are lettered,) at least 
nnlil the back of the wall Inelinee forward as much as 6 Ins 
hor, to 1 foot vert, or at an angle emo of 2dP 34'. What follows on 
retain inig- walls will involve this incorreet assumption, and 
must be reipsrded merely as s^lvinir safe approximation. 

Some appear to assume this perp pres to be the only one acting against the back 
of the wall; and bonce arrive at erroneous practical conclusions. For when, in 
order, to prevent this force from causing the triangle of earth to slide, we place a 
retaining'Wall in front of it, then, instead of motion, the force will produce pres of 
the earth against the wall, causing friction between the pressed surkces of the 
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earth and wall. That la, if a wall were to be^n to overturn around its toe a as a 
falorum, its back c m must of course rise, and in so doing must rub aigainst the 
earth filling in contact with it; and this rubbing would evidently act to impede the 
overturning. So long as the wall does not move, the same tnotion assists in pre- 
venting overturning. To ascertain the amount and effect of this friction, let y P, Fig 
8, represent by tcode the force perp to the back e m; and supposed to have been pre- 
vloasly calculated by the foregoing formula No 1 Make the angle 2 / P/ equal to 
the angle of wall friction,* draw y / at right angles to 
y P, or parallel to m c ; make P x equal to yf, and com- 
plete the parallelogram P y/x. Then will x P represent 
by the same scale, the amount of the friction 
a^galuMt the bach of t||e wall. 


Hence we have acting at P, two forces ; 
namely, the perp force y P. and the friction x P ; conse- 
quently, by comp ami res of force, the diag/P of the 
parallelogram P y fx, if measured by the same scale, will 
give us the amount of their resultant ; which Is the 
approx sinale theoretical force, both In 
amount and In direction, which the wall 
has to resist. Including the wall friction. 

But this force, /P, is also always equal to the perp 
fiirce y P, mult by the nat sec of the angle y P/ of 
the wall friction; (or divided by its nat cosine) and of 
course may be ascertained thus ; 



Apprmt tkeoreti _ 
calpru f P 


wt of triangU v, « . v* nat mc of angle y P 


vert depth o m 


, ^ - tot of ^ 

of wall frichon _ c m t 


cot y F r X 0 m 


Or finally, if it is assumed, as we do throughout, that the earth is perfectly dry (in 
ismuch as its pressure is then the greatest) and that the angles of nat slope, and 
Of wid: friction are then each 3.3° 41' or 1.5 to 1, then in Figs 6, 7 aud 8, if the angle 
C m 0 between the back c m aud the vert o m does not ezc^ about ‘^6° 34' we may 
Issnme 


7?*“®“' = "* c m I X .64* 

Which includes the action of the friction of the earth against the back of the wall. 

Rik. 1. When the back of the wall is oflbetted or stepped, as 

in Fig 3, instead of being simply battered, as in Fin 7 and 8, the direction of the 
ores of the earth will be the same as if the back had the batter in. 


Rem. 2. How to And both the overtnrninif tendency of the 
earth, and the resistance of the wnfl aeninst lieing overturned around its toe a as 
a lulcrum, first find tbecen of grav g of the wall, and thru It draw a vert line gh. Pro- 
long /P toward v and draw ar perp to It By any scale make so - wt of wall, and si - 
calculated pres /P. Complete the parallelogram s i n o. and draw Its diagonal sn. 
which will be the resultant of the prcs/P and of the wt of the wall, and should for 
safety be such that aj be not less than about one-fifth of am. even with best masonry 
and vnyielding soil. Otherwise the great pressure so near the toe a may cither fracture 
the wall or compress the soil near that point so that the wail will lean forward. In 
walls built by our rule. Art 1. or by table, p 010, aJ will lie more than one-fifth of am. 
The pres/P If multiplied by Its leverage av will give the moment of the pres about a; 
and the wt of the wall multiplied by its leverage ea will give that of the wall. The wall 
is sate from overturning In proportion as Its moment exceeds that of the pres. It Is 
assumed to be sate against eliding, breaking, or settling Into the soil. 


* This •ng'te of wnll friction U that at which a plane of masonry must 
be inclined to the horizontal so that dry sand or earth would slide down It. It is about 

the same as the nat slope, or 33** 41', or 1.5 to 1; and Its nat secant is 1.202, and Its 
nat cos .832. 
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Rttin. 4. If the earth slopes downward from C, as 
at A or B, instead of being hor as in Figs 6, 7, 8, use the wt of the 
earth cmn instead of cmt,mn being the slope of max pressure. 

In A the point of application will still be at P (at one-third of 
m c) as in 6, 7, 8 ; but in B it will be a little higher as explained 
below for Fig 9. 

NurcharffCKi walls are those in which the earth backing 
extends alwve the tops of the walls. 

According to theory, when as in Fig 9, there is a surcharge 
V c k of backing, sloping away from c at its natural slope e v, 
the max pres against the wall is 
attained when the earth reaches to 
tiie level of d, where the elope mid 
of max pres intersects the face of the 
uat slope c v ; so that if afterward the 
earth is raised to r, or to any greater 
height, no additional pres is thereby 
thrown against the back of the wall. 

So also if the earth slopes from b, or 
from lietween c and b, except that 
then the slope m d of max pres must 
extend up to meet this other slope. 

The approx I mate amount 

of the oblique pres, when the wall is 
surcharged, [hm in any of the Figs 4, 

6, 9,) may be found on the same prin- 
ciple as when the earth is level with 
Its top: namely, instead of the ^nVin- 
glt c mi of earth, Figs 6, 7, 8, 9, find 
'lie wt ot (i/( the earth d x ru t. Fig 4, 

‘i in t r, Fig f), or c d ia, Fig 9 (if the 
surcharge l eaches to d or r, or higher), 

between the slope m df, Fig 9, m t, Figs 4 and 6, of max pres, the back of the wall, and 
the front slope; omitting any which, like den. Fig 5, rests on the top of the wall 
(and thus adds to its stability) when the slope starts in front of c. Having found 
this weight, then fur dry backing the 



tbe earth X .648, 

Including the action of the friction of the earth against the back of the wall; near 
euimgh (in the writer's oimiion) for practical purposes in so uncertain a matter; 
lut essentially empirical. 


The tllreetlon of the preManre thus found will be the same as when the 
earth is level with the top 6c; namely, as in Fin 6 and 7, first draw a line, as PjL 
pcrp to the back c m, whether vert or inclined. Then draw another line, as P/ 
making the angle yV/~ the angle of wall friction, which we all along assume to 
lie 33°4r, or 1.5 to 1. Then P/ will give the direction of the pressure. But its 
point of application will not always l*e at P (one-third of the height of the wall 
above wi) as heretofore; for in all cases it will be at that point P,or at some 
hijghor one as h, where the l«ck is cut by a line J P or e h, Fig 9, drawn from the 
een of grav of the sustained earth (omitting any that rests immediately on the top 
6c), and parallel to the slope md of max pres; and such a line will strike atone* 
third the height of the wall only when the sustained earth tc m or dem forint • 
OOmplrtO trlAnxlr, one of whose angles is at the inner top edge c of the wall* 
Inou other casee s^d line for a surcharge will strike above P. 
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Art. 7. On page 603, Fig 1, we recommend that the base o < at the ground- 
line of well built vertical walls should not be less than or .4, or .6 of the 
height ds above Haul line, depending on the kind of masonry. But a wall with a 
battered (inclined) front or face as found by Art 8, (by which the following 
table was prepared), will be as strong, and at the same time contain less masonry 
than a vert wall, although the battered one will have the thickest base o$. 

Table 3, of thiekneAsieH at base o F1|P 1, and at top e d, of 
oralis with battered faces, so as to be as strong as vertical 
ones which contain more masonry. 

For the cnb yds of masonry above o s per foot run of wall, mult th« 
square of the vert height ds by the numlier in the column of cub yds. Then 
add the foundation masonry below os. • 


(Original.) 


Ail the walls below have the same strength 
as a vert one whose base o «, flg 1= .35 
of its ht ds. 

All the walls below have the 
same strength as a vert one 
whose base o s, Ug l=r 4 
of its ht ds. 

All the w 

one wl 
.5 of It 

alls belo 
irength 
oHe base 
A ht d s. 

w have the 
as a vert 
os, fig 1- 


Cut stone 


Mortar rubble. 

Dry rubble. 

Batter, in 
ins to a ft. 

Rase, In 
pts of 
ht. 

Top, In 
pu of 
ht. 

C yds per 
ft run 

Base, In Top, in 
pu of 1 pts of 
hi ht 

C yds per 
ft run. 

Base, in 
pu of 
ht. 

Top, in 
pu of 
ht 

C yds per 
ft run. 

0 

ario 

.360 

.01296 

.400 

.400 

.01482 

,500 

.500 

.01852 


.362 

.310 

.01226 

,401 

.369 

01407 

.:>oi 

4.W 

,01778 

.355 

.270 

.01158 

.403 

.320 

.01339 

.503 

420 

.01709 


.359 

.234 

.01098 

.408 

.283 

01280 

.506 

.381 

.01643 

2^ 

.364 

.197 

.010.19 

.413 

.246 

01220 

..510 

.343 

.01580 


,371 

.163 

.00989 

.419 

.210 

OlliM 

.516 

.308 

.01526 

3 

.379 

.129 

.00941 

.425 

.175 

.01111 

522 

.272 

01470 


389 

.096 

.0089S 

.435 

.143 

.01070 

.528 

.236 

.01416 

4 

.400 

.066 

.0086.3 

.446 

.110 

01028 

.537 

.204 1 

.01372 

5 

i .425 

.007 

.00800 

.468 

.051 

.(Kl'Uil 

.555 

.138 ' 

01283 

Triangle 

! .4'29 

.000 

00794 

.490 

000 

1 OIK407 

.612 

.000 1 

1 .01138 


Moseley and others quote Gadroy, for a nav havo hlopih<i at 21 It would Ik* letter to cease from 
oirculatins snch evident mistakes Dry sand will stand at no less angle for a savant than fur any- 
body else. For practical purposes, we may sav that dry sand, gravel and earths, rtope at 33'’ 41 or 
1 to I ; as abundant exf^ri'iice on railroad enihkls prures. Poncclct gives tables for walls to sup 
port dry earth sloping at 1 to 1, or 4.V', but as we do not beliete in the existence of such earth, w* 
omit such ubies. Sand gravel and earths mav lie moistened to di(f <k-gr(H>s, ho as to stand at any 
angle between hor and vert, and liv moisteuing and rammiug the earths niav 1 h> oou\erted Intocom^ 
naot masses, exerting little or no pres, and may eien h>> continue alter thei become dr> ; N-Ing then 
In fact, a kfod of air-drlod brick. It is sometimes difficult to know whether earth or sand Is perfeetlv 
dry or not; aod an szceedinyfy small degree of moisture will eauHe them to stand at I to 1 in 
heaps, such « hare probably been observed by the authorities on the subject The writer found that 
flne sand from the sea shore, and under cover, would stand at i 4 to 1 during warm dry weather, and 
u I to 1 when the air wm damp. Yet no dlff whatever in its degree of mnUturr was' perceptible to 
Ae feeling. lu snsoeptlbl Ity to dampness was of course owing to salt A few handfuls of dry earth 
may perhaps be OMuetted Into standing at 1 M I on a table . but so far as our observaUon extends, 
when it Is dumped In large quantities from carts and wheelbarrows. Its slope U about IMi to I ; and 
this we considw the proper one to t>c used In practical oaleui«tlon». where safety Is the consideration 
of paramount imporUnoe. ^ 


^1.^* I**? *1**® Arcihter let the prcM : nml since th? 

-hr IKTfcrtly dry. Emitting of coum> its condition 

when 80 abdo utcly lOft hB to limirao partially fluid.) we l.ave. on tho .core of aafoty, 
aTx,."?? ^ I? backing. As stated in Art 1. we cannot ree,omraend dimen- 

aions less tlian thosa there given, when we ctuisider the rough treatment to wbirh 
maaonry is exposed on public works 

wlon* dunffcroiiM prccipiccfi, we should 
at times to make thicker walls. We imagine, for instance, that 
the centrifugal fon;e of a heavy train, whirling arotmd a sharp curve, convex on the 
dangerous side, should not be overhmked in designing walls for such liM^alitles. Tliif 
force is hor; and i^s applied near the top of the wall : and, conKennently, Its lererag# 
may ^ considered as equal to the height; whereas the theoretical pres of the earth 

IkT.? T®: *"'1 . i ; so that Its leverags 

about the toe of the wall is very short Moreover, the simple wriqht of the train, pro* 
pres against the wall ; as w ell as that of the backing. All'siich considerations 
ars omitted by theorisU. The dangerous pres caused by tremors. Ac, cannot bs 
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upumed to be applied at of the tiei^ht from the bottom ; nor indeed, can it be 
calniliited at all. 

Rem. ‘2. Wharf wallM are an instatiee where tiie thicknees slio'ild l>e increased, 
notwitiistandinn that the pres of the water in fr«>iit helps tr) sustain them. Tiie earth 
behind such walls, is not only liable to bo very heavily loaded when vessels are dis- 
charging; but IS apt to become saturated with water, especially below low-water 
level ; and thus to exert a very great pres against the walls. Moreover, the water 
gets under tlie wall; and by its upward prtwsure virtually reduces its weight, and 
consequently its stability. The same cause of course diminishes the friction of the 
wall upon Its base. Such walla an*, therefore, very liable to slide, if the foundation 
IS smooth, and horizontal ; and have done so even when the foundation had a con- 
siderable inclination backwaid, as m Fig 1. See Art 9. 

Rkm. .3. A retainlnK-wall is usuiilly In )fre*ter danger for a few months after It* completion, than 
alter time has been allowed for the mortar to harden perfectly; and for the backing to settle. When 
there aie suspicions of the safety of a new wall, it would lie well to plaee strong temporary shores 
against it, at alsiul % to of lU height aliovc ground In some cases, penuanent buttresses of 
masonry may be built for the purpose. They should be well bonded Into the wall 

Rkm. 4. The pres of the earth backing will be much reduced, if the first few feet of Its height b« 
made up in thin hor layers, to be consolidated by being used by the masons Instead of scaffolding; as 
shown at A, Fig 1. Frequently this can be done without incon’yenience ; and at very trifling cost. 

Art. 8. To ohRiive a vert retalninKT-wall, into one with a 
batterefi face, which Khali preitent an equal reaiatance 
a«rainKt overtnrninir | althoiiich reqnirinKT I<^» masonry* 

This H rtometiiacs termed a transformation of profile. (Original.) 

Let a b 0 i, Fig 10, be the vert wall. Mult its base 
» i,by l.‘2‘2& ; (1.22475 ih nearui ;) tlie prod w ill be the 
base 0 «, of a triangular wall b«e, poHseaHing the 
aame stability ; and yet not loquiriug much more 
than half tiie iiiaaoury of the vert one. See Rem 1. 

This Ijeuig done, suppose a wall to be desired with a 
bice batter, of say :i ms to a ft ; or 1 m 4. BYoni the 
[loiiit n, where the face of the triangular wall inter- 
sects that of the vert one, stop off vert any 4 short 
equal spaces ; and from the upper one w, step oft one 
sp.ii e h<ir. to V Through v and n draw the dotted 
lull ^ f, which evident h will batter 1 in 4 Then is 
It s t r, ,i}ipiii\iiiiatcl> the reipl wall, but a little 
tiiK k(‘/ than net M-.sarv. To iediic<- it, from t draw 
the dotted line t h. Shirk the jKiiut r, where this 
line intem'cts the face a i. of the vert wall; and 
through c diiiw d I. paialbd to .s t. Then is b d / o 
the reqd wall. Oui tig is drawn in an exaggerated 
m.iimet, so .IS to a\oi<l coiifiiHion in tlie lines. The 
base o f of the triangular wall, would not in reality 
be near «o great as it is represented. 

It will be ubservtHl that as the base in«reases, the quantity of masonry dimintshea 



Rem. 1 . The battered wall will in fact be aafer than the vert 
one. The battered wall has the same moment of stabilitv as the vert one; and the 
pres of I he earth against it alio remalna unchanged, but the momtnt or (endriieyof the po*- Ut upset 
the wall hat ts'emiie less. For let abwin. Fig II. repreaenta vertical wall; aod/o the umountand 
luei’ooii of pre- U-hiud it (For ease ofiltustratioa. we have placed o abuee the true ceu of pres of the 
'■irih filllug, which would be at one-tbird of am above m.) Now, the leverage with which tbU prea 


tends to overturn the wall around Its toe m. is the distva v, 
measured trom the toe or fulcrum ». and at right angles to 
the direction /oar of the pres . and this leverage mult by 
the force / o, gives the overtiirnlug tendency or moment of 
■aid force Bee “ JlomeaU and leverage-" Again, 

let any, represent a triangular wall of the same aUbillty 
as the other, aa found by our rule. Here we atlll have the 
same amount /o, and direction fotc.ot prea force against 
the wall ; but it now acta to overturn the wall any 
around the toe y; and therefore, with the reduced leverage 
y 0 Consequently, its overturning tendency is less than 
^fore Therefore, in ordinmrv language, we may say that 
the wall is stronger than before, although iU moment of 
stability, or standing tendency, has in itself undergone no 
ohange. If the pres / o against the ver% back were hor, u 
In the case of water, then lu leverage would evidently be 
the aame in both walls j and the proportion between the 
overturning moment of the pres, and the moments of 
sUbllUy of the two walls, would bo oonsunt. 

Rkm 2. In attempUng to reduce the masonry by adopt- 
- lar section : or of one 

li attention sbonld he 
near the thin toee; 
or fail under the prea. 


mg K wail. 0 b e. Fig 10, of a irianim 
nearly approaching a triangle, sfieoli 
liven to the quality of the masonry 
Which wiU AtKfirwtfifi hm ant to orftoh. 
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Bkm 8. Mobbotxb, whin cammor hortak n ffsiR without an aomixturr or gimrrt, wtaloh It mt 6 
•bouid be, m retttiuiug- wallg.irberedurRbUity Is su object, r great batter is ol^ 
tloDRble ; iuasmuoh as the rain, combined with frost, Ac, soon destroys the moi 
tar. In such cases, therefore, the baitersooulduotexoeedl orl^iinstoa ft; an 
even then, at least the pointing of the joints, and a few feet in height of bot 
the upper and the lower courses of masonry, should be doue with cement, o 
cement-mortar. We have observed a most marked diff in the corrosion of the moi 
Ur, where, in the same walls, with the same exposure, one portion has been bull 
with a vert faoe ; and another with a batter of but 1% inch to a foot. Commoi 
morur will never set properly, aud onutinue firm, when it is exposed to moii 
ture from the earth. This is very observable near the tops aud bottoms o 
abuts, retaining- wails. &c; the lime-morUr at those parts will generally b 
found to be rendered entirely worthless. A profile' somewhat like Fig 12, ma; 
at times prove serviceable, iu«tead of the triangular. This is the form of thi 
Gothic buttress ; which probably had iu origin in the cause Just spoken of. 

Art. 0. A retainingT’Wall* may itlide, wlthoni 
l?*A IQ lofiinip Ita verticality; and, indeed, without any dange; 
JclQ of being overturned. This is very apt to occur if it u built iipoi 

a hor wooden platform; or upon a level surf of rock, or clay 
Without other means than mere friction to prevent sliding. This may he obvialei 
by inclining the base, as in Fig 1; by founding tlie wall at sucii a depth us to pro 
Hde a proper resistance from the soil in front; or in case of a platform, by secnnnj 
one or more lines of strong lieams to its upper surf, across the direction in whict 
sliding would take place. On wet clay, friction inav be as low as iroiu .2 b 
% the weight of tne wall ; on dry earth, it is about ^ to ; and on sand or gravd 
about % to %. The friction of masunry on a woodei 
platform, is about of the wt, if diy ; and ^ if wel 

C'onilterforto, shown in plan at c r e. Fig 13. consist li 
an iucreaseuf the thickness of the wall, at u$back, at regular intsi 
V als of iu length. We coucoii e them to tie but liitle belter than i 
waste of masonry. When a wall of this kind falls, it almost in 
variably separates from iu counterforts ; to which it is counecte 
merely by the adhesion of the mortar ; and to asligbtexunt, by th 
bonding of the masonry, The table in drt f shows that a very small addition to the base of a wall, i 
attended by a great increase of iU strength; we therefore think that the masonry of counterfort 
would be much better, and more cheaply employed in giving the wall an additional thickness, alon 
Itt entire length ; and for the lower third of fu height. Counterforts are very generally used li 
retaining- walls by European engineers; but rarely, If ever, by Americans. 

BattrCflllCil are like counterforU, except that they are placed in front of k wall instead of lx 
hind it; and that their profile Is generally triangular, or nearly so. Tbev greatly Increase lu strength 
but, being unsightly, are seldom used, except as r remedy when a wall Is seen to be falling. 

Ijand-iiCfil, or long rods of iron, have been employed as a makeshift for npholdiiig weak it 
Uining-walls. Extending through the wall from iu face, the land ends are connected with anchor 
masonry, cast-iron or wooden posts ; the whole being at some diet below the surface. 

. BeUlinlBir walls with carved profiles are mentioned here merely to can 
tton the young engineer against building them. Although sanoiloued by the practice of some higl 
kotborltfea, they really possess no merit sufficient to oompensste for the additional expense and Iron 
bit of their construction. 


FujlS 


Art. 10. Among miliury men, a retaining- wall Is ealled » revetment. When th 
•artb Is level with the top, a scarp revetment^ when above it. a counterscari 
revetment, or kdemi-revstment. When the face of the wall is battered, a tloping ; and when the bMl 
a battered, a touMtnUping revetment. The batter U ealled the (alos. 

Art. 11. The pre« aptinet a wall Fig G, from sand etc level with itK top, ia nrt 
fimlBlahed hy reducing tlie (piaiitity of sand, until its topwidth cs heionieH lew* thar 
that (ct) pertaining to the angle c »w f of niaxiiinini pn*b. Tlie prew then tieginn to di 
Biiniah.but in practice tht dnumution Uvot on>ren<ibk tnifU thf imlth urediufd to alKUil 
one sixth of that (c t) pertaining to the angle cm s of natuml Hlojie, or alioiit half of 
« t. The pres then begiiib to decreahe mpidly as the w idth i« further reilHcad. 


Table 4. of eon tents In enb yards for each foot in lenatli 
of retalninfr-walls, with a thicknem at base equal to .4 of the vert height 
If the back ia vert. If the back is stepped according to the rale in Art 3, tbi 
proportionate thickness at base will of coarse be increased. Face batter, incbei 
to a foot; or ^th of the height. Back either vert, or stepped according to the nils 
in Arts, Fig 3. The strength is very nearly equal to that of a vert wall with a 
lose of .4 its height. Experience has proved that such wallb 

when composed of well-scabbled mortar rabble, are safe under all ordinary clrcunr 
stances for earth level with the top. Btepa or offsets, o e, at foot, Fig 1, are not her* 
Included. 
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TABlE 4. (Original.) 


Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

1 


io>4 

1 38 

20 

5.00 

29H 

10.9 

48 

•28 8 

74 

38.5 


.02H 

11 

1.51 

H 

5 23 

30 

11.3 

49 

3u 0 

76 

72.2 

S 

.050 

a 

1.65 

21 

5 51 

31 

1‘2.0 

50 

31 i 

78 

76.1 


.07H 

12 

1.80 

H 

5 78 

32 

12 8 

51 

32 3 

80 

802» • 

9 

.iia 

H 

1.9.) 

22 

6 03 

33 

13.6 

52 

3.1 8 

82 

84.1 

H 

.153 

n 

2.11 

H 

6 j:i 

34 

14.5 

5:i 

35.1 

84 

88.4 

4 

.200 

H 

2.28 

•2.1 

6 61 

35 

15.3 

54 

36.5 

66 

92 5 

H 

.25.1 

u 

2 43 


690 

m 

16 2 


.17.8 

88 

96.8 

5 

.31.1 

H 

2.6:1 

24 

7.-20 

37 

IT.l 

56 

39.2 

90 

101.3 


.378 

15 

2 81 

'4 

7.50 

38 

18 1 

57 

406 

92 

105 8 

6 

.450 

a 

3 IH) 

23 

7.81 

39 

19 0 

58 

42 1 

94 

110.5 


.528 

16 

3 20 


8.13 

40 

200 

59 

435 

96 

115.2 

7 

1 .613 


3.40 

26 

8.45 

41 

210 

60 

45.0 

98 

120.1 


.70.1 

n" 

3.61 

H 

8 78 

42 

22 1 

62 

48 1 

100 

125.0 

8 

.800 

H 

.1.8:1 

27 

9 12 

4.1 

U 1 

64 

51.2 

102 

1.10.1 

a 

.90.1 

16 

4 03 

H 

9 45 

44 

24.2 

66 

54 5 

104 

135 3 

9 

l.Ul 

H 

4 LN 

'28 

9 NO 

45 

25 3 

68 

57 8 

106 

140.5 


1.13 

19 

4 31 

H 

10 2 

46 

26.5 

70 

61 3 



10 

1.25 

H 

4.73 

■29 , 

10 5 

47 

•27.6 

72 

i 64 8 
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Art. 1. In an arch sts, Fig 1, the dist eo iit called its span ; ta its rise; t its 
crown ; its lower boundary hue, eao, its soffit, or intrados ; the upper one, 
ttr. Its back, or eatraUos. The terms soffit and back are also applied to the 
snttre lower and upi^r curved surfaces of the whole arch. The ends of an arch, or 
the showing areas comprised between its intrados and eztrados, are Its faces; thus 
the area «<* a is a face. The inclined surfaces or joints, r c, ro, upon which the/«ef 
of tlio arch rest, or from which the arch springs, are the skewbacks. Lines 
level with e and o, at right angles to the faces of the arch, and forming the lower 
edges of its feet, (see nn, Fig '2V<i,)are the spriniirInK lines, or sprlnipi. The 
I locks of which the arch itself la composed, are the aren-stones, or voussolrs. 
The center one, ta, is the keystone; and the lowest ones, ss, the sprinupers. 
The terra archbhek might bo substituted for voussmr, and like it would apply to 
brick or other material, as well as to stone. Tlie parts tr,tr, are the hanncbes; 
and the spaces trl,trh, above these, are the spandrels. The material depttsited 
in these spares is tlie spandrel fillings; it is sometimes earth, sometimes niS' 
donry ; or partly of each, as in Fig 1. 

In Urge arohes, It often oonsiiU of leveralparallalaraitnKKL-wALi.s. tl. Fig 2^. running lengthwlM 
of the roadwa/, or astraddle of the arch. They are covered at top either by entail arches frem wall to 
wall, or by flat atones, for supporting the material of the roadway. They are also at times oonuected 
together by vert crosa- walla at Intervals, for steadying tbem laterally, as at tt. Fig 3>i. The parts 
gpsn, gpon. Fig 1, are the AairTMKSTa of the arch; en, on. the /ares; gp.gp, the backs; and 
p n, p n, the 5aaM of the abuts. The bases are usually widened by ft*t. trrpt, or o/sets. d d, for dis- 
tributing the wt of the bridge over a greater area of foundation ; thus dUninisblng the danger of set- 
tlement. The distance t a In any aroh-stone. Is called Us dsptJk. 

Tlie only arches In common 
use lor briages, are the circular, 

(often called segmental); and 
the elliptic. 

Art. 2. To And the 
depth of keyntone for 
flr«t-€lafsfs ent-Mtone 
ar«he«, whether clr- 
eiilar or elliptic.* 

Find the rad co, Fig 1, which 
will touch the arch at o, a, and 
s. Add together this rod, and 
half the span o e. Take the sq 
rt of the sum. Div this sq rt 
by 4. To the quot add of • 
ft. Or by formula, 



* Inasmnoti as the rules which we give for arohes and abuts are entirely original and novel, it may 
•ss tw amiss to suts that they ara not altogether empirioal , but art baaed npoa aoourato drawlap 
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Dfpth of kty _ }/Rad -f half span 4. ^ ^ 
infest "4 -r ’ J ‘ 

F«r second-elam work, this depth may be increaBed about ^th part; or 
for brick or fair rabble, about ^rd. See table of Keystones. 

In large arches it is advisable to increase the depth of the archstones toward the 
springs ; but when the span is as small as about 6U to 8U or 100 this is not at all 
nedesxary if the stone is good ; although the arch will be stronger if it is done. In 
practice this increase, even in the largest spans, does not exceed from Vi the 
depth of the key ; although theory would require much more in arches of great rise. 

Rem. To find the rad e o, whether the arch beMrcular or elliptic. Square 
half the span e 0 . Square the whole rise i a. Add these squares together; div the 
sum by twice the rise i a. Or it may be found near enough for this puriiose by the 
dividers, from a small arch drawn to a scale. 


Amount of prctiHurr nuMtained by archsitoneN. In bridges of 
the same width of roadwaj ; if all the other parts liore to cacli other the same pro- 
portion as the spans, the io/«/ prtai would increa.se as the squares of the spans, 
while the pressure prr /oo/ would increase as the spaus. lUit in practice 

the depth of the archstone.s increase.s much les.s rapidly than the span ; while the 
thickness of the roadway material, and the extraneous load }H‘r sq ft, remain the 
same for all spans. Hence the total pressures, at key and at spring, increase less 
rapidly than the stjuares ol the .spans; but more ranidly than tne.‘‘iniple^)«n.«; a.s 
do also the pressures wf/- square foot. Thus in two bridges of the same width, but 
with spans of 100 and 200 ft, with depths of aichstones taken from our table and . 
uniform from key to spring ; supposed to be filled up solid with ma.sonry of 160 
lbs per cub ft, to a level of alnmi 15 inches above the crown, (including the stone 
paving of the roadway); with an extraneous load of 100 lbs jier sq ft ; the pres- 
sures will be approximately as follows: 



Span 100 

n. 

1 

II 

Span 200 ft. 



AT SKY. 


1 AT SPRING. 

1 AT KKY. 1 

1 AT SPRING. 


Pori ft in 


For 1 ft Id 1 


For 1 ft In 


For 1 ft in 



width of 
ita entire 

Per aq ft. 

width of 
Ita entire 

Per aq ft. 

1 width of 
ita entire 

Per aq ft. 

width of 
iti entire 

Per aq ft. 


depth. 


depth, j 


1 depth. 


depth. 


Riae. 

Tona. 

Tona. 

Tons, i 

Tona. 

1 Tona. 

1 Tona. 

Tona 

Tona. 


42)4 

18H 

58 

18H 

126 

29)4 

179 

42 


86H 

12)4 


19 

! 112 

27)4 

181 

44 


81)4 1 

11 

1 

20 

97 

! 24H 

188 


H 

26 

9 

«« 1 

22)4 

WV4 

21 

207 

54)4 

% 

18 

6 X 

67)4 ' 

25 

67H ' 

15)4 

280 

61)4 


It will be seen that with the same span, the pres at the key l»ecomeii less, while that 
at the spring becomes greater, as the rise increases Also that when the arrhstones 
are of onifonn depth, the pres at either spring of a semicircular arch is about 4 times 
as great as at the key ; whereas when the rise is but one-sixth of the s|)un, the pres at 
spring averages but atmut one-third greater than at the key. These proportions vary 
somewhat In different spans. 

The greater pres per sq ft at the springs may l»e reduci-d by increasing the depth of 
the archstones towards the springs This however is not necessary in moderate siiaiiiv 
inasmuch as good stone will be safe even under this greater pres. 

By Ufiinar parallel spandrel walla, see Fig or l>y partly fill- 

ing with earth instead of masonry, the pros on the arcMtones may he diminished, 
say, as a rough average, about | part. 


aad ealealations maite by the writer, of IIdm pree. * 0 , of arehes from 1 to 800 ft xpan, and of every 
file, from a aemicirole to ^ of the apan. Pron. theie drawlnfi he endeavored to And proporttona 
irhieb, altbongh they might not endure the teat o' atriot eritloiaia, would atUI apply to all the oaaea 
wMh aa aoeamey aaSoiaot for ordinary practical purpoasa. 
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61 ft 


Table 1. Of dome exidtins arcliest with both their actual and tii«lf 

oslculmted depth* (by our rule) of keyatoQe. where two depthe ere given in the column of kejrc tka 
Bmullest ia for firat-oluea cut-atone, and the largeat for good rubble, or brick. Thoie aiao which are 
not xpecificd arc of Brst-claaa cut-stune. C atands for circular, E for elliptic. For 2d claaa work, add 
about ^th part, and for brick, or fair rubble, about J^th 
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£xp«^?iinentiil Areta at itonppes, France. 8ee Tabla 

Span = about 18 X ri^e 



Span. 

1 

t>:„„ Itadius of 

j iutrados. 

Depth of arch-stones 

Width. 

at spring. 

at key 

on faces bet w faces. 

Meters 

Feet 

37.886 
124 39 

212.5 1 8.5.5 1 1.10 

6 97 1 280.52 | 3.61 

1.10 1 080 

, 3 61 1 2 624 

.3.5 

11.5 


Arch of granite. The renters reated (for four months) on sand in Ifi ejlinders, 1 ft 
diameter, 1 ft high, of jV-inch sheet iron. The unloaded arch settled Ifi niillinietera 
(0.59 inch) on striking the centers. The additional settlements under extmneous 
loads were as follow s: 


Extraneous load. j 

1 Increase of settlement. 

1 Kilograms. I 

Pounds. 

Millimeters. 

i Inches. 

Difltribated 


809000 

21 i 

i 08 

Center 

4975 

11000 

0.3 

0.012 

Distributed 

132600 

292(KK) 

1.2 1 

' 0.047 


With the distributed load of 357000 kilog, a U«d of 4975 kilog, falling 0.3 m (11.8 
Ins) on kev, caused vibrations of 2dJ mm (0.11 inch). Anmk$ de$ PonU el VhaustiUt 
1666 Port 2, 1868 Port 2. 


The Mreh on the BocuomiAn Bailvav, U probablv the bcldcRt:* and rat OaBn Join awn, hy 
tapt, now Oei>'l U. 0. Uelgi, 17 8 Armj, tbe Rrandeot Htone one In exittenoe. Pont-y Peydi), In 
tTatee, is a common road bridge, of verj rude cooxtructiou , witb a dangerouil; steep roadway. It 
Was built entirely of rubble, in mortar, by scoiuiuon Luuulrv mason, in 1*50, and is still in perfect 
eondlUon. Only Cbe outer, or fhomng aroh-sioneit, are i.b ft deep , and that depth is made up of twa 
■tones, Tbe inner arcbaiones are but 1 5 ft deep ; aud but from S to 0 inches thick. The stone quar* 
ried srith tolerably fair natural beds, and received little or no dressing in addition The bridge is a 
Ine example of that ignorance which often passes for boldness. Pont Kakdlson carries a railroad 
•cross tbe Mne at Paris. The arches are of tbe uniform depth of 4 ft, from crown to spring. They 
•re composed chiefly of smoU rouob quarrn chips, or spairis . well washed, to free them from dirt 
•od dust: and then thoroughly bedded in good oemeul , and grouted with tbe same It is Iti fact aa 
arch of oement-couorete. The Pont na Ausa, near it, and built in the same wap, has elliptic arches 
»r from rJ6 to 141 ft span ; with rises of tbe span. Key 4.P ft. These two bridges, considering tbs 
want of preoedent in this kind of oonstruotion, on so large a scale, must be regarded as terr tK<ld; 
and as refleoting the highest credit for praotioal science, upon their engineers, Darcel aud Courbe 
Borne tronbie arose from the unequal contractiou of the different tbioknesses of cement. They show 
what may be readily acoompitsbed in arches of moderate spans, by means of small stone, and good 
bydrawUc cement when large stone til for arches Is not procurable. In Pont Napoleon the depth of 
•rob is less than our rule gives for seoond class out-sioua. 

Art. S. The keyntonee for larse elliptic arches by the beat en- 
giiieera.are genentlly iimdv hinmii pmi .i»fpei tli.ui oiir rule requires, iti llinii is 
considered necessurv for circulnr ouch of the anme simti aud rise ; in order to keep tlie 
line of pres well within the joinU ; although tbe elliptic arcb,with its Bpaudrel filliog. 
It has slightly leas wt; and that wt has 
a trifle lees leverage than in a circular 
C' 1 1 one; and ronRetjuenrIy it exerts Iee« 
110.1* pres both at tlie key, and at the skew- 
l»ack. See London, llloticesler, aud 
Waterloo bridges, m tbe preceding 
table. 

Bem. Toung engineers are apt to affect shallow arcb^onee ; but It would T>e far 
better to adopt the opiKMsite counse; for not only do deep ones make a more trtable 
•tructure, but a thin arch is as unNiglitly an object as P>o Kh^nder a ooluum. Acscord* 
Ing to our own tastt-, anh-etones lully deej^r than our rnJe gives for ftrst-cluM 
cut stone, are groatiy to be preferrml when appearance 1 h c-uiiHulted. JiiiNPciallv 
when an arch is of rough tubhle, which ciwts alaiut the same whether it is but.i up 
as arch, or as apnndrel tilling, it is mere folly Ui make the arches shalio\4 8tAhiht]f 
and durability should la* the olijects aimed at; and wlo-n they can be attained eve« 
to excess, without increased cost, it is best to do so. 



built like that at Souppes. 
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Art. 4. To proportion tlir abntfi for an arrh of »tone or 
brick, whether circular or elliptic. (Ongiiml,^ 

Thi* writer v<*ntiire« to ofler tlio following rule, in the belief that it will be found 
to Miaibiro* the ivquirementa of theory with those of economy and ease of applica* 
tMii. to perhaps as great an extent as is attainable in an endeavor to reduce so com* 
])li(iited a subject, to a fliinple and reliable workings rule for prac* 
ticai brldife-baildera. This is all that he claims for it. Notwithstanding its 
simplicity, it i.s the result of much labor on his part. It applies equally to the smallest 
culvert, and to the largest bridge; whatever may l>e the proportions of span and rise ; 
and to any height of abut w hatever. It applies also to all the usual methods of filling 
above the arch ; whether with solid tnasiiiiry to the level r/, Fig 2, of the top of the 
arch ; or entirely with earth ; or partly with each, as represented in the fig; or with 
parallel spandrel-walls extending to the back of the abut, as in Fig 2J^. Altliough 
the stability of an abut cannot remain jirecisely the same under all these conditions, 
yet the ditr of thickness which would follow tium a strict investigation of each par- 
ticular case, IS not suffleient to warrant us in embarrassing a rule intended for popu- 
lar use, by a multitude of exceptituis and modifications wIik li would defeat the very 
object for which it was designed. 


It ifiveii H tblckiicm of ubnf, which, without any backinir 
of earth behind It. I» safe In Itself, and In all cases, aicainst 
the pres, when the hridire Is unloaded. Moreover, In very large arches, 
in which the greatest load likely to come upon them in practice i.s small in comparison 
with the wt of the arch itself, and the filling above it, our abuts would also be 
from the IfHK/ed bridge, without any dependence upon the I'arth behind them; but 
iw tlie arches become less, and consequently the wt of the load becomes greater in 
proportion to that of the an h. and of the filling above it. we must depend more and 
nioni upon the resistance of the e».r!h behind the abuts, in order to avoid the necee- 
Bity of giving the latter an extravagant thickness. It will thenfore be undented 
throughout that, except when parallel epandret walU are rules stip^ th<a 

after the bridge is finished, earth vnll be depasUed behmd the abuts, and to tfte hetgkl 
V the roadwaif, as usual. 



618 


STONE BRIDGES. 


In small bridgM and large culverts of first class railroads, subject to tbe jarring 
«l>‘*"‘^«.thccompar;liivecheap..es8withwluchanei^^^^ 

strength can thus be given to iniportant .struct iires, has led, in many ca.ses, to the 
u.se of almfinents from one-fourth to one-half thicker than by the following rule 
If of rouRTh nibble add 6 ms to insure full thickness n every part 


Thicks 0 n o f abut at spring 
in ft, when the height o » 
dots not exceed 1 times the 
base 8 p 


Rad in ft 

, 


+ + 2 /'- 


Mark the points n and y thus ascertained. Next, frjim the center i, of the span 
CT chord «o, lay off i A, equal to part of the span. Join a A; and throiigli n, and 
parallel to a A, draw tlie indefinite line gnp of the abut. Do the saniewitli tlie 
other abut. Make y m and ng each equal t<i half the entire height 1 1 i.f the are b ; 
and from g draw a straight line y 2 , touching the back of the aich as high up as pos- 
sible ; or still better, as shown at tm, wirti a rad dt or dm, (to be fountl by trial,) 
fcscribe an arc t m. Then or t m will be the top of the masonry filling above the 
arch;* and this should be completed before striking the centers; ^fore wbicbi 
also, the embkt should be finished, at least up to y n. 




* Kii 


WHEK THE HIKE U 


1 KHH , In which CMC carry the 
nuNonry up solid to the level 
vtf. of the top of the arch. Or 
if the arch is a larse one, ex 
oeedliiE say about 00 ft span , 
and eipocfally if lie rise i* 
greater than about of it* 
■pan, it Is better to e«noinl*e 
masonry hy the use of parellel 
Interior spandrel-walli, ( f. Fig 
2^, carried up to rtf. Fig li. 
Indeed, such interior walls may 
often tie advantageously intro- 
diieed in much smaller arches. 
When high, they are steadied 
bv occasional cross- wails, as (t. 
Fig 2^. Their feet should he 
(pread by ofheUi as shown at o o o, so m t# bear upon the whole surf of the back of tho arch ; lb w 
equalizing the pree upon it. On top of the walls floKsiones may be laid, or small arches "J 
torn^ from wall lo wall, for supporting tho ballast, Ac. of the roadway. The spaoee below are wn 
hollow. In Pig iH the dark part w«d is supposed to be a section across an abutment; but omuunf 
tlm aeofod eroee-wall. ainilar lott E B bridgei, pnt a epandral-waU. i I, luider each raU. 



STONE BRII»GE8. 


619 


thirds of the corresponding vert height os, and draw sp. Then will the thicknat 
on OT e y \»<i that at the springing line of the given circular or elliptic arch of any 
rise and siiau; and the linoyj:i will lie the back of the abut; provided its height ui 
does not exceed 1^ times sp\ or in other words, ptovided s p is not less than ^ of 
os. Ill practice, o « will rarely exceed this limit; and only in arches of considerable 
rise. But if it slioiild, as for instance at oq, then make the base qtt equal to sp, added 
to <ine-fi)iirth of the additiqnal height sq; and draw' the back uw, parallel to gp ; 
and extemling to the same height, Ac, as in Fig ‘i. If, however, this addition of 34 
ut S' 7 should in any case give a laise q ii. less than ont-half the total height o q, (w hich 
will very rarely hapiien in practice,) then make qu equal to half said total heif^t; 
draw ing the back parallel to gp, and extending it to tiie same height as before. The 
additional thicknesses thus found lielow sp, have reference rather to the pres of the 
0.11 th behind the abut, than to the thrust of the arch In a very high abut, the inner 
line gp would give a thickness too slight to sustain this earth safely. 

When the height oh. Fig 2, of the abut is less than the thickness on at spring, a 
uin.ill saving of masonry (not worth attending to, except in large flat arches) may l>e 
ettected by i educing the thickness ot the abut throughout, thus- Make o*- equal to 
ii a, and draw k L Make nz equal to ^ of on, and draw / z. Then, for any height 
v h ot abut less than o w, draw 6 1>, terminating in 1 1. This b v will be sufficient base, 
tf the foundations are firm. The liack of the abut will be drawn upward from v, 
parallel to g p, and terminating at the sdnie height as ^ or to. 

Rem. 1. All the abuts thus found will (with the provisions in Art 6) be safe, 
without any dependence upon the wing-walls; no matter how high the embkt may 
extend alxive the top of the arch. If the bridge is narrow, and the inner faces of 
the wing-wiills are consequently brought so near together as to afford material as- 
sist. ince to the abuts, the latter may'lic made thinner; but to what extent, must 
depend upon the judgment ol the engineer. 

\Vp, however, caution the joung proctltlewer to be careful how he adopts dimensions less than those 
HIV 1*11 by our rule There are fertuiu practical considerations such as carelessness of workmanship : 
u. wnt'ss of the mortar , danger of undue straios when reinovinR the centers, liability of derange- 
nient during the prooess of depositing the earth behind the abuts, and oter the arch • Ac, which must 
not he overlooked; although it ia impossible to reduoe them to calcuUtion. 

Whenovor M oao be done, the oentera shouM remain in place until the embkt ta finished; and toi 
»ome time afterward, to allow the morur to set well. But for more on this see Rem *. p. 681 


Raw. 2. A good deal of liberty is sometimes taken In rednoing the quantity of mwonry above the 
n “ingiTig line of arches of considerable rise, and of moderate spans. When care is taken to leave 
it.e I’t liters sunding until the earth filling is coniplcWd al>o»e the arch, and behind Iti abuu, so tha* 
it Ill'll lint lie deranged hi luvident during that opcrstlon . and » hen good cement Is need instead o'. 
I'niiinini) mortar, such experiments may hi- tried with compariitlie safety ; especially with culvert 
an he-, in which the depth of arch stones is great in proportion to the span. They must, however, be 
left to the judgment of the engineer in charge , as no specific rules cun be laid down for them. They 
can hardly be regarded as legitimate practice, and we cannot recommend them We have known 
nearly semicircular arches, of 80 to «) ft span, to lie thus hmlt successfully, with scarcely a particle 
of maaouTT aboTo the aprinfc^ to hack them Such archce, however, arc apt to fall, if at any future 
periiMi the earth flUing remo\ed. wkhout taking the precaution to first build a center or some other 
support for them. Even when the embkt can be finished before the centers are remove, we cannot 
rectmiincnd (and that only in small spans) to do toss than to make n g. Kig '2. equal to X of the total 
height i t of the arch ; and from g so found, to draw a straight line touobing the back of the arch as 
high up as (Htssible. ^ 

Rkm, .1. We have gatd nothing about batt^rinuT of the nbntH, 

because in flie crossing of sfrcnnis. the batter cither flinniiisbes the water-way; or 
reqiiireg n greater siian of arch. Piich a batter, however, to the extent of from /j 
to Hi; ina to a ft, is UBeful, like the offsets, for distributing the wt of the structure 
Hini Its enilikt, over a greater area of foundation; especially wliPn the last is not 
naturally very firm ; or when the embkt extends to a considerable height aliove the 
aieli i„ oiii- tables. Nos 3 and ft, of approximate quantities of masonry in semi- 
eircular bridges of frtmi 2 to ftO ft span, the faces are supposed to he vert. 

Art. 5. Abatment-plena. When a bridge f 

tamed by piers of only the usual thickness, if one arch should by acci^nt of fl(wd 
or othei wise, lie destroyed, the adjacent ones would overturn the piew, and arch 
after arch would then fall. To prevent this, it Is usual in important 
some of the pleni sufficiently thick to resist the pres of the 

of such an accident ; and thus preserve at least a portion of the bridge from rum. 
Such are called ahutnieut-piers. 


Our formulE or - - + “ -p 2 h. tor the thteknew at epring; with the bsok battering as hetbre, 

tt the rate of A of^ the epan to the rise ; face vert ; will of Itself {without any fn«l^c«e*m/br yreai 

heiahu'i alve a^iirfectlv safe abut pier, for any unloaded bridge ; and to any height whatever ; due 
ongnu)Kire a perreciiy saie a u e . Thus, for an abnt-pier 

heSht fu first to find the thickneea o n at 


■> . nf' an* areater height ; It ie only neoeeeary first to find the thickneea 
“adi ,h« dri^^betattoSd Uok y n P : extendlii It down to the baee at B 
i Sldfuon 1. mS. in th. ease of abut., th. 


Mt adding H of the additional height 
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mj be aeeure froin the prei of the earth behind them ; m well h from the prea of the arah ; • 
ildtratioD which does not apply to abul-pieri ; in which only the prea of the arch ia to be reaiated. 

But ailhouKh the abot-pier thus found by our formula, would be abundantly 
■afe, yet its shape abeo. Fig 8, is inadmissible. In praotioe it would be 
changed to one somewhat like that ihown by the dotted linea ; having an equal 
degree of batter on both faces. This of course requires more masonry, with 
but little increaae of stability, but that cannot be avoided. 

Which ah abut-fikk is built ih hkkf watkh, or in a shallow stream sub- 
ject to high freshets, care must be taken thiit water cannot find its way under 
the pier, and thus produce an upward pres, which will either diminish, or 
entirely oounteraot ite effioiency as an abut. See Remark 2, Art i, of lly- 
drosutlos. 

Art. 6. Inclination of the conrscH of masonry 
below the sprinipt of an arch. Althougli uiir fore- 
going’ rule gives a thickiieM of abut ivhirh caniiot be orertumed, 
or upset, by the pres of the arch, yet if the arcli he of large span, 
and small rise, its great hor thrust may produce a sliding out- 
ward of the masonry near the level of the sjirings, if the stones 
are laid in hor courses; especially if the mortar has not set well. 

This danger, it is true, could be avoided by oonflning the courses together 
by iron bolts and cramps : or by increasing considerably the tbiokneis of tbe 
abuts ; but the expense of doing either of these, leads to tbe cheaper expedient 
of inoiining the masonry, as shown between o and n, Fig 4 ; tbe courses near o 
being steelier; and gradually becoming less steep near a. 
By this process the arch is virtually prolonged into tbe body 
of the abut, ao far that when the iuclination of the lowet 
masonry ceases, as at n, the direction of the theoretical 
line of thrust, or of prts of the arch, (rudelv represented 
by the dotted curved Hue o n) is nearly at right angles to 
the Joints of the hor masonry below n; and consequentlr, 
■aid thrust is unable U> produce sliding at that point. Be- 
tween o and H, the line of pres Is everywhere so nearly at 
right angles to the variously incllued Joints, as to preclude 
tbe possibility of sliding lu that interval also 

The abut being thus sail 
throughout from both overturning and sliding, can fall 
only from defective foundations; or from the inferiority 
of the stone of nhich Itis built; and which, If soft, may 
be crushed. 

Thifl inciinatioD of the maRoury ie as uecea- 
eary in an elliplic arch, Fig 4]^ an in a circular 
one 
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The elliptic form ia plainlj unfavorable for uniting the arcb-atones with the inclined masonrv near 
the aprlnga, ao as to receive the thruat properly ; or about at right anglea to ita reanltant. In ordi- 
nary oaaea thia difficulty may bo overcome by making the Joints of only the ouUide or ahowing arch- 
atonea to conform to the elliptic curve; aa between < and a ; while the joinu of tbe inner or hidden 
onea, may have the directions shown between g and u, nearly at right anglea to the line of thruat. It 
will rarely happen, however, that the young engineer will have to conatruct elliplio arches of auffl- 
cient magnitude to require either thia, or any equivalent expedient. For apaua leas than 50 ft, with 
riaea not less than about -jL of tbe span, nothing of the kind is actually necessary, if the mortar la 
good, and haa time to harden.* 

In order to inrliiu* tiio masonry of any abut \Mtli siifficienr accuracy, it would 
be necessary fust to trace the curved line of pres of the ^iven arch. 

80 aa to arrange the l»ed joints about at right angles 
to it at every point of itscourso; but we offertbe following piooesh aseuflacmgforall 
ordinary practical purposes, while its simplicity places it w ithin the reach of tbe com- 
mou mason. lu actual bridges tbe direction of tbe actual tbrust changes as the load 
fs [iH-wMig; therefore, in practice no given degree of inclination of the abut masonry 
(Mil coiitorm to it precisely during tbe entile passige roiiHeiiuently, anv excess of 
lefiiieiiiont in this uarticular, liecoiiies Bimpiy lului.lous. espec mllj in pinall spans. 

Rule for Inelininsr the b«<lH of the ina»onry in the abuts. 
Add together the rad c?n, Fig 4; and the span of the inch. Div the sum by 5. To 
the quot add li ft. Make 0 t, on the rad, equal t^» the last sum. Then is ^ a central 
point, toward which to draw the dinM^tious of the beds, as in tbe fig. Draw t g hor, 
and from f as a '-enter, describe the arc o y ; o being the center of the depth of the 
springers. From y lav off on the arc the dist jr«, equal to one-sixth part of fy; draw 
In a. It Will never lie vecfSmi-y to incline the masonry below this f n a. Neither 
Ti<«/ the inclination extend entirely to the face m i of the abut ; but may stop at «, 
about half-way between t and n. From e upward, the inclination may extend for* 
ward to the hue e m. 

Cement shoatd 

be freely used, not only in the arches themsel vi‘b, and in the masonry above them, as a 
protection from raln-soakage ; but in abuts, wing-walls, retaining-walls, and all other 
important masonry exposed to dampness. The entire backs of important brick arches 
should be covered with a layer of good cement, about an inch thick. The want of it 
can be seeu throughout must of our public works. The common mortar will be 
found to be decayed, and falling down from the soffits of arches; and from the joints 
of masonry generally, within from 3 to 6 ft of the surface of the ground. The mois* 
tare rises by capiihiry attraction, to that dist above the surf of the nat soil; or 
descends to it from the artiflciHl surf of embankments, Ac; therefore, cement-mortar 
should be employisl in thoB(> iKirtions at least. The mortar in tbe faces of battered 
walls even when the batter is but 1 to inches per foot, is far more igjured by rais 
and exposure, than iu vert ones ; and should therefore be of the best quality. See 
Mortar, &c. 

We have, however, seen a quite free percolation of surface water through brick 
arch'*s of nearly 3 ft in depth, even when oemont was freely used. In aqueduct 
brtilges, we believe that cement has not been found to prevent leaks, whether the 
arches wer»! of brick, or even of cut-stone. May not this be the effect of cracks 
produced bv settlement of the arch; or by contraction and expansion under atmos- 
pheric intlueuce 7 Cement at any rats prevents the joints from crumbling. 


T The feet of both etliptfe and lemidrcular nrebea are alway* made hor ; but It ia plain from Fif 
♦M. that thia practice ia at varian<» with correct principles of stabiUty in the case of the ellipse. I» 
Is the same in the semicircle. In ordinary bridges of the latter form, the vert pres, or weight resting 
JO each ekewbaok, is (roughly speaking) usually about from SW to * timea the hor pres on the aame : 
and the toul prei is about ♦ limes as great as the pres on the keystone. Therefore, ihMretloally,^^tho 
Bkewhack should usualh be about 4 limes as deep as the keystone ; and Us bed, Instead of being hor, 
should be luclinMl at the rate of about I vert to 4 hor. 
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Wben tiM areb U lUt, thii lnoHn«Uon mky become eo iteep, ecpeoleUy io the upper parU, that 
■truta, or ahorei of aome klud, uuat be uaed for preveottng the ma- 



aourj from alidlnj down, until the completion of the arob eecuree it 
from doing 00 . The hor oouraea between the face m i, and the line 
0 e, will aid aomewhat in this respect. 

This method should be applied to oU rsry largg arehet whose 
rise is one-third, or less, of the span. As before remarked, it 
is not actually necessary in arches not eaoeeding about 50 ft span, 
and not flatter than ^ of the span. Indeed, if the earth filling can 
be deposited before the centers are removed, these limits may be con- 
siderably extended without danger. Still, since a oeruin degree of 
inclination Is attended with very little trouble or expense, we would 
recommend for even such arches, a process somewhat like the follow 
lag Prom Aa// the span take ibd rise. Dir the rem by 3. Make o t, 
Fig 5, equal to the quot Draw ( n, and o m, hor. Div the angle 
tom into two equal parts, by the line o a. Inchue the masonry so 
as to be parallel to o a, as far down as ( n. The inclined courses 


may extend out to the face o (, or nut, at pleasure. 


i K a 



Rch. 1. To And the length (nb, Fig 7) 
from face to face of a enivert. Fmm 

the height At of the enibkt. take the u/tour ground height n a 
of the culvert, the rem will lie the height Ao of the einbkt 
oAove the culvert Then the reqd length a 5 is plainly equal 
to the top width id of the embkt, added to the two dists as, 
cb, which correspond to its steepness of side slopes. Thus, it 
the side Blo{>e is, as usual, to 1, then as and c h will each iw 
equal to 14 times o A , or the tao together will be 3 times o A. 
Sotliaiifthewldthid is 14 ft, and Ao 5ft, the length a t> will be 


I4-f (5X3) -14 + 15-29 ft 


Art. 7. The following tablCM, 3, 4, and 5. of qiiantItieN, vtill 
be found useful for exjiediting preliminary ••stiniates, fur mIucIi purjiowe i hiefly they 
are intended; hence no paiiiH have been taken to make them HcnipulouHly coireit, 
hut rather a little m excess of the truth. The first column <if Table 3 contains the 

total vert height or, Fig6. Irom the 



crown 0 of a semicircnlar urch, to 
the toiindation or base tfm of its 
abut The other columns give ap* 
proxirnately the numlKT of cub yds 
coiifuiiied in eaeb ninning foot, or 
foot m length of the culvert or 
budge, measured from end to end 
(face to face) of the arch ])roper; 
and including only the arch and its 
abuts, as shown in Fig 1 ; or in the 
half section opmgy in Fig 6; in- 
cluding footings to the abuts, hut 
omitting the wing-walls (len), and 
the spandrel-walls (<), Figs 6 and 


254- At the foot of each column is the approximate content in cub yds of the two 
spandrel* wall 8 by themselves; one over eacli face of the arcli. 


Tbese spandrel- walls are calculated on the euppositlon that tbeir thickness at base, at their Juno- 
tioD with the wing- walla, where their bright Is greatest, is equal to of their height at that point: 
except where that proportion gives a less thickness at top than 24 tt ; and that they extend 2 ft (• a) 
above the top o of the arch. At the top of the arch, they sn* all supposed Ui be 24 ft thick at top; 
that being aaeumed to be about the least thickness admissible in a rubble wall in such a position. 
Both the back and the face are supposed to be vert. The contenU of these spandrel-walls will vary 
somewhat, however, even in the same span, with the height of the abut aud the arrangement of the 
wings. They, however, constitute ao small a profiortloD of the entire contents given in Table 5, that 
this oousideratlon ms* he neglected in preliminary estimates. They are so firmly bonded Into the 
masonry of the wings at their highest points, and so strongly coaneoted by mortar with the backing 
of the arob at tbeir Wes, that they require no greater tbiekness howevei high the emb may be. 


fSie «Oiit«nte of Ibke foor winK*WAllii. of which njwb. Fig fi, is one, 
will he found in a table (No. 4) immediately following that for the body of the cul- 
vert. We have also added a table (No. 5) for complete s*'micirculur culvert* of 
Tarioua lengths, including their spandrel and wing walls. 
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Reh. 1. Although the thicknoflB of wiug-walls increases in all parts with their 
height, they an* not luiule to ghi>w thicker at nj than at ti. Fig ♦» ; hut (as seen in the 
fig) an: oflsetted at their back «, a little below their Hlunting upper surf ij, so as 
to give a iiiiitorui m irttli loi the stejis or tlagstones, as the case may be, with which 
they are co\eie<l In the fig the coveiiug is supposed to be of flagstones ; but steps 
are pn-lerable, being less liable to diTuugeiiient. To jiieveiit the flagstones from 
sliding down the im, lined plane.; t, tin* luwei stone i should be deep and large, and 
laid with a hoi bed. The flags aie Hoinetiines crumped together with non, and bolted 
down to the wall. Steps require nothing of that kind, as seen at s, Fig 11. 

Rkm 2 The tHbleH Ahow Ihe inexpediency of too ranch con- 
tracflnif the width of water-way, with a view to economy, by adopting 
a .iinall spun of arch, when a culvert af gieater span can he made, n/ the same total 
heigtit. 

For the wings must he the same, whether the apan be great or email, provided the total height is 
the same in Imih ca.sea ; aud since the wings conatitutc a large pro]iurtion of the entire quantity of 
manonn', m euherta of ordinary length, the span itaelf, within moderate limits, has comparatively 
imlc etfect upon it. Thus, the total masonry lu a semicircular cuhert of 3 ft span. 8 ft total height, 
and rd) ft long liet ween the faces of the arch, is, by Table 5, 151 '/ti euh yds , w hile that of a 6 ft span 
of the same height and length, is 152 4. A semicircular bridge of 25 ft span, 24 ft total height, and. 
4(1 ft between the fares of the arch, contains 1031 cub yds ; while one of 35 ft span, of the aamc height 
and length, cuuiaina 1 1.I4 yds , so that in this cue wc may add nearly 50 per cent to the water-way, 
by iDcreaaiug the masoury of the bridge but y^^yth part. 

Rem. 3. Partly for the same reason, and partly because the culverts for a 
double-track road are ii4»t twriee as lonfcas those for asiniple- 
track one, the quantity of culvert masonry for the former will not average more 
than about from to % part more than that for the latter; so that it frequently 
becomes expedient to Jimsh the cuherts at once to the full length required for a 
double track, although the embkts may at first bo made wide enough for only a 
single one, w'Jth the intention of increasing them at a future time for a double one. 

Thus, the average sine of culverts for a single track may be roughly taken at 6 ft, span, SO ft loag 
from face to face, and 10 ft loul height; and such a one oonulns, by Table 5, 140 cub yde. For a 
double track, it would require to be about 12 feet longer; and wc see by Table 8 that this will add 
2 67 X 12 r- 32 cub yds, making a toUl of 172 yda instead of 140; thus adding rather tea than K 
psrt When the ciilveru are under very high emhku, and consequently much longer, the addition 
for a double track becomes comparatively qutW trifling. 

Table S, of approximate numbers of cub yds of masonry 
per foot ran« contained In the arches and abutments only, as 

hIiowh til Fig 1 (omitting wings, and the spandrel-walls over the faces of the arches) 
of semicircular culverts and bridges, of from 2 to 60 ft span, and of different total 
heights, A t. Fig 1, or o c, Fig 6. It will lie seen that in many cases, a brid{^ of larger 
span contains less masonry than one of smaller span, when their total heighU are the 
same. There is a liberal allowance for footings or offsets at the bases of the abuts 


TABIiR 8. (Original.) 



I 2.0 I 8.7 I *■* -t 5.8 I 5.B I | 9.8 \ 12. I 16. 
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TABLE 3. (Contiuued.) 



i tft. t 4» ft __ I M. __[! I 


Art. 8 . The following' table of coutente of wing-walls, or wings, will, 
like the preceding one, be useful in making preliminary estimates. The wings 
«o, no, shown in plan at Fig 8, are supposed to form an angle aoc, of 120°, with the 
face, or end o o of the cuWert. Their outer or small ends n n, are all assumed to tte of 
the dimensions shown on a larger scale at £. Thickness at base at every jiart equal 
to of the height of the wall at said part; except when that proportion becomes 
too small to allow the width or thickness at top to be 2.5 ft ; in which case it is en- 
larged at sncb parts sufficiently for that purpose. See Remark 2. This happens only 



Fig. 8 

when the height in m, Fig. E, of the wing, her>oiiH*H less than h ft. Ratter of facf*, 1 > .j 
’US. to a ft ; or 1 In 8. Ruck vert. ; but offsetted, if necessary, for a short (list, below 
the top, so as to give a uniform tfunvmf/ toji thickness of 2^ ft. The mahonry ih 
loppo^ to be good well-scabhled mortar nibble. The height given in the liist 
rolumn is the greatest one ; or that at oo (or wj, Fig. 6), where the. wing Joins the 
face of tlie cnlvett In tin- table no allowance is mode for footings (offsets or step 
at the of the wings; an these are frequently omitted in wings on good foumla 
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Hons. In takini^ out quantities from the table, bear in mind that the height of tlie 
annga ie usually a little greater than that of the culvert itself. 

Ti>e plan shown at C is the common one, but that at is greatly preferable for 
lulverts; for the shoulders at o o in Fig. C, apart from their greater liability to catch 
branches of trees, etc., floating down stream, offer of tlieinselveg a much greater re* 
sistance to the flow’ of the water iuto the culvert than do the mere corners at o o. 
Fig. D. 

Table 4« of approximate rontenta, In cub yda, of the four ‘ 
wing-wallM of a culvert, or bridge. (Original.) ^ 

The heights are taken whei e greatest , as at j w, Fig 6 ^ 


HeiRht Length 'Cub. yds.} Height' Length iCub. yds, 
of , of I iu I of ! of : in 


wing 

one wing. 

4 wings 

wing 

lone wing. 

4 wings. 

Feet 

' Feet. 


1 Feet. 

[ Feet 


6 

! 1 7.1 

4 04 

> 30 

i 43 1 

818 

7 

' 3 40 

H 85 

■ 32 

468 

997 

8 

; .'i.20 

14 6 

■ 34 

503 

1192 

9 

1 6».i 

21.5 

1 36 

, .53.7 

1414 

10 

, H.66 

30 2 

' 38 

i 57 2 

1661 

11 

1 10.4 

40.9 

40 

! 60 7 

1928 

12 

; 12 1 

.5.17 

• 42 

t 64 2 

2220 

li 

1 L16 

Hb 2 

i 44 

1 67 6 

2552 

16 

' 19 1 

128 

46 

71 1 

■2912 

18 

i 22 5 

IKt 

48 

i 74 6 

3;i06 

20 

26 0 

247 

50 

78 0 

3741 

22 

1 29 5 

3-29 

55 

Hb7 

4942 

24 

1 32 9 

4‘2B 

60 

; 95 i 

6404 

26 

.16 4 

541 

' 65 

. 104 

8131 

28 

i 39.8 

672 

70 

. 113 

1 

1 10155 


To reduce cub yds to perchea of ’iS cub ft, mult bv 1.080. 
To reduce perches to cub yds, mult by .ihib. or div by 1.08. 


The contents for heights intermediate of those in the table may be found approximately by simple 
proportion. 

Rem 1 It IS not recommended to actually prolong all wings until their dimen- 
Hiotia iHM’ome as small as shown at E, in Fig 8. In luigu ones it will generally be 
more economical to increase their end height ni m, a lew feet. The contests, how- 
e\er, uia> he readily found hy the table in that case also. Thus suppose the height 
ol the wings at one end to be 30 ft, and at the other end 8 ft; we have only to sub- 
tract the tabular content for 8 ft high, from that fur 30 ft high. Thus, 818 — 14.6 
803 4 cub yds required content. 

Rem. 2. It might be supposed that inasmuch as the wings of arches often have to 
sustain tlie pressure from emhankraents reaching far above their tops, they should, 
like ordinary retaiiiiiig-walls, be made much thicker in that case. But the fiMlt that 
they derive great additional stability from lauiig united at their high ends to the 
body of the bridge or culvert, renders such increase unnecessary when proportioned 
by our rule ; no matter Imw far the earth may extend above them ; as shown by 
abundant experience. 

Rely mg U|HIU thli aid, we may Indeed, when tbe earth does not extend above tbs top, rodnee tbe 
bane at 0 to one third of the ht, ai vhown at o r, and by dotted line 1 1 . Experience ahowa that we 
may alio dn the aanie even when the earth reaohea to a great height above the top, provided that 
the wiuga, instead of being spluved or Hared out, as at o n, o n, merely form straight prolongations 
of the abutmeoU of tbe arch, as'xhxwn by the dotted lines mlogw. In this case the pretaure of tbe 
earth against the wings is less than ahen they are splayed. We have known tbe tbiokneas at o 
to be reduced in auch oases to less than oiie-third the height, when tbe wings were 1& ft high, and 
the height of the embankment above their tope IS feet in one case, and 36 ft in another. In aaotbar 
instance, similar wings 25^ ft high, and with 29 ft of embankment above their top, had their bases 
at 0 rather less than 4 of tbe height. In all these cases, the uniform thickness at top was 2.5 feet; 
backs vertical. We mention them because this particular subject does not seem to be reducible to 
an V practical rule The last a all appears to us to be too thin : esireolally if tbe earth is not deposited 
In 'layers , and after allowlog the mortar full time to set. The labor, however, required in compact- 
ing the earth carefully in lavers, may cost more than Is thereby saved in the masonry. The young 
practitioner must bear this In mind when he wishes to eennomUe masonry by snob means; and also 
that the thin wall may bulge, or fail entirely, if the earth backing Is deposited while tbe morUr to 
Imperfeotly set. 
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Table 5. Approximate contents In cubic yards, of corn* 
»lete semlclrcnlar culverts and bridges of from 2 to 30 feet 

pan } including the 2 spandrel walls , and the 4 wings ; all prnportionod by the 
oregoiQg directions ; and taken from the two preoeding tables. The height lu the 
econd column, is from the top of the kryUmif to the bottom of the loiindaliou. The 
.'itigs are calculated as being 2 ft higher than this, including the thickness of thf 
oping. The wings are frequently earned only to the height ol the top of the arch, 
hus saving a good deal of masonry. Table 4, of wings alone, will serve to make tht 
roper deduction in this case. 

The several lengths are from end to end, or from face to face, of the arch prnper 
'he contents for intermediate lengtlis may be found exactly; and those for inter* 
lediate heights, quite approximately, by simple propaition In this table, as in 
lo. 3, It will be observed tliat when th» heights are the mine tn both canes, a {argia 
pan frequently conlaiii.s less masonry than a smaller one. A semicircular cnlverl 
r bridge contains b‘8s masonry than a flatter oin‘, when tlie total height is the saiUL 
1 both cases; therefore, the first is thv. most economical as regards cost; but it doeF 
ol afford as much area of water-way ; or width of headway. 

(Original ) 


_3J2 

Cub Y.' 


1 t* 

,CuV,Y CubY CubY :Cub Y Cub Y ,Cub Y \Oub \ ,0ul,Y 


4 ; 


8.|J 


10 ' 


12 


116 14.) I 1T5 


34 I 


166 ‘JU4 243 
•i)4 2S5 I 316 


2(« ( ZW 


122 , l»4 1H7 


\ m . iw I ivi 1S2 . m 

l*l ' 1«1 \ 2 i 2 I 24 h 2 i 4 

I 21S 1 251 I 2S1 31 b 3411 


234 1 2 in 1 351 j 410 i 460 j 527 \ 

75 ! % ' 117 13H 15“ 

»5 121 146 172 l'*H I 22.1 219 j 275 

121 i r.l 1S4 216 247 ' 2 S 0 i 312 ' 343 


32H ! 467 4S7 1 .%7 


102 no , 1.57 
125 I 1.5H 191 

1.V3 i IM 231 

223 1 277 I SHI 

314 ' 3bH [ 4h:i 

427 j 525 623 

IHl I t«>5 I 2(St 1 


.190 445 ] :SH) ; 5,55 

54s 62,5 I 701 1 777 

742 ' Mil 915 1047 


140 I 167 ; 220 ; 274 


2H6 ! 276 

327 ' .!H0 
4VH 526 
3-2.5 I 420 j 516 I 611 706 

434 j 556 I 679 I HOI ! 921 

178 • 215 -2.52 I 


166 -209 ’ -251 


•294 I '137 
:195 1 4,50 
5-22 j 593 


I 788 ! 908 I 10-27 
i 1003 11.5.3 ; i:i0-2 


1.50 179 I Z16 294 ; 351 

‘201 , 2-«5 1 SOT, 377 ' 447 | 

•27.5 321 ; 412 504 59.5 i 


.36.8 4*26 , .542 


•289 I 322 


9*11 ; 1088 
1-291 I 1413 


1070 

i:iK5 

1751 


VA ; |s:i j '242 
•21M 2.39 ! 310 


K39 984 I 11-29 127 

301 I 359 ! 418 i 476 ! 

38} 4.52 ! 5-23 I 594 ! 

405 493 ' 581 I 669 ! 7.58 1 

5-29 640 i 751 862 i 974 


10.5'2 

13.57 

1711 


5'15 j 594 I 6.5‘i 
665 ' 730 j 807 


900 ' 1100 1 1‘241 i 1381 t 1521 1 l«6l 
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Art. 9. EHpecial pains shouM l»e taken to secure an nnyleldinir fon» 
dation A»rcMl\crls and drains under hinrb embktsy otherwlM 
tlie Hiiitenm nmlnnit weight, esixjciaUy under the middle of the cmbkt, may squ^'’ 
tliem into the soil below, if soft or marshy; and thus diminish the area of water- 
way, or at least cause an ugly settlement at the midleugth of the culvert. Also, in 
soft ground, the embkt may press the side walls closer together, narrowing tne 
rhannel This may be prevented by an Inverted arch, or a bed of masonry, Mtween 
the walls. A stratum from 3 to (i ft thick, of gravel, sand, or stone bniken to turn- 
pike size, will generally give a sufficient foundation for culverts m treMnWOUS 
marshy ground ; or quicksand, with hut a mialerate height of embkt. It should ex- 
tend a few feet beyond the masonry in every direction, and should be rammet^ tne 
sand or gravel being thoroughly wet, If possible, to assist the consolidation. Piling 
will sometimes lie necessary. If the masonry is huilt uiion timber platforms, or a 
smooth surface of rock, care must be taken to prevent it from sliding, from tte pr«i 
of the earth behind it. Tins same pres may even overthrow the piles, if they an 
not properly secured against it. 

Art 10. DraiuH. 

Brains of the dimon- 
lions in Fig 11, con- 
tain 1 perch, of 26 
cub ft; or .926 of a 
cub yd, per ft run. 

They are frequently 
bnlH of dry loabbled 
rubble, and pared with 
■pawU. When there It 
much wash through 
then, with a oonaider- 
able aiope. It ii better t« 
aontlDne the toandatlM 
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•Olid olear acro«». This U often done without ihow ohuhwi. Inasmuch as tlie adrtitioiiui miuonry la • 
mere trifle: and the excavation of a aiugle broad rouiulaiiuii pu i-. less troulde-oiue tliau tnut of two 
narrow ones. A deep tlag-awac / at the eiitraiic*.*, and others at siiort disis ul the length, maj be lo- 
troduoed in both drums and culverts, to proieci Imm iiiidernuning. , . , 

These drams extend under the entire width of the eiubki. Innu toe to tw, and iim> leiiuiuate in 
ftepa, as in the side view at S. Thc.i are of course better when built with muriar, w Uh an aamixium 
of Mment to prevent the water wlien full fii-m leaking inio and «'tu ning the eiiituiiiliinent 

Sometimes two or three »ueh drams iiiai he plaeed parallel to each <ih i insieail m a culvert. 
When two are so pl.rccd, they contain only Ih tliin « the niaRonri of one , sfill itieir nso win generally 
involve no saving of masonry over a culvert A man can crawl through Fig 1 1 to clean it 


Art. 11. The draiiinis'e of the riHMlwnyn of sfiiiic litnJirfs of at'vtMiil 
archod, ih genorjilly offi'ctiuJ liy uieaiid nf oi'i ii ;:iiiit''', 'Uiicli iJeso-mi rlightly Itmi’ 
the crowne of the arches, each way, until they reach to UoaT the eniJd ol tin- ro- 
sfieenve spaua. 


There they ditoharwe Into vertioal Iron pipes built into the masonry. The upper ends of thfl 
pipe* should be covered by gratings. When incoureniciice would re«ult liom the w.iier f.illirig upon 
persons pissmg under the arches, these pipes may be ciiried <1ohu tin* entire heighi of the piers; 
but wh“ri such is uot the case, they may extend milv to the Miflit, or iiinlei fsceol the arch; allowing 
the water to fall freely through the air from that height. 


Table 6, of approwiinale contents, in cub ydN, of a solid 

S ler of masonry. •> ft Uy JJ ft on top; and 1iHtt«‘iitig I incli to a It on ciich of 

I 4 faces. The contents of inasonri of buch forms must be calculated by the prtsnioidal formula, 
and not by taking the length and breadth of the pier at half its height aa an average length and 
breadth, as is sometimes done. This incorre<‘t method would give only 6492 cub yds as the content 
of the pier 2<)0 ft high; instead 7179 vds, its true enntent. High piers may for ecuuotny U’ buili hoi 
Jew, with or without interior cross wall* for strengthening them, ns the case nisv require; and the 
batter is generally reduood to H >uoh or less to a toot HulK>w piers require good well liedded ma- 
(Origin.-.! ) 
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BRICK ARCHES. 
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Art. 12. BrIcK ArrlieH. even good brick fit l<»r farge arches ha^ 

iur lest* cnisliiiig streugtU tliau good granite or limestone, and is inferior even to 
good sandstone, while its weight does not differ very materially from stone, it is 
[.lain that it cannot Im‘ used in arches of as great span as stone can. Some of 
ilntse already built, and which have stowl for many years, have a theoretical co- 
••ttxicnt of safety of hut ab<»ut H; whereas the aiitiiorkiesdirect us not to trust even 
'lone with more than one-twentieth of itsernshiiig load. This last, however, a].- 
pears to tlic w'nti'r to l*e one of those hasty assuiuptions which, w'hen once ao- 
mitted into pndessional books, are diitienlt to be got rid of. It is his opinion that 
w itb good cement, and proper care in striking the centers, one-tenth of the ulti- 
mate str»M)gth Is suttieiently secure against even the a\>n*>rma] strains caused by 
tlie si'ttliiig at crow ii. and rising at the haunches wiieii the centers are struck. It 
is ust'less to atlet'ipt to fix limits of safety for bad material-* jxiorly put together. 

R<>in. 1. The ( oiiimoM practiee of building brick art-lies m a series of coil" 
centric rinf^'N, asataccc, Kig 12, witli no other liond between them than 
that afforded by tlie moiiar, is censured by 
authorities, on tlie ground that the line of 
pressure in passing from tlie extrados to 
the intrados tends to separate the rings, 
and thus weaken tlii' arch by, as it were, 
splitting it longitudinally. The reason 
for using these rings, inst(‘ad of making 
the radial joiiii-s continuous throughout 
the depth 7» V of the arch, as at ft, is to 
avoid tne thick moi tar-joints at the back of 
the arch, and show n in the Fig. If the 
center of an arch built as at ft he struck 
too soon, the soft mortar in these thick 
joints will be so much compressed as to cause great settlement at the crown, 
throwing the arch out of shapt*, and creating such inequality of pressure as 
might even lead to its fall, es|K*cially if flat. As a compromise between rings 
and coiitinuous joints, they are someiimes employed together, so as to get rid of 
Home of the long radial luiiits ; and at the same time to break at iniervalft 
tlie continuity of the rings. Thus in Fig 12. which is supposed to lie brick-and- 
.i-haif deep, lieginniug at the abutment a, we may lay tialf-brick rings as Car as 
say to e 0 «; tlien ciiitliifc away the brick o to the liue e e, we may lay from 
e e to m n a block of bricks with continuous radial joints, the same as at ft; and 
then start again with tliree rings; and so on alternately. A still better, but 
more expensive, mode would be to fill ee,mn with a regular cut-stone voussoir. 

The pro^r intervals for changing from rings to blocks will depend U[ton the 
number of the rings and the depth c a of the arcli ; reference being also bad to 
rtHiueing the amount of brick cutting as much as possible. 

These points can be best decided on from a drawing of a portion of the arch 
on u scale of 3 or 4 ins to a foot. Generally the rings are made only half-brick, or 
about 4 to4.fl ins thick, as ata c; and in Brunei’s Maidenhead viaduct of two ellip- 
tic brick archM of l‘2A It span, and 24 'i'i ft rise; the boldest brick arches yet at- 
terupt«Mi; but which have been estimat«*d to have a co-eflit lent of safety of but 
three against crushing at the crown 

So many othersof from 70 to 100 ft span have Im'cii 8uoce.v*fully built entirely in 
rings of either half or whole brick thick, as to iustify us in attaching but little weight 
to the above tlieoretieal ohjoction, provided first class cement be usW, and time 
allowed it to become n*‘arly or quite as hard as the bricks themselves, before 
striking the centers. IJnder such circumstam’es we should not object to a series 
of rings even 1 T) bricks thick, laid alternately heailer and stretcher, as at ft. 

If tho brl<‘kM wor<> voiiHHolr-Hhapetl. that is, a little thicker at one 
end than the otlier, then rings a whole-brick tliick could be used without any in- 
crease in thickness of mortar-j*dnt at the back of each ring. Still with more 
than one ring, the radial joints would not bo continuous, as at ft, but broken as at 
tic. Such Iiricks however would la* mon* expensive to make; and moreover, in 
order fully to answer the inteuded purpose.they would ha>e to be made of many 
patterns, so as to couform to the manv radii iiseti in arches, and even to the 
radii of the different rings, when the dep«i» of the arch required several of them. 
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Rem. 2. Wet the bricks before laying. 

Rem. S. When the ends or faces of a brick arch are to be finished with ent« 
Stone voassoirs, these had better not be inserted until some time after the 
completion of the brickwork, the hardening of the mortar, and a ]iartial easing 
of the centers; iest they l>e cracked or spawled by the uneqnal settiemen^s ot them* 
teWes and the bricks. 


Rem. Brick orehes, from their grout niirnltcr oi joints are apt to settle 
much more than cut atone om*h when the centers are YernovcHl, and thereby to 
derange the shape of the arch, and at times, witliout due care, even to endanger 
its safety, esjpecially if it be large and flai When the span e.M eeds al»out :to to Sfi 
ft, and particularly if flat, use only iiru k ol superior ({uality in good cement 
mortar. With even best materials and work we advise the* young engineer not 
to attempt brick arches for railroad bridges <tt greatei spans than aixmt the lol- 
lowing. Considerably larger ones than some of tliem have been built, and have 
stood ; but their coefs of s^ety are not In all cases satisfactory. In this table the 
me is in parts of the span. 
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Od the Filbert Street Extennion of the Fenna R R, in Philo, 

are four brick arches of 60 ft 1 inch spaa, and wlih the veiy low rise of 7 ft. They 
are 2 ft 6 ins thick, except on their showing faces, where they are bnt 2 ft, 
joints are in common mortar, and about % inch thick. These liiur arches, about 
200 yards apart, with a large Dumber of others of 26 ft span, form a viaduct. The 
piers between the short spans are 4 ft 3 ins thick. Those at the ends of tlie 60-ft 
spaus, 18 ft 6 ins. The springing lines of all tlie arches are about 6 to 8 ft above the 
ground. One of the &0-ft arches settled 3 ins upon prer at rely striking the 
ssnters; but no fhrther settlement has been observed, althougli the viaduct hM, 
ilaoe built (1880) had a very heavy freight and passenger traffic, at from 10 to 20 
iniles per bonr. Roadbed, about 100 ft wide, giving room for 9 or 10 tracks. 
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f , A center Is a temporary wooden stnicture (built lying flat, on a ml! 
die drawing, on a fixed platft>rm, under corer or not) for supporting an arch 
while it is being built. It consiHts of a number of trusaes or Craves* A /, Fig. 1, 
placed from 1 to 6 ft apart from cen to cen, and covertni witli a flooring 1, 1, of 
rough Iwards or planks, usually laid close, and called the slieetinj^ or lair* 
l^lnir, iininediaUdy upon which the archstones are laid. In Fig i, the lag- 
ging is not laid close. There is no great economy in placing the frames very 
lar apart, on account of the greater required amount of lagging, the thickness 
ijf which increases rapidly. For the thickness of lagging see Rem P 



The centers r‘ t by th ends of 
their chords, c, upon wooden 
NtriklnK wediT^ 
supported l)y Ntaiidardfi com- 
jKiaed of posts p, whose tops are 
connectea by cap*ploee«t o; 
and whose feet rest on MirinfiT" 
t; the whole being brocra 
diagonally as shown. 

If the ground is very firm, and 
tlic arch light, the standards m.sy 
rest on it, with the Interposition 
o( adJuMtingr-blockfi, n, be- 
low the stringer, to accommodate , T^. rrt ut u l- 1 

irregularities of the surface of the ground, as In the Fig. These blocks shouU 
i)e somewhat double-wedge-shaped, so that by driving them the standa^ maj 
lie raised at any point in case it shoiild settle a little into the ground. But foi 
neavy arches the standards must rest on a much firmer foundation, such as shor 
blocks of brickwork sunk a few feet into the ground, or some other devici 
adapted to the case. Frequently projecting offsets or footings, or at times re 
cesses, are provided in the masonry ol the abutments and piers for this expwsi 
purpose ; and with a view to this it is well to design the center at the same tim< 
as the arch. 


Up to spans of 5U or f>h 
ft a single row of posts (one under each end of 
each frame) will suffice; but for much larger ones 
two or three rows, 2 or more feet apart may be- 
come expedient, as in the lower Fig 2. 

Til*'' Htrlkinfc «r lowi^riiigr-wedgres 
t)eforfl alluded to are lor striking or lowering the 
center after the completion of the arch. They 
consist of pairs of weJge-sItnped blocks, w w, at A, 
Figs 2, of hard wood, from 1 to 2 ft long, about half 
as wide, and a qtiarter or more as thick, (sufficieut 
to lower the center firom say 2 to 6 or more inches, 
according to siian and other circumstances,) rest- 
ing on the cap o, of the standard, while the chord 
c of the frame rests on them. When the end of a 
frame is supported by two or more posts p, as at B, 
Fig 2, instead of upon one, the striking-wedges are 
sometimes maiie as thme shown; and where B v 
is one long wedge at right angles to the abutment, 
and acting as four wedges which may all be low- 
ered tc^tber by Wows a^inst the e^ B. 


Figg2 
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•acli l. Dj; H* fo roach transversely acroafi the entire arch. Then all th» 
frames can ho lowered at one operation, as deBcribod near eud of Art 9. 

If we had to consider only the Iriution of dry w‘>'>d aKiiiiist dry wood, the taiwr 
of these wedges niiglit he as steep as 1 vert to ‘1 hor, without any danger of their 
sliding n]>on each other ol their own accord; arnl they would then require very 
moderate blows to start them, or even tti entirely separate them, when the center 
iiad fmallv to bo lowered. But it is of the utmost importance, especially in large 
arches, that the opntorN kIioiiIiI be very »l«wly, otherwise 

the momentum actjiiired by so }ieav\ a body a.s the arch in descending suddenly 
even but 2 or 3 ins, might jiossibly afifect its shape, or oven its safety. 

Therefore the wedges should not have a taj^r steeper than about I in fi or 8 for 
arches of less than about. 'iO ft span ; or than 1 in 8 <»r 10,for larger s|»aiis. YertieaJ 
lines at equal dists ajiart should be drawn on the long sub's ot the wedges as a 
guide tor lowering them all to the .same extent at a time ; and this should not ex- 
ceed in all about half an inch adav m intervals of about an eightli ot an inch, lor 
'.'iO ft spans ; or about .1 to .25 of an in< h per day in all, tor span.s over ino ft. 
Slowness is especially be recommended in brick arches, not only because 
their greater number of joints exposes them to greater derangenient of .sbafie, 
but beeause even gimd briek has much less than tin* average eriisliing strength 
of good granite, limestone, or .sandstone, and therelore is far iiutre lialde than 
they to crack, or even to crush (as the v/nter has sei'ii) when the strains are 
thrown almost entirely upou their edges, as descnlied in Art 3. 

At Gloncesitcr Bridiirc, England, of first ehu^s cut stone, span 150 ft, rise 
ill ft, the centers were entirely struck within the very short space of 3 hours , and 
the crown of the arch descended 10 ins ! At <ir«>t*vciior Brlci^e. ICngland, 
of first class cut stone, span 200 ft, rise 42 ft, such care was takeii in easing the 
cetiters that the crown of the arch .settled hut 2.5 ms. This eas<‘ however was 
marked by two or three peculiarities, all of whuh contributed to this favorable 
result. Namely, the center instead of being a series of frames supiiortod as usual 
i*v their ends, and of course involving an appreciable, although small, degns' of 
* sagging or settlement, eoiisistm 

essentially of vertical and in- 
clined posts or struts, see Eig 3, 
footing on four temporary niers 
of masonry, 7 or K feet thick, built 
in the river, jiarallel to the abut- 
ments, and as long as they. These 
piers supporte<l six frames (or 
rather six .scries) about 7 ft apart 
ei'ii to cen.of such strut, s, fooling 
on cast iron shoes. Eig 3 shows 
halt of one 8eri«*8. Each frame 
or .seru‘s consisted of four fan-like 
setsof post.s. all in the same ver- 
tical plane. The long horizontal pieces seen extending trom side, to side of the 
arch were bolted to the struts to increase theirstiH'ness , and other pieces for the 
same purjiose uiiit<*d the six series tran.sver>ely. Here each strut sustains Its ow/ 
share of the weight of the archstones, and transfeis it ilireetly to the unyielding 
foundation of the pier; wbcrea.s in the usual truwd centers, the entire load rests 
upon the frames, and is finally (ransferreil to the eomparatnely unstable support 
of the posts at their ends. 

The topsp of the posts of a sorie.s varied almut from .5 to 8 ft apart cen to ceii ; 
and were connected by a continuous curved rib, t /, of two thicknesses of 4 inch 
plank, ticntto conform approximately to the curve of the arch. t)ii this rib were 
placed pairs of striking-w^gesic like I-'ig 2. about 10 iii.s long, 10 to 12 ins wide, and 
tafiering If) ins, so near together (vuirying alsmt from 2..'» t<i 3..5 ft een to cen ) that 
there was a pair under ea» h lointof the arehstones, « a. On these w<Hlge.s, and ex, 
tending over all six of the frames, were the lagging pieces /, 4.5 ins thick. 

Tbiw peculiar arraiiicemeiit of the tttrikinff-wedireN and lag- 
ging has. in large siians, great advantages over the usual oneof nlaciug them only 
at the ends of the trames. In the last the entire center and the entire arch are 
lowered together, without giving an opportunity to reciil'y any slight derange- 
ments of shape or inequality of bearing that niav have occurred in the arch during 
its construction, This center, designed by Mr. Trubshaw, admits of lowering 
either the whole equally, or any one part a little more or less than the others. 
He had much experience in large arches, and stated tliat during the striking be 
found that he had an arch under better control, or could humor It better, by kee}^ 
Ing the haunches a little dow»» and the crown a little up, until near the end of 
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Rem. 1. Instead of piers of masonry for supporting the feei of the 
posts, wooden cribs or piles may often be used if the arch is over water. 

The principle of supporting even trussed frames by struts 
at points of the cnord as far Ironi the abutments as eircuinstances will admit of 
(in addition to those at the very ends) should always be applied when possible, 
in order to reduce their sagging to a luiuimum. Hteps or offsets in the 
masonry of the abutments and piers may be provided for receiving the feet 
of such struts, when they are inclined. 

Rem. 2. Ncrews may be used instead of wedges for lowering centers. At 
the Puntd’Aluia, Pans, elliiwe of 141.4 ft span, and 2S.2 ft rise, the frames were sup- 
ported by wooden pistons or plungers, the feet of which rested on sand con- 
fined ill |»lnte-iron cylinders 1 ft in diam and height, and having near 
the bottom of each a jilug which could be withdrawn and replaced at pleasure, 
thus regulating the oulllow of the sand and the descent of the center. This de- 
vice succeeded perfectly, and is well worthy of adoption under arches exceeding 
alKnit 60 ft span. When much larger than this the driving of the wedges on 
striking rci^uires heavy blows, and liecomes a somewhat awkwaru operation, re- 
quiring at timt's a battering-ram, even when the wedges are lubricated. In rail- 
road cuttings crossed by bridgeh, the earth under the arch has been 
maile to st'rve as a center, by aressing its surface to the proper curve, and then 
embedding in it curved timbers a few leet apart, and extending from abut to abut, 
lor supporting the cliise plank lagging. 

Rem. 3. All centers must yield or settle more or less under the wt 
of the arch, especially when supported only near their ends; and since the arch 
Itself also settles somewhat not only when the centers are struck, but for some 
time after, it is advisable to make tliem at first a little higher than the finished 
arch is intendiai to be. This extra height, when the supports are at the ends, 
may bo from 2 to 4 ins per 100 ft of span’ for cut stone arches (according to time 
oi striking, character of masonry, workmanship, etc. i, and about twice us much in 
brick ones. 

Rem. 4. The proper time for Hfrikinfr eenters is a disputed 

point among engineers, some contending that it should be dime as soon as the 
areli is flnl^^H•d and .sniii leiitly t»ark«'d up, and others that the mortar aliould 
fiist Ikj given time to harden It io the writer’s opinion that inasmuch as in 
< ut-stone arches tiie mortar joints should he verv thin; and since, in such, the 
mortar is at bestol very little service, it is of no importance when they are struck; 
piovidoU tim masonry backing, ami the embkt up to y n Fig 2, p 618^ have been com- 
pli-ted ; but that lu brick «u lubl'le, tie- miiiierous joiiit\ ot both of which rcquiie 
much mortar, (which for hardness should consist luigclj ol ccinent,) 3 or 4 moiitbs, 
or longer, if possible, should be allowed It to liardeu siifllcieutly to prevent nndoe 
lompresslon and consequent settlement when the centers are struck. The con- 
linuanee of the centers need not interfere writh traffic over the bridge. 

Arf. 2. The pressure of archstoiuN against a center is very trifling until after 
1 be areli i.s built up so far on each side that the joints torm anghts of 25° or 30® 
w ith ilie horizontal. Theoretical discussions on this pressure make no allowance 
for aeejdentul larringsiu laying the arebstones, or by the accumulation of material 
ready for u.s<*, lahorera working on it, &c. Without going into any detail, we merely 
advise on the score of safety not to assume it at less than about the following pro- 
portions or ratios to the weight of the entire arch, namely, in a semicircular arch 
.47 , rise .35 span, .61 ; rise ,25 span, .79; rise .2 span, .86; rise .167 span, or less, 1, 
or equal to the wt of the arch. This rives the pressure of a semicircular arch 
upon its centers rather leas than half its wt. The Wt of the eenten 
tnemMelveM when supported only near the ends must be considered as part 
of the load borne by them. 

Art, a. We have seen that as an arch o a a is being gradually built upward on 
both sides, after pa&siug the points e,e. Fig 4,*^hero its joints form angles o s c, of 
about 30° with the horizontal a a, the arch begins to press more and more 
upon the centers ; thereby tending U) flatten them at the haunches, as shown at h 
in the doited line ; and consequently to raise them at the crown, as shown at c. 
But as the building goes on stillhlgher, the added stones press much more heavily 
upon tiie centers than those bt*low bad done, and thereby tend to a final derange 
ment of the centers just the reverse of that caused by the lower ones; namely to 
depress them at the crown a, as at o; and consequently to raise the haunches as 
at n ; and this the more because the upper stones actually tend to lift or ease the 
lower ones from the lagging. In some cases where this tendency has been in- 
creased by forcing the keystones into place by too hard driving, the lagging 
under the haunches could b« drawn out without any trouble before the oenten 
'uere eased at all. On striking the centers this tendency to sink at ctowb and 
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rise at haunches is very apt to exhibit itself more or less danj^erously in the arch- 
atones themselves, as in Fig 5, causing those near the crown to press very hard 
together at the extrados, and to separate from each oilier at the intrados ; while 
near the haunches the reverse takes place. Hence tlie angles of the stones are 
frequently split and spawled off near c and h by this unequal pressure. These 



derangements are of course much num* likely to he serious in liigli arilie«! than 
in flat ones, especially if their spandrels are not sutficiently built u]) before 
lowering the centers 

In the Grosvenor bridge, before alluded to, of 200 ft span, this dangerous excess 
of pressure near c and h was prevented by covering the skew hack joint of the 
springing course at each abutment with a wt'dge of lead 1.5 ins thick at the iti- 
lrado.sof the arch, and running out to nothing at the extnidos. Beside this a 
strip 9 ins wide of sheet lead wils laid along the Intrados edge of every joint until 
reaching that point at which it was judgi>d that the line of pleasure would pass 
from the intrados to the extrados; alter which .similar strips were laid along the 
extrados edges of the joints, up to the crown. Hence wlien tlu’ centers w-erc 
struck, this excess of pressure merely couipresseil the lead, ami was tlius enabled 
to distribute itself more evenly over tne entire depth of the joints. See Trans 
Ins Civ Eng Loudon, vol i. See also top of p I2i:? 

At the bridipe at Neiiilly, France Tof elliptic arches of 120 ft .spun, 
and 30 ft rise), the ceiihTs were so radical! v defect iie in di.sigu that tlie arches 
sank 13.25 ms at crown during the time of building; and lb..') ins more during 
and immediately aftei the stiiking ; or say 2 ft in all Their construction made 
the striking very tedious and hazardoii.s; greatly endangering the llvo.sof the 
workmem and the existence of the arches. Someol the joints at the extrados 
at the haunches opened an inch each ; and those at the intrados of the crown .25 
of an inch By the exercise of great care and humoring iu lowering the centers, 
these openings were much reduced. 

Rem. 1. Chamfering; the c^ipeK of the areh««toneN diminislies 
the danger of their .spawling ofl'frora unequal pressure, as does also the H(*ra|>« 
tnfc out of the mortar of theJoiiitM for an inch or two in depili be- 
fore striking the centers. 

Rem. 3. It is evident that in order to prevent, or at least to diminish tlie 
alternate derangements of the center, those of it.s woh members winch at first 
actod as HtriitN near the haunches. Fig. 4, to present them from .slukirig a.s at 
must afienvaids act as ties to prevent them from rising as at u ; wliile tliose 

which at first acU^l as ti<‘s near 
the crown n, to prevent it from 
rising a.s at c, must afterwards 
act as struts to prevent it from 
sin king tun at 0 . 1 n other words, 
the principle of eonnter- 
hruciiiK must be attended 
to as well in a frame or truss 
for a center, as In one for a 
bridge. 



ArU 4. From the foregoing It is plain that m simple anbrac^d wovdmi 
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arcli, or curved rilj is, on account of its great flexibility, about as unfit a form 
as could be chosen for a center, except for very small spans, where a great propor- 
tional depth of rib can be readily secured. Still the writer has seen it used lor a 
cut-stone semicircular arch of :V5 ft span, with archstones 2 ft deep. Fig 6 shows 
one rib rr, and the arch, a a, drawn to a scale. Each rib consisted of two thicknesses 
of 2 inch plank in lengths of about 6.5 ft, treenailed together so as to break joint, 
as at B. Each piece of plank was 12 ins deep at middle, and 8 ins at each end; 
the top edge being cut to suit the curve of the arch. The treenails were 1.25 ins 
in diam; and 12 of- them showed to each length. These ribs were placed 17 insJ 
apart from cen to cen, and steadied together by a bridging piece of inch board, 13^ 
ins long, at each joint of the planks, or about 3 25 ft apart. Headway for traffic ' 
being necessary under the arch, there were no chords to unite the opposite feet 
of the riba. The riba were coveriHi with close board lagging, which also a,ssisted 
in steadying them together transversely. As the arch approached about two- 
thirds of its height on each side, the ribs Iwgaii to sink at tne haunches, as at k. 
Fig 4 ; and to rise at the crown, as at c. This was rectified by loading the crown 
with stone to be used in completing the arch; which was then finished without 
further trouble. 

A Ntill inorefitrik1nie'<^icanipleoft]ie use of a simple unbraced wooden 
rib, was in theold National 1 iirnpike bridgeoiei 'V UK (’reek, at < uniberland, Md 
This bridge, of which one arch with 
its center is shown in Fig 7 drawn 
to a scale, consisted of two elliptic 
cut stone arches 26.5 ft w'ide across 
roadway, and of 60 ft span, and I'* 
ft rise. The archstones were 3 It 
deep at crown, and 4 ft deep at 
hkewbacks. Each frame of 
the center was a slniple rib 6 
ins thick, compost'd of three thick- 
nesses of 2 incli oak plank in dillerent lengths fabout 7 to 15 ft) to suit the curve 
and at the saine time to preserve a width of alanit 1C ins at the middle of eacl 
length, and 12 ins at each of its ends. The thicknesses wore well treenailed to 
gether, breaking joint and sitowing from 10 to 16 treenails to a length. 

Here, as in Fig 6, there were no chords, owing to the violence of the floods li 
the creek. Tlie.se ribs wore plaeisi IS ins from cen to cen, and steadied againsi 
one another by a board bridging-piece 1 ft long, at every 5 it. These were oi 
course assist tni by the lugging. 

When the arclistones had approached to within about 12 ft of each other new 
the middle of the span, the sinking at the crown, and the rising at the haunche! 
had bwjome so alarming that pieces of 12 X 12 oak, (K), were liastiU' inserted ai 
intervals, and well wedged against the arclistones at their end.s. The arch wai 
then finished in sections between these timbers, which were removed one by one 
as this was done. 

Rem. 1. Nnch instanecH of partial failure are very instructive 
It is indeed by Midi, rather than by theoretical deductions, that the proper dimen- 
sions are arrived at iii a vast number of cases jHirtaining to engineering, ma- 
chinery, &c.* Thus we might with entire confidence of no serihus mishap, applj 
ribs of the loregoiug dimensions to spans only half as great. 

Rom. 2. Assuming the rili-planks to ho 12 ins wide, it would, as a matter of 
detail, be better to make them about 10 ins wide at the ends instead of the 8 im 
in h'ig 6 making top curve 2 ins. To secure this, their lengths, depending on th< 
radius of the rib, must not exceed those in the following; table: 


Rad 

of Arch. 

Greatest Length.. 

Rad 

of Arch. 

Greatest Length. 

Feet. 

Feet and Ins. 

Feet. 

Feet and Ins. 

5 

2 “ 5 

30 

6 “ 4 

10 

8 “ 4 

85 

7 “ 0 

15 

4 “ 2 

40 

7 “ 6 

20 

5 “ 0 

45 

7 “ 10 

25 

5 •• ‘1 

60 

8 “ 2 



* Th« yvnoR •sglaeer ■honld m«k« and pretem fall notM in detail of all aueh oa may fUl wlthl 
%li Botloe. 
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If cut 114 rimes as lone as this table, they will be very approximately 8 int 
wide at en<f8 ; or each will on top curve 4 ins. 

Art. .1. In caMes where all poHHible headway ia eaaentlal 

during the building of the arch, as in the two foregoing ones, the writer would 
suggest the expedient rudely illustrated by 
Fig 8; namely to nlaee the center** 
above the aren, instead of below 
it ; and after the arch is completed in sec- 
tion.s, a a, instead of lowcrln|p the ceu 
ters, to take them apart. 


Fig 8 is a transverse section through part 
of the center, and of the arch a a. Hi're 
r c, re, r f, are frames of the center say 5 or f* 
ft apart ; and of any depth and construction 
whatever that may V>e nwessary to insure absolute safety ; and 1 1 is the lagging 
Having built the arch from abutment to abutment in a series of sections o, a, a, ne- 
cessarily separated say a foot or more by the deep Irames, we may take the centers 
apart, and tWn fill in the narrow intermediate sections u[)on a lagging suspended 
by iron rods from the already completed sections Goofi concrete might be used 
for these narrow sections. In some cases it might he well to use de<>p plate* 
iron riba of I section, resting the lagging on the lower tlange Part of the 
web might be left remaining embedded in the masonry , and the iippa r part and 
both flanges removed after the arch is finished. 

Art. 6. Centers with hor chords c c Fig 9 are oblectionable ( notwith- 
standing their atrenglb 'in large spans of great rise, as on right side ol the Fig, on 

account of the excessive length 
required f^or the weit members; 
and hence it will in such eases 
usually be found expedient to 
adopt something analogous to 
what is shown on the lelt baud 
of the Fig Here a truss /, shorter 
and shallower than that on the 
right hand, is substituted for the 
latter. At its ends provision must 
be made for supjiorting not only 
itself, but the archstones belon 
it. As the pressure of these low- 
er archstones is comparatively 
small, this may usually be effected 
by resting the end of the frame 
f ui>on another and shallower frame o a. This may in large spans i)e aided by 
either inclined or vertical strut.s. either single or braced together ; or a.s the trestles 
on pl037 Sometimes one shallow truss like f is sustained ufion amtther truss 
throughout its entire length. The striking-weageh for tlie.se various supports may 
be pl'med at either their tops or their feet, a» may lie most convenient. 

Art. 7. For flat arches of 10 feet clear span, a mere board o u 
Fig 10, 12 ins deep, by 1.5 ins thick, with another piece c of the same thickness 
' on top of it, trimmed to the curve, and con. 

fineil to 0 0 liy nailing on two cleats of nar- 
row Ixuinl, will answer every puriiose with 
intervals of 18 ins from cen to cen. If the 
upl>er piece also i.s as much as 12 iusd(H‘pat 
its center, the clear span may Ihj extended 
to 15 ft. 

For spans of 10 to 15 ft. and of any 

rise, two thicknesses of jjlank from I to ? ins 
thick according to span ; 8 to 12 ins wide at 
middle of each i>iece, in lengths as per table, Kent 2, Art 4, well nailed or 
Mpiked together, according to span, breaking joint as In Fig P», will answer for 
distances of 2 to 3 ft apart cen to cen. For greater dists apart increase the thick- 
ness of the plank.s proporti(»iialiy. 

If the centers have to be nioveii from place to place, to serve 

for other arches, then, to preserve them from injury in handling, their feet should 
be united by nailing on one or both sides of each frame a chord piece of about 1 
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inch board , ami also a vj‘r<ical piece or pieeas of the same size from the center 
of the chord to tlie top oI tiie Iratue. / 

Even when I he.v are not to be moved, the chord piecas are useful 
even in so small spans, inasmuch as they render the sirikinj? easier, by not allow- 
ing the feet of the nlis to give trouble by spreading outward and pressing against 
the abutments 

For Hpans of 15 to 30 ft, and for any ris(‘ not less than one sixth of the 
■vpan, the following dimensions, varying with the span, may be used for distances 
apart of :$ ft from cen to cen 
.'■lee Fig 11. For Iho bow />, 
two thick iii'sses of 1 to 2 iiieli 
plank Irom 9 to 12 ins wide 
at the middle,, and from 7 to 
19 ins at each end, well spiked 
together breaking joint as at It, 

I'lg «. For I hr clionl c, two 
thieknes.ses of plank of same 
size as the how at its middle; 
placed on outsi<h*s of Ikiw, and 
well spikeil to its ends A 
vrrtic'iil r. in one piece as 
wide as a how jilaiik, and twice 
as thick Its top IS i)laccd under the bow, and is cotiflned to it by tw-o pieces, o,o, 
ol bow plank twice as long as the bow plank is deen.aud spiked to both v and the 
how. 'I'he tiHit <if I' passes between the two thicknesses of tlic chord c, and is 
spiked to them. Two obllqnr t ir-Mtr iitH, s, each of two pieces of bow 
plank, out.side of the Ikiw and vertical r; footing against each other; and spiked 
to bow and a These with v dnide the Ikiw inbj 4 parts. 

Rrtn. 1. The above dimen.sion.s are suitable to a rise of one sixth If the 
rise is one lourtli, the tbiekneMN only of theplanksniuy be riKiucedone third 
puit; and lor a rise of one third <»r more, we may reduce to one half. 

Rem. 2. If in the larger of these spans the struts g should show any incli- 
nation to bend sideways, nail on .some picce.s I from frame to frame. Also in the 
larger ones with rises exceeding one third, insert four double struts s, instead 
of two; thus dividing the how into 6 parts, as at left side of Fig. 11. For spans of 
25 to 35 ft, add also two si ruts like a a, of same size as v. , 



Art. 8. For HpanM greater than about 30 It, the writer believest 
that as a general rule (liable to iiKKlifications ai>cordlng to the judgment of the 
engineer in charge) the following ideas will lead to safe practice. Namely, to 
adopt a bowstring tnuss with a simple Warren or triangular web, as at / on the 
left side of Fig 9. The bow to rest on the chonl, and each to be of a single thick- 
ness. Tlie web inemberH(esjKH lally in large spans) to be also of single tliickuetw, 
and placed below the bow, resting on the chonb. and well strapiied to IkjHi, so p 
to act as cither ties or struts. In smaller spans the wch members may each be in 
t o thicknesses, oue bolted or tiwiiailwl to each sido «)f the bow and cliord. Other 
iiKxles will sugge.st themselves: hut wo haxe not spiu*c lor Midi details. 

Or a webof the llowc, or of tiie Pratt system, ason tlm right side of tig 9 may be 
used. Hut in reference to both of thc.se it may bo rcniarkcd that the uweof 
loiiir iron rodts In eentera of large snans is highly ohjcctionahle, owing 
to thediflerent rates of cxnan.siou between iron and wood. Iherefore if these 
vsicms ar*; ustHi. uii ib*' members should be of wood. The lattiee may be us^ 
' Even when the rise of the arch exceeds .25 of the siiau, it is hotter not to lo 
that of the center* exceed that limit; but a«lopt the exiiedient shown at 
the left side of Fig 9, wdth a rbe of aWiit one .sixwi ol the spun. 

Rem. 1. To lix on the number of web trinng;lcs in a Warrei 
tru.ss or frame bir a center, llud the square root ol the sjiuu. and to It add on< 
tenth of the span. Ihvitle their sum by 2, and f :U1 the quotient ». Divide th< 
span by rt. If this quotient i.s a whole number u.se it; or il the quotient is partlj 
decimal, use the whole number nearest to it, as a distance in loot to be stoppl'd on 
along the chord ; thus dividing the chord into u numbi*r of equal parts. All tin 
points thus found on the chord, are the places for the feel of the triauglra 
Next, from half way lictween each two ot these piduts, draw vertical lines to th< 
bow. The points tiius found along the bow, are the pl^ea of the ^p* of th< 
triangles. This rule will lie used in connection with the tollowmg Table of Area 
ol Hows, as the two are dependt ut on each other. 

In large arches the Umber of tlie bow Mhould not ^ WMt^ b; 
trimming its upper edges to the curveof the arch, but should be leR straight ; am 
separate pieces so trimmed, like c in Fig. 10. should be spiked on top of them. 
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The transverse area of the bow* iu square inches, niaj be taken from 
the following table : and may in practice be assumed to be uniform throughout 
its entire length ; wliich in fact it is Quite approximately. See Item 2. 

TABLE FOR BOWf^TRIBrO CEMTER.S. 

Table of areas in square inches at the crown of each Bow, of properly 
trussed Bowstring frames for centers of stone i>r brick arches. The frames to 
be placed 5 feet apart from cen to ecu. With these areas, the combined weights 
iOf arch, center (of oak), and lagging, will in no case in the table strain the Bow 
’at crown of the greatest spans quite 10(H) ll>s pi'r iMiuare inch ; diminishing grad- 
ually to 600 or 700 lbs in the smallest .spans, which are more liable to casualties. 

Although centers of moderate span are usually made of white or yellow 
pine, spruce, or hemlock, all of which are considerably lighter than oak, w'e have 
for safety assumed them to be of oak, in preparing our table. 

For spans of from 10 to 20 feet u.se the same sizes as fur 20 feet. 

I Original. 

I Rise in parts of the Span. 

I .a .4 .35 .3 .25 .2 .15 .1 


Span ' Areas of transverse section of Bow* 

in met, \ square inches. 


20 

14 j 

17 

1 

1 21 

24 

29 

1 38 

1 59 

25 

18 f 

22 

1 25 

28 

33 

4U 

' 53 

80 

30 

Zi 1 

28 

32 

37 

43 

51 

; 71 

103 

35 

28 

34 

40 

4.5 

54 

64 

1 87 

126 

40 

34 1 

41 

48 

55 

65 

77 

106 

150 

45 

40 

49 

57 

65 

76 

92 

! 126 

176 

50 

47 

57 

66 

76 

89 

107 

i 146 

203 

55 

53 

64 

75 

87 

102 

121 

1 166 

233 

60 

60 

73 

85 

99 

115 

135 

1 187 

263 

65 

68 

81 

96 

no 

129 

151 

209 

294 

70 

75 

90 

106 

122 

143 

1 168 

23;( 

325 

75 

83 

99 

115 

133 

157 

184 

256 

367 

80 

91 

■108 

125 

145 

171 

201 

279 

390 

85 

99 

117 

136 

1.57 

185 

! 218 

302 

423 

90 

108 

127 

147 

169 

199 

> 235 

325 

457 

95 

115 

136 

158 

; 181 

214 

252 

348 

490 

100 

123 

146 

169 

194 

229 

270 

372 

624 

no 

133 

166 

191 

219 

260 

307 

420 1 

692 

120 

155 

187 

213 

246 

291 

.346 

470 i 

660 

180 

172 

208 

237 

274 

32:^ 

384 

520 1 


140 

190 

230 

263 

303 

357 

424 

672 ! 


150 

209 

252 

289 

333 

393 

466 


1 

160 

229 

276 

315 

365 

m 

609 


! 

170 

250 

299 

m 

399 

469 




180 

272 

823 

373 

4.35 

511 




190 ' 

294 

847 

403 

472 





200 

318 

372 

435 

509 






Item. 2* The sguare root of any of these areas gives in inches the side of 
p square bow or that area. The distances apart of the triangles which form 
the web of the frame, having first been found by Kern 1 (fur said Rem and this 
table are deiiendent on each other), the above areas for bows 6 ft apart from cen 
to cen, suffice not only to resist the pressure along the bow, but also, as square 
beams* to sustain with a safety in no case less than about 6, the load of arch- 
itones resting upon them between the adjacent tops of two triangles : and with 
rery trifling aeflMttons. It is therefore unnecessary to deepen the ribs for that 
purpose: although it may be done (preserving the same area; iu case consider- 
itions or detail would render it desirable. 

As before sugnested, it will generally tie brat, in spans exceeding 30 or 40 ft, to 

S ve the bow anse not exceediDg about one iift.li or one sixth of the span ; and 
snpport the frames as at/, Fig 9. 

Tne slse of ilao chord may he the same as that of the bow ; and tike it 
uniform from end to end; care however lieing taken that it bo not materially 
weakened by footing the bow upon its ends ; or (when too long for single tim< 
tma) by the splicing necessary to prevent its being stwobed or puHed apart by 
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the thrust of the 6ow. When, however, the chord can be placed at, or a little 
below the springs of the arch, all danger of this kind may be avoided by simply 
wedging Its ends well against the faces of the abutments. 

An to tbe nine of the web membem, when a bowstring truss is 
fully loaded on top of the bow, (as is approximately the case with a center 
and its archstonos.) the strains on the web members are quite insignificant, and 
arise chiefly from the weight of the center itself; but wblle it A being sw 
loaded, they are not only greater, but are constantly changing, not only in 
amount, but also in character— being at one period compressive, and at another 
tensile. | 

Hence it would be very tedious to calculate the dimensions of the web members^ 
Fortunately the necessity for doing so is in a great measure obviated by the fact 
that a center being but a tempfirary structure, the timln'r composing it is not ulti- 
mately wasted if a greater quantity of it is used thau is absolutely re(julred. 
Moreover facility of workmanship Is secured by not having to employ timbers 
of many different sizes. 

Hence the writer will venture to suggest, entirely as a rule of thumb, to giv€ 
each wt*b member- half the transverse area of the bow, 
taking care to make each of them a tie*Mtrnt. 

K«^m. 3. A*i to detailN «*f joint#*, we refer to the Figs on pages 786, 
736; merely suggesting hero the use of long and wide iron shoes where timbert 
are subjected to great pressure sideways. 

Rem. 4. To prevent the thrust of the bow when its rise is small, from split- 
ting off the ends of the chords, the two may be unitetl by many more bolts thar 
are employed In roof trus.ses, &e, where only one is genei ally placed near each end 
of the chord. But they may when remtirm be insertfsi at intervals extending t< 
many feet from the ends. They should have strong large washers ; and may hav* 
about the same inclination as the shortest web member. 

Another way of securing the same end in smaller spans, is by completely en- 
casing the two sides of the bow and chord, to a distance of a few feet from theii 
ends, in short pieces of board or plank spiktsl to both of them, and having aboul 
the same inclination as just suggested for bolts. , 

Rem. 5. Build up Iwth sides of the arch at once, in order to strain the cen 
ters as little as possible. 

Rem. 6. When a bridge consists of more than one arch, and they are to w 
built oue at a time, there must be at least two centers; for a center must no 
l»e struck until the contiguous arches on both sides are finished, for fear of over 
turning the outer unsupported pier. Therefore if there are but two arches, the; 
must be built at once, requiring two centers. 

Rem. 7. AIwByii use nupport#* either vertical or inclined (and pro 
vided with striking-wedges) under the frames, and intermediate of the end sup 
ports, when possible ; even if they can extend out but a few feet from the abut 
men^ as at left side of Fig 9. 

Rem. 8. The weight of largre cen ten* and their lagging is greats 
fnr Oof tUtin Cnr nriM ni' tiiA aaTnA Hnan and slso aDuroaches neafc 


to that of the supported arch. , , . . 

Rem. 9. Thlekne«ii of laKVrlaiK. The following tabic ^vesthlckneaae 
which will not bend more than an eighth of an inch under the weight of an; 
probable archstones adapted to the respective spans ; and generally no 
BO much. . , 

TABLE OP LAOGINO.-Onginal. 


Distance apart 
of frames, 

In the clear. 


Feet. 

6 

5 

4 

8 

2 


Span of center in feet. 


10. I SO. I 

Thickness of close 1 




50. 1 

100. 

150. 1 

200. 

1 1 

not to bend i 

inore than 
Ins. 

% Inch. 
Ins. 

4\4 

4% 

fi 

s^4 

8 % 



4 

2U 

2% 

2% 

2 

1'/h 

3 

2 

14 


with thleiinesses three quarters as neat as these, the bending may teac 
a full quarter inch ; which may be allowed In diets apart of 8 or more tL 
Rem. 10, Centers ai^e framed, or put together, (like iron bridges) on 
firm, level temporary fimir or'plaffi>riu, on which a full-size drawing of a frame 
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Arst made. As each frame is finished, it ia removed to ita place on the piers oi 
abuts. 

Art. 9. The Wis^tahiekoii Bridge of the Rcaihni; K R, at rhilidclidiia, 
has ti\e archeh of 6.') ft span. 23 tt rise, 2 n tt wide iarchslom-s 3 ft deep, with dii'ssi'd 
beds and joints, in cement mortar); with four cutslone piers 0.5 ft thick :it top. and 
from 3,') to oO ft hiRh. Tt contains about lfi400 cub yils oi masonry,* Kaell renter 
consisted of 7 Iraiiiea or trusses of henilock timlnT, of tlio Howstiing piittein, witli 
l^tice web-mem liers ; and as noaily as may be, oi the samo span and 

rtee us tlie arches. They were placeil 4.5 ft a(>art fiom center to center; and weie 

supported near each end j. Fig l.'t 
ta tran'«\eise section to Mule^ liv 
a hemlook jiost p, 12 iii-. »(inaie. 
The 1 n>H' w.isol two thi( kne^ses 
oi hemlock plank, tl ins apart 
clear, in lengths (tl Pit. with their 
upper edges cut to suit the curve 
of tlie arch. Each piece w as 4 ins 
tliick,liyl3.5iiis»lccjiat it.- middle, 
and 12 ins at itseiuK The^e pieces 
did not break joint; hut at each 
Joint were lour inch bolts, willi 
nuts and wasloTs, iiniting tlictn 
with < bocks or filting-iri piect s. 
The bow, /)b, lootMi on top ot the ends of the choids /; and tbe angle fottneil by 
their meeting (seen only in a side Mew) was (for alauit 2 fi ti liuri/.ontal and o ft 
vertical^ filled up solid with vertical pieces, to affoid a firmer hase for lostnig iho 
frume on n ; beyond which it extends (in a side view > about li5 ms. 

The chords / were of two thicknesses of 4/12 hemlock plank, 6 ins apart 
clear, and most of them in two or three lengths . liieaking joint, and with two 
Inch holts, with nuts and washers, at each joint, for boiling them logetlier. and to 
ai)iiig-in pieces. The web llieirsberw of eaeli frame were 2t) l.ittn os, n, of 
Jt'x 1- h»ch hemlock, croB.sing each other about at light angles, at intervaln of about 
3.5 ft Irom center to center, and passing between the two lhicknes«.e8 /j/iof the bow, 
and //of thftchords. A few of the lattices were in two length', and tin' joint' were 
not at the crossings. The lattices were connected at ea< h < ros.sing hj two b ird wisvl 
treenails 9 ins long, and 2 ms diam; and one sucli, IS in' long, passed tliroiigli th" 
intersection of eacli end of a lattice witii a laiw or chord The first lattice Icsit' 
about 4ft Irom the end tf a choid. They do not extend abo\e tlie top of the Imw 
All the spaces between the two thuki'csses of how oi chord, where not uctuiued by 
the ends of lattices, were completely filled by chocks, well , -piked. 

Eacb frame contained uhout 300 cub ft of timber; aud weighed ithoiit f 
tons. They were very flexible laterally until in place, and braced togetliei by 4 
transverse horizontal planks spiked to their chordn ; and by 5 others above them, 
apiked to the lattices. 

Until the keystones were placed, all the joints of the fnitnes coiitmiied tiglit, under 
Mie pressure from the arch, and from the unfinished i>ai king to the heiglit ot about 
i4 ft aliove the springing line; hut after the keystones were set, all the joints ot ili« 
chords alone opened from .25 to .76 of an inch ; and at the MUiie tune the lagging iin< 
Jer the /iaimc/n» of the arches became elighlly separated from the soflit of iheiinihunry. 

Each renter Hank hut a full inch at the middle, uuder the pn>ssuie from 
the an h and 14 ft of backing. 

Tbe portion of the bridge above tbe piers was about two thirds completed before 
the centers were struck. 

There waw one wedlfC m, w, (32.5 ft long, of 12 X 12 inch oaJc) under each 
md of a center. It w’as trimmed to form 7 Htmilier ones w, m>, each 4.5 ft long, and 
Apering? kis; one undereach end of each frame /. They plaj«*d between t.i|>ered 
>lo.'ks a, a, of oak, 2 ft long, 1 ft wide, let 1 inch into tbe cap c, or into the piece w, 
m which lost the frames /,/, rested. The sliding surfaces were well lubricated with 
Allow when put In pla»;e. 

The wedipeft were etriick with case, at ou« end of a center at a time, by an 
ak log battertug-ram 18 ft long, and nearly aft In diam, suspended by ropes, and 
iwung and guided by 4 men. They generally yielded and moved several iuches at 
he second blow with a 3 or 4 ft swing. Although each wedge was loosened enUrdf 
vitbin 2 or 3 minutes, thas lowering the centers vary tuddmiy, yet on account of the 

* Tbit torMgs. flaiibed wltboat aodMent, in 1883, refleci* niaoh oredli on the tnte WlllUiu Lor«n«t 
Uq, Cb. Eng; on Mr. Cbarles W. Buohboti, AitsUUnt In ObvrgM • and on the »kMful and energftio 
KmiractorH, Wr'illiam k Jainea Nolan, of Reading, Penna. 'I bnw taat moat ourdiallr aaiUiea Ur 
vnter Id ohaervaUona during tbe enUre orogreaa of Uie work. 
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good cliaracterof tho ma>onry, not the slightest cracK of a mortar joint could aftea 
wanis be detected in any part of the work. After three days the average sinking or 
the keystones was only ."‘iS of an inch; the least was and the greatest ^ ot M 
inch. The heads and’ feet of the posts p compressed the hemlock caps c, and the 
sills, alsiiit % of an inch each, showing that for arches of this size the caps and sills 
bftd b<*tter of wonie harder woi»d^ an yellow pine or oak; altliouRh probably tbe 
eompreeHioD wan bicilitaUkI by the large mortices, 3 by 12 Ins, and 6 ins deep. 
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TIMBEB DAMS. 


Primary reqaislt€M», iu the erection of ditnis, are, a foundation auffi' 
sientlT firm to prevent them from settling, and thus Idaking; the prevention 
Df leaks ihroiigli their backs., or under ilieii bases; and tlie prevention of wear 
of the bottom of the stream in fn>tit of tlie dam, by the action of the iallinr 
rater. For the first purpiwe, hard level rock bottom is of course the best ; and 
ibould be chosen, if possible. In that case, thick planks, tt. Fig 6, (single or 
double, as the case may be,) closely Jointed, and reaching from the crest, c, to 
the back lower edge to, (where they should be scribed down to the rock ;) with a 
good backing, 6, of gravel, will suffice to prevent leaks. Gravel, or rather very 
gravelly soil, is far better tiiau earth for this jmrpose; for if the water should 
chance to form a void in it, the gravel fulls and stops it. To prevent this hai k- 
ing from being disturbed near the crest of the dam, hy floating bodies swept 
along by freshets, a rough ^laveinent of stones, about 15 to 18 inches deep, as 
shown in Fig 7, should be added ft»r a width of about 10 to ‘20 f»-ct; or until its 
top becomes a to 0 leei below the crest c ol the dam, according to clrcumstances^ 


c 



In Fig 1, (a dam on the Schuylkill navigation,) the upfier timbers, e, are all 
^ose jointed, and laid touching, so as not to require planking in addition. 

But if the bottom of the stream is gravel or earth, tlier( must in addition to 
these be used two thicknesses of sheet piles, p, Fig 2, &c, close driven, breaking 
joint, to a depth of several feet, to prevent leaking through the soil beneath 
the base of the darn. Frequently hut one thickness is used. If the bottom is 
■oft or open for a depth of only a few feet, it is at times better to remove Jt, and 
base the dam oti the firmer stratum below ; still, however, using the sheet piles. 
Old decayed timber and other rubbish should be removwl from the base. In 
very bad soils of greater depth, it may he necessary to support the dam entirely 
upon a platform resting on b'-aniig piles. Here great precautions are neces- 
sary against leaks; but the case occurs so rarely, that wc aball not atop to con- 
sider it. 

As to the wearing away of the bottom of the stream hy the water falling over 
the front of the dam, precautions should be used to all cases except that of very 



oard rocc, or of nedlnm rock protected by a considerable depth oi water. The 
dam, Fig L was built opon a tolerably firm micaceous gneiss In nearly vertical 
atraia. covered bj:about2 featofwater in ordinary stagaa InaSyeait Otsrooli was 
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worn away iu front of the dam, aa shown in the Sg, to the average depth of 3 feet ; or nearty I 
inch imr year. The depth of water on tlie crest c, was usually from 6 to Itt ins , rarely • or 6 ft dur* 
ing freshets , and but a few times during the whole period, d or U ft. 

At JoiieH'H dHm, on Cape Fear River; height uf daui, 16 ft; front vert; 

fall, usually 10 ft, into 6 ft depth of water, the soft shale rock, ui vert strata, was. In the oourae of 
a few years, worn away IB ft , and the dam was undermined to such an extent as to lail into the cavity 
In another case, dam dB ft high , front vert; the waUT railing upon nearly tert strata of hard shale 
tick, usuiilU oovered hy liuuabuut 2 ft of water, lu about 20 years wore it to an irregular depth of 
from 10 to 20 ft, and extending from the very face of the dam, to '0 or bO ft in trout ol It. 

In Fig 2, upon a btream subject to very violent freshets, the gravel was washed away lor a oonsid 
ersble width and depth lieyoud the apron, as at A. To prevent a repetition, the cavity was tliled 

A deposit of blocks of loose stone, of even 
a ton weight or more, wilt not serve as a pro- 
teciiuu in front of a dam exposed to high 
freshets, hut will soon he swept away. Af 
common preoaution against this wear, in low 
dams, is an apron, aa. Fig 2 , ur d d. Fig 3; 
of either rough round tree trunks, or of bewa 
timber, laid close together ; extending under 
the entire base of the dam, and from 15 to 30 
ft ID front of lU face. These are sometimes 
bolted to pieces, «s, Fig 2 . or yp, Fig 3; laid 
under them across the stream, lu Fig 3, 
with very soft bottom, these pieces pp an 
sup|K>stMl'to be bolteu to short piles tt, driven 
for that piirpohC. 


with cribwork full of stone, clear across the river, 

C 



At times a distincf wide low timlier crib, filled with stone, snd covered on top wltii stout plank 
has Ix'CD placed in front of the dam, to receive the fall of the water , aii'l is cnectlve In protecting 
the iM.itom Also In some oa-es. a dam of tus height, and of cheap character, has been built at a 
*h(>ri distance down Ktream from the main one, in order to secure at all times a deep ihioI in front 
of the latter for breaking the force 


Another precaution Is to 
substitute a sloping front like 
el. Fig 4. or such as Figs 1 
and 2 would form if reversed, 
for the nearly vert one of the 
other figs , thus to someextent 
reducing the force of the wa- 
ter. This, however, is but a 
partial remedy, espeoially 
for soft bottoms in shallow 
water, for the sliding sheet 
still descends w iih great force. 
The best form of dam, per- 
haps. id such cases, is that 
shown in Fig 5. in which the 
front consists of a series of steps of 
about I vert, to S or 4 hor. These ef- 
fectuallT break the force of the water , 
and, wiih the addition of an apron oo, 
secure a satisfactory result. It Is ob- 
jected against this form, a* also 
against Figs 4 and 6. that their fronw 
arc liable to l>e lorn by descending 
treoH. n-c and other bodies swept 

along during fresheU , but experience shows that this objection has but little vj’tRhA - 

bodies jiass, ihe sheet of water is thicker than usual ; and prot««cts the front timbers. On theSoo 

>iav, ibu ilmbcrN rl, Fig B, s'-urcoly wear thin at the rate of an inch In 10 to lo years. 
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ROCK 


The fornifi of woollen dame at^ many ; (ooe 

those most used i varvlnc aUh the olroumsunees of the case, and with the fancy of the dengliw. 

In tk« United Rules t^ify*are usually of cribwork. of either cTr Jl^Asii 

hewn timber: In either onse about a foot throagb. These Umbers are mereJy laid on pop of each 
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Or, the crUi* niny be built at first only a few feci high ; 



thor, forming in plan a aeriei of rectangle* with sides of about 7 (o 12 , "®!' 

together, but simply bolted by 1 inch square bolts (often ragged or jagged i about 2 u * j (eel long 
tirough two limbers at every interseotion. These are not touiid to rust or wt ur st-noush , cm'U whca 
saposed to a current. Square boUt hold best. Kuund lugs arc tlaticucd wiicic they lie upon ea^ 

Other. Experience shows that hrnier but more expenshecouncctiouHaieeutircl) unnecessary. Jtn 

enbs are usually, but not always, tllied with 
rough stone. In triaugular daiux, disposed 
as in Figs 1, 2. and 7, this stoue tilling is 
not so csseutial as lu other tonus , because 
the weight of the water, and of tlie gravel 
baching, tends to bold the dam down on its 
base. Still, eveu in these, whtu the lower 
tiiuhers are not bolted to a rock bolloiu, or 
otherwise secured lu place, some stone may 
be necessary to prevent the timber^ from 
floating away while the work U unfluished, 
aud the gravel not yet deposited liehiud It. 

On rock, the lowest timbers are often bolted 
to It, to prevent them tram floating away 
dwxng coiuCructuni . aud w hen the w aier 
is some feet deep, this requires cofter-dauis 

then floated into place, and sunk by loadir^ . . _ 

platform or flooring will be reqd in the cribs, a little alKne their lowest tiiulicrs The Imlnng to the 
rock may then be dispensed with The water may flow through the ois-n unhwork as ilu building 
higher goes on ; aitculiuu being paid to adding stone enougti to prevent it floating away it a treshel 
should happen. Ur, cribs shown in plan at rt. Fig b. loadid with 
stone, may be sunk, leaving cue or mure intervals like that at uooo, 
between them, for the free escape of the water. These openings to 
beilually closed by floating into them closing cribs sha|H‘d like n 
The workmanship of a dam in deep water can of couise lie niueh 
better executed in coffer dams, than by merely sinking cribs The 
joints can be made tighter tbe stone lining belter pacUrd ; the shc< t 
nilliic mcie liu'i’v IM.ed, &c 

Win II a VI ry iiii' vC' rock hotioiii in deep water, or the intrudiir- 
lion of aluices in the dam. oraiiv mher cunsnleintious, make it ex- 
pedient to build dams nithiii coffer d.iins, both should lie earned on 
in sections ; so as to leave part of the channel-way open for the es- 
cape of the water (’oninietioing tu one or both shores, tlu lii«i sei lion of the r. fler iluiii nmv reach 
•ay quarter way or more iit’ri'ss tl * stream In the aietiun ot the duiti iihclf built within thi> enclca 
ing cofler-dam,' ample slaices should be left for the water to flow through when we come to build the 
.loamq section of the coffer-dam. When tbe dam has been fluished, these *lu,ces may he closed 
by 4rop*tiinbeni*. Befoic removing one section of cofferdam, the outer end of the enclosed 
•eotlon of dam itself must be Armly finished in such amanoer as to constitute a part of the inner 
end of the next section of cofler dani. it is inipussihle to give details for every contingency , the en 
gineer must rely upon his own iDgenuity to meet the |ieculianiies of the ease Is fore him In sunn 
CHsea of shniliiw water, mere mounds of earth may answer for coder dams, or rough hlonc mounds 
backed with earth or gravel 

After the water has passed lieyond tbe crest, c in the figs, there ts no necessity for prevenilqg Its 
leaking down among the crib iinibers • on the contrary, the thn k si-iHiting planks, (or squared tiiu- 
hers, as occasion may require t cf. Figs 4 and ft which form the vl«<)>es along which the water then 
flows In some dams, are usually not laid close together, but with 0 {s-d joints of about H 
tween them, for the express p'urfsise of allowing part of the water to fall through them, so u to 
keep the limbers beneath them partially wet w bleb, to some extent, renders them more durable. In 
Pigs 1. 4, 6, and 7, the water of the lower pool flows freely back among the crib timbers, and rough 
quarry stones with which the cribs arc Blled either partly or entirely lu Figs 4 and 6, these stones 
are not shown, in the dam. Fig 1, none were used. In Fig 2 they were as shown. 

A snbsuntial, and not very exiiensive dam of tfle form of Fig 7. iup > *k- built o' rough stone In 
uement. Some bewn timbers should be firmly built borlxontally into le masonrv of the slopiug 
back cn to, at a few feet apart, with Ibelr tops level with the surf of the mo-sonry. I'o these must be 
well spiked olose-Jointed sbeeting-plank enw, for protecting tbe masonry from the action of the 
vater, and of floating bodies The gravel backing 6. may tie omitted , hut tbe sheet piles p, and an 
ipron in front of the dam, will be as indispeusitble in yielding soils, as if ihe dam wcie of timber 
Figs 1, 2, 4, 6. and 7, are sections drawn to a scale, of existing dams in Pennsylvania, that have 
stood sueeessfally the force of heavy freshets fora long series of year* i These freshets at times carry 
along large bodies of lee, trees, houses, bridges, Ac , and have risen to II ft above the crest*. Fig 1, 
on the Sch Nav was built in IK19, and served fierfectly for IW vears, until in IHbh the decay of much 
of it* timber, especially of the close-laid top ones, e. rendered It to eessarv to build a new one Just in 
frontof U. It was of exireroelr simple construetlon . and was never IIIImI with «tone. The liottom tim 
hers, o 0 , 10 ft apart, were bolted to the rock • aud imniediately over each of them, was such a scries ei 
ioelined ilmliers as is shown In tbe flg. The lop ones, «. however, were close jointed und laid touehiug 
•0 as to form the top sheeting, instead of thinner planks. The short pieces at I were laM in the saiM 
way. No coffer dam was usi^ . but the bottom piece* were first hulled to the rock . Id ft apart , then 
the stringers and the sloping pieces were added. Tbe close covering (•) was carried torward from 
each end of the dam, until at last a apace o' only about 00 ft waa left In tbe center, for tlir water to 
pass. Tbe eloae oovering for this space being then all got ready, a strong force of men was set to 
work, and the spaoe waa covered ao rapidly that tbe river had not time to rise auffieienlly high to 
Impede tbe operation. 

* TImliers ready prepared for closing an opening throngb which water is flowing; and suddenly 
dnpptd into plaoe liv means of grooves or guides of some kind for reulninf; them In position. Bev 
mwi snoh timbers may at tiroes he flntilv framed together, and then he all dropped at once ; otoaing 
tbe opening or aluiee at one operation . espeoisHy wbao It is of small sIm. In acme oases, a crib 
my DC sunk on the yp-atream side of such an opening, for eloslng it. 

T^oae on the Hchnyikill Navigation were obligingly furnlahod hy JanM F. Bmith. Baq, chief 
•Mnear and auperinlendant of that work. Other vdaabla lotematlan from the same aouroe will 

• found In dlflirant paru of this volume. 
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Ku 2 dam on the JuuiaU. here «• are timbers stretching clear acroRs the atream, 

ItiDoiii tiH) ft.) aitd HMKtaiuiug the avtron au, of stout hewu timbers laid touching. Thu dam «a» tilled 
eiiti ntoiie. foi ihd roiduunti of which the front Hheutiag plaulu. weic udiieii. 

Kik h H oa the Sell Nav , was hunt lu IHja It i* u fmiu much a|ipnuud of ou that work, for each 
.1111 itiDiis, uami‘\\ , tlritt rock foiiu'lutiuii, with a cousldcraiile depth of water iii fioiit. 'I'tie highest 
d iru M fij ou the Sch Nis . u tirv similar io ii, Imilt iii I»j 1. Ail the dams ou tins work are of 
III wa mulHT, chii'ttv white mid tciinw piue. The water oeca'ieiially rvius Iroiu H to I’i feet deep over 
•hi ir cres^^ , mid ihi'ii ovei Hows .iiid MiinmuU manj of Ihu ahuts. The vertical hack allows the 
ourtlowiiig water lu leak dowu aiuuug aU. the lower Umbers of the d.im, aud thus tend to then 

IiriMortmuiu 

i-'iR t shows the dams on the Mouongahida Hlaokwaler navigation, \V. Miluor Uoberta. eng. Thej 
arc of round logs, with the hark ou , tlaticiii-d at crossiugs. The longest oues in the Hg are 10 fee( 
apari atom; the length of the dam Kvperieuce shows that hiieli dams possess all the Btreugth dcccR' 
i.ary for violent streams. On rook, the lowest umbers are bolted to ll- 
Kig 7 has been suooesafullv used to heights of 40 ft * 

Fig t IS intended nierelr as .« hint for a verv low dam ou yielding hiittoin Its nimn supports ara 
pill's 1 1, from 1 to H ft apart, nccordmg to the height of the dam , and oihei ciiciimstLiiecs , and tt 
are short pil>'s for siistminiig the .ipnm dd It mm lie extended lu greater heights hy adding braces 
lu front . wlu. h mat lie uovered liv stout planks to imiu an luctiiied slide for the overtilliug water. 

M itn eHeeine arraugeineiits of piles and slopiui' tliiiliers for dams ou soft ground, will suggest them* 
s 'Uei to the engineer Thus, at lulerv'ilsot sever il feet, rows of H or more piles may he dm on traus- 
ver'Clv of the dam , the toj) of the outer pile of each row lieing left at tlie iiiU'nded height of the crest, 
while those iM'hind are sn. ees,iveh diuen lower ,md lower, so that when all are afterward oon- 
uccu l by iimisverse and longiiuduial limbers and covered hy stout pUnkiiig, aud gritel, they will 
form a d'mii somewhat of the triaiiguUr form of Fig 7. It would be well to drive the piles with an 
.ncliii,Uiou of their tops up stream 

1 here is much scope for ingenuity both in designing, and in constructing dams under various cir- 
c mistances , and iii inrning th * course of the w.i'erfrom one channel to another, hy means of ditches, 
pipes, or ironchs, /fee , at difflieigliis , aided at times bv low temporary d ims or inouuds of earth, »r 
of 'h'S'i piles, Ac, or by coffer •l,ims. so as to keep it away from the part lieing built Each locality 
w ill have Its peculiar features , amt the engineer must depend on bis judgment to make the most of 
'liem 

.\biiiinent«« of iw a Kcnei'a! rule BhouM not contract the natural 

M'lth of the stre nil , or, if ihev miisidosn ns little as possible . lor coiiirButions increase the height, 
nl uiili'nce of lip' ovcrtlowing water in time of freshets , during whieh a great length of overfall is 
sp I ullv 'tesirahle riior should lie i‘‘n lirnily coiineeusl with the ends of the dams; and should, 

I III soeiioii of the valley adimis of it Iw so high, and c.irri ‘d so f ir lulami ihiil the liigh water 
i' fieslieiH will not sweep either over tln'iu, or around their extremities , amt thus endsiigor under 
inning, and desir notion. In wide. Hat vUleys they e.iiinot be so eviended without tio much ex 
»iise 111 I the <ii 1 t alteriiauie is to fonn i 'them s.> d ''iply ,uid aecureh as to withstand Ruch 
*‘11011, ra.iking their height such that ihov will, at least, lie overflowed but seldom Their ends 
*1jaeent to itie d.iin should fs' roiimted oft, so as to f loititaie the flow of the water over the crest 
I ht'v are Ih'st built of Urge stone in cement, for althuugh sufticlciit strength may be Bcoured bv 
t iiiber, ih'it m.iieri.il dw-ajs r.tpnllv in such exposurea. If of earth only, ^ey are very apt to he 
earned aw.iy if a freshet should overtop them. 

MluiceRi *ihonl<l placed in every important dam, in order that 

all the water may tie drawn off if necessary, for the puriKise of repairs: or of removing mud deposits; 
or htidlng lost articles of Importance, &o Thev mav be merelv strong boxings, with floor, sides, and 
fi p of squared timbers , and passing through the breadth of the dam, just aliove the bottom. To pre- 
vent trees, Ar, from entering and Mtloking fast in them, some kind of strong screen is expedient. In 
I'linpnon Cases a sluice should not ezcsecil alnmt H ft by .*> ft iu cross section ; otherwise it becomes 
hard lo work Two or more such o}ieuiogs may be used when much water is to lie voided. They 
should bo near the abutments. The gates or valves for o|>ening nud shmilng them, should be at th» 
op Htrram end ; for if at the lower one. aooumulations of mud. *o, will HU the sluices, aud preven* 
them fiom working They arc usually oi timlier. and slide vertical’ » in n'baies, lieing raised nno 
lowered hv rack aud pinion , hut In vc'rv impoi lant dims ihev mav no of vii%i iron Two sets of sluleef 
ar» b •.irablr that one may lie always rerlv for use if the othe- is siojiped for repairs 

riie pin of ihe apron in front of the sluice should be particularly tlrui, so as not to be deranged by 
h" niter rushiug out under a high head. 

In dams of masonry and of concrete. If the shores are «>f rtick, llii* plan i.- 
freqiienilv pi von the form of a flat arch, convex u^v-stream. By thiip utilizing 
the hanks as nlmtineni.s f»>r liie thtuizoiitaU arch, niaional reduction of the 
vnluiniMit maiomtl in the dam may properly lie effected; but, unles.s the banks 
arc of rock, tliey atlord but uiiperfect abutiueutH for the artli; and they are 
exposed to wear by the current thrown against them at its ends. 

A dam, built obliqaelv arrofiH a stream, will have less depths of 
water ufwn its crtsit than one built normalir to the current, and will therefore 
flood adjacent country to a less extent. Other things equal, the less the slope of 
the stream, the fuither will the flood heights extend up stream. 


* Cost of crib dams. With common labor at $1.50 per day ; lumber, $20 
per 1000 ft. board measure, delivered ; stone for filling, $1 tier cub. yard ; gravel 50 
cents per cub, vd.; iron for bolts etc., 2ct8. per Ib.,-Hsuch damsin shallow water 
usually cost, complete, #2.13 to ff8.24 fter cubic ward of crib. 
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Figs. 9 and 10 are deMigpuM for nmall nieaAnring: weirs, suitable Tor 
shallow streams up to say loO feet wide; Figs. 9 for earth or gravel bottom, and 
FiM. 10 for rock. 

In the former, the 8 X 10 inch hemlock sills S, and Sj are first laid across tlie 
bottom of the stream, which is trenched where necessary , care being taken iti 
lay Si in a true line. The sills should extend say from ."i to 10 leet into each 
bank of the stream. Tongued and gr.ioied sheet piling F, of 8 X 10 inch hem- 
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lock, is then driven close behind the upper all! S, to a depth of from two to four 
Iteet, and spiketl to .s,. A third sUI, S,^, of the same length a.s >, and S3, is thee 
laid behind the sheet piling, and the two silks S, and S, and the sheet piling I 
are then secured together, as shown, by 1 inch bolts, .spacinl about 2 feet apart 
The tops of the sheet piling project about a oot ulaive the sills, and are stitt’enetv 
by 4 X 4 inch timbers tr, bolted in from of them and resting upon the flooring 
/ of 2 X 10 inch spruce. This floo/ing, like the sills, extends several feet lieyond 
each end of the weir into the hank, and is there loaded to its full capacity with 
heavy stones. Any spaces left underneath it by unevenness of the bottom should 
also be leveled up with stones or gravel 

A 10 X 10 inch yellow pine post M, 3 feet high, is tenoned between silN .'t, and 
S, at each end of the overflow, and braced by an s v m inch mellow pine strut 
N, tenoned to it and to the .sill S Beyond these posts the sheet piling P extends 
as high as the ton of the posts, and is carried, at that height into the bank ; the 
tops of the piles lieing held in line by two 2 x inch waling pieces v v iioltwl to 
them, one on each side. 

In Figs, 1(1, the hemlock .sill«, of 10 y 10 inch, and S, of fi Y 8 inch, rest upon 
a Portland cement masonry wall, of varying lieight to accommodate the in- 
equalities of tlie rock iiottom ; and are secured to it by 1 inch bolts spucisi about 
4 feet apart. 'I'hese holts pass down through the masonry, as sliown, and a foot 
or more into the nxik below. 

Between the two silks are bolted uprights X 10 inch Umgued and groo^ed hem- 
lock planks P, l-‘> inches long. At each end of the weir, a 10 < 10 inch yellow pint 
post M Is tenoned betweiin the siil.s, as in Figs 9, and hullf into the masonry 
ends of the dam, which last extend well into the banks of the stream 

In both Figs, tlie crest-piece «, is of 2 X 8 inch oak, bevelfni so as to leave a 
horizontal top face 'X inch wide. The crest-piece ks let in flush with the liack of 
the piles or boards 1’; to which It is bolted, and is let into the end posts M aliout 
2 or .'i inches At low stages of water, tlie flow may be c<»nftiiod to a porum of 
the length of the overfall by flash-boards placed along the rest of the dam. 

A crest-piccc made of 8 X inch bar iron Is preferable to one of wihhI. it re- 
quires of course much less cutting away of the sheet-piling, and its upper edge is 
less subject to abrasion bv drift pas-slngover the weir. The top edge, and the abut- 
ting ends ot the several lengths, should he {ilaned smooth ana square ; the former 
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to insure a sharp inner corner at a for the water to pass over, and the latter in 
order to avoid leakane. As a further precaution agaiusHeakage, a strip or butt- 
strap of 8 X inch iron, about a foot long, may lie let in, between the crest-piece, 
and op|)osite each joint ot tholornier, and overlapping both the 
adjoining ends, the piling being cut away K inch deeiter at those points, in order 
to accommodate them. Such butt-straps, if placed on the w/^-streara side of the 
cre.st-piecc, would break the continuity ol the sheet of water passing over the 
weir, and thus interfere somewhat with the correctness of the gauging. Such 
iron IS obtainable in any commercial center, in lengths of about 16 ^t. 8 X ^4 
weiglis 6;^ pounds per running foot; h X Vhj pounds. 

All the joints should be caulked with oakum. To apply the usual weir formula 
(see Art. 14/, p. MS) the back of the weir should be vertical lor a depth p below 



the crest a equal at least to twice the bead H on the weir. It is Uierefore better 
to protect the back of the weir by tarpaulin rather than resort to puddling, ex- 
cept cloee to the bottom. 

Tn a long weir with a low fall, it is difficult to secure a sufficiently free access 
of air to the space behind the falling sheet of water, especially when the stream 
is low and the sheet tends to hug the fuee of the dam. In such cases a partial 
vacmini * forms lietween the falling sheet and the face of the dam, and increases 
the discharge, thus vitiating the results It is therefore imiKirlaut, in designing 
measuring weirs to arrange (as far as possible) so that the sheet of water may 
tall clear through the entire distance between the up-stream and down-stream 
levels vvitlioiit striking anv portion of the weir itself, for such striking would 
diminish the clear space liehiud the sheet and increase the difficulty of pre- 
venting a vacuum there. 




* Such a vacuum caiisos the down-stream water near tc, Tigs. 9, to rise behind the 
sheet. When th<' miefactinn of the aii behind the sheet has pitKieeded to a certain 
extent, tile external air lueaks in and relieves the vacuum. Then another vacuum 
fnnua, and it* In turn relieved, and so on, alternately. At such times it has been 
iiotieiKl that light laid les, such as chips, ete., fl.*aiiiig in the down-stream water new 
toe ends of the weir, are drawn Int** the Hjiace liehiiid the sheet and earned towam 
the nilddle of its length, and then in turn ejected at the point where they entered, 

thus traveling back and forth along the space behind the sheet. 
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Trt'inblin^rn In Dams o^er which (he water falls in a long, 

smooth, unbroken sheet of considerable height, are more or less subject to 
tremblings, caused apiiarently hv alternate compression and rarefaction of the 
air l).v the falling sheet, especially in the space t\V. I’ig ‘ib, p. 547) belnnd the 
sheet, where a partial vacuum is.ofton funned, because the air there is entangled 
in the falling w’ater and given olf again hy it down stieam in the 'hape of loam 

Such treinhiings sometimes cause a lattlingol winilows hali a mile or more 
away. \Vc have known this to he stopped (in one ease unintent loiiallv ) liv Imild- 
ing a well-eovered wide erib apron, a lew ioet high against tlieliont ol the dam, 
tor preventing the abrasion of the hotlom. In other ease', a stoics ol oblujue 
timbers jdaeed against the front of the dam. and part wav up it, at a slope of 
about 1' . to 1, and covered with plank, has been perlipetlv elVeetivt* iii slopping 
It In shoil, anv device which ptimitsalr more freely beliiiul the (ailing slim, 
ordestrovs the eonliiiuity ol the lattei (such as Hash iKiards o( dilleMuit hi ights 
or placed ai nileivals along the eiesi i, or wliieli reduces its height and ilsiou- 
tinuoiis length, otight to diminish or oliv late the lionble. 

Tlio |>ro|tor tiliio for is ol enurse at the longest 

period of low stage of water. 


Vable of thickness of whito pine plank required not to ben# 
■n<^e than part of IIh clear liorixontal atreteb, iindet 
dilferent heada of water. (Original.) 
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Consumption of water. Owing largely to the propiT extension of the 
nse of watfi 111 ilwelliiigs, the quantity required in cities increases faster 
than the population. In other words, the per cajuta consumption increases. 

Use. Ahundaiit experience shows that a supply of r>0 gallons for say 7 cnhic 
feet) per capita per day is abundant for all the needs and luxuries oi well-to-do 
families in American cities. The maiiiif.u-tiii mg con'>um])tioii, of couise, bears 
no hxed relation to tlie population. In cities it is geneially iimch less than 
the domestic eoiisumption. 

H'aHto. In Ameiican cities, the w.iste often amounts to two or thrt'e times 
the quantity leally used. Of the 116 gallons per capita pci dav, delnered in 
New York in l«9y, Mr. Freeman * estimates that fiom 31 to 56 gallons were used, 
10 uiiavonlalily wasted, and fiom 50 to 75 aioidahly wasted. 

In I'iiiladclphia, in\o^tlgatlons by means of the Oeaeon waste-water detector,, 
on 142 modem sevcn-ioom, two-story dwellings, with bath, etc , on two inter- 
mediate streets. showed that, of 222 gallons per capita per day, finiiFhed through 
7H2 fixtuies, 102 gallons, or 86 5 per cent, weie wasted, and only 30 gallons, dr 
13.6 per cent were used. The City has built extensive works for the purpose of 
pumping, hlteniig, conveying, repuiuptiig, storing, and distributing the water 
wastoil, as well as the smaller quantity used. Of the total i*ost,t less than half 
won hi have sufficed for the water used and unavoidably wasted. 

JionriM*** «f wnHtv. riie, waste is caused by hecdlesMicss ; by allowing 
water to nm to asie in order to pieitnt it ftoia freezing in winter and in order 
to get couler waier m finmiiier; by leaky. and otherwise defective tixtnres; by 
unsnspecied leaks in mams and .service pipes, etc. 

.-Vs a “ gucss, iem|»eied by judgment," Mi. hreemnn* classifies the 5% to 75 
gallons iK'r capita jHir day, wasted in New Voik, as follows: 

Leaks in mams 10 to 15 gals per capita per day. 

“ service pipes 10 to 15 ** " “ 

“ deftrtive piuiiihmg 15 to 25 ** " ** 

('uieles.s and wilful wasie 14 to 17 " “ “ 


The rivoiilahle waste ts usually perpetrated by a small fraction (say from one- 
fifth to om-thitd) of the iMipulat ion, the remiimder using water reasonably. In 
the Fliiladelpliia case, ah.ive cited, of the 782 fixture.s, 22 were found to be 
“ leaking slight l.v," and .32 “ turned on oontmuully.” 

Wnnt^ re«itri€tloii. Wafer mefer«t. Waste is best restricted by 
making its avoidance a peoimiaiy object to the eonsiimer; and Ibis is best 
accomplished by the use of thewaiei meter, at least on all .services (domestic 
mdnsirial, aiid puhlic) where waste is found to he going on. 'J'he meteis should 
tH‘ i.wMied and maintained by the cor|K»ratiou supplying the water. 

911nimuiii etiarice. In order to encourage the lilit-ral i/sc of water, while 
disi-oiiragiiig Us irtux(>\ and thii.s avoid undue econoin\ (tending to unclennliness) 
each consumer should he charged a mmimiim peinwiicai tale, sufficient to cover 
amply all the water he can possihl) use and enjoy. 

Ml !'re»Muan* estimates the aNcrage cost of domcviic inetors, for New ork 
and llrooklyn, mostly 5-8 inch and 3 4 itudi, with a few of larger '>i/es, at 512.50 
each, and the cost of installation hv the citv. i\oikmg sy..tcmatica11y and on a 
largo scale, at 82 .50 each, or a totii'l of 515.00 each He assumes “the average 
life Ilf the ordinary dome.siic meter, of a goodt}|>e, A^ell ctired for, and with 
occasional repairs and renewal of worn parts," at *' not far from 20 years"; and 
annual expenses a.s follows : 

Providence, T’ 1. New Y^ork. 

At iual, approx. As.sumed, 

Interest on cost of nu'terand spiting 50.50 50.45 

*>eprecinlion and renewal of meter (life assutiicd 

20 years) 0 7.5 0.7, i 

Mniiitenaiice and rejniirs, f(‘stiiig nod resetting .. .. 0 46 0.70 

Heading meters and computing bills 0 42 0 60 

Total annual cost, per metei 13 52.30 


♦ Report upon New York’s Water Supply, made to Bird S. Coler, Comptroller, 
.lohn R. Freeman, Civil Kugmeer, 1900. 
t riic total eoHi approximates 530,000,000. 
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Free water for fire protection. Cities sometimes give to manufac* 
turers a supply of water through speoial connections, to used for flr( 
protection only; the nianufacturer giving bond not to use such connection foi 
any other purpose, and the city placing a meter on the connection for the detec- 
tion of any illicit use of the water for other puriaises. 

Water for city iitie Mhonid not be drawn flrom the very bot- 
tom of the reservoir, because it will then be apt to carry along'the sedi- 
ment ; which not onlv injures the water, but create.s deposits w it bin the pipes; 
thus obstructing tlie flow. In fixing upon the mce.ssary capacity of a rc.scrvoir. 
this must be taken into consideration ; inasnuich as all the water tielow tlie level 
for drawing off, must be regarded as lost. When ciicuinstanccs justify tlie ex- 
pense, it is well to curve up the reservoir end of tht» service iiiaiii, so as to pro- 
vide it with valves at different heights; for drawing off only tlie purest .stratum 
that may be in the reservoir. With this view, the valve-tower iren- 

erally has such valve.s coninmuicating with the water in the reservoir; and by 
this means only the purest is adiniitcd into the tower: and from it, into the 
city pipes. Thi.s refinement, however, is rarely praiticahle. Such valves must 
of course be worked bv watchmen. 

Art. 1. Reservoirs. In important reservoirs of earth, for storing water 
to moderate depths foreities, experience appears not to sanction dinieiiNloiDI 
holder than 10 feet thick at top; inner slope 2 to 1 ; outer .sloj»o to 1.* top 
width of I.") feet to 20 feet, and inside slopes of 3 to 1, are ailopted in some im- 
portant ca'>e''; with outer slopes of 2 to 1. Both slopes, however, are at tiuie.s 
maiie only to 1. The level water surface should be kept at least .'1 or 4 feet 
below 111 lop of the eiubankmetit ; or more, if liable to wavoM. In a large 
reservoir, a quite modeiMie breeze will rais- waves that will run 3 leet (measured 
vertically) up the imier .slope. A low wall, or clo«e fence, te, Fig 37, is some- 
times used as a defence against them. The top and the outer slopes should be 
protei'ted at least by sod or by grass. To as.si.st in keeping the lop dry, It 
should be either a liiile rounding, or els<» slofM-d io«:ird the outside f The soft 
soil and vegetahle matter should he carefully removed from under the entire 
base of the einh inkmetti.s ; which should he earned down to '•oil itself imper- 
vious to water, in onler that h'akage may not take place vwlrt them. To aid in 
this, a double row of sheet pile.s, or a sunk wall of cement masonry, carried to 
a suitabb' depth below the bottom mav be placed along the inner toe iii had 
cases. If there are springs beneath the base, they must eiihei he stopped, or 
led away by pipes. The emhankment should be earned up in layers, sMghllv 
hollowing toward the center, and not exeeediug a foot in thickness; and all 
stones, .stumps, and other foreign material, such as clean gravel, sand, and de- 
composed mica schists, Ac, that may produce leakage, carefully excluded. These 
layers should iie well coiisolnlateil by the carts; and the easier the slofM's are, 
the more effectively can this he done. The layers, however, should noi be dis- 
tinct, and separated by actual plane surfaces; hut each succeeding one should 
be well Incorporated with the one below. This has sometimes been done by 
driving a drove of oxen, or even sheep, repeatedly over each layer; in addition 
to the carting. Rollers are not to be recommended, as they tend to produce 
seams between the layers. This might possibly beobnaied by projections on 
the circumference of the roller. 

Gravelly earth is an excellent material, perha}>s the best. The choicest 
material should l»e placed in the slope next to the water; and should lie de- 
positeil and compacted with spe'ual care iu that portion, so as to prevent the 
water from leaking into tiie main body of the dam, and thus weakening it. It 
is not amiss to introduce a bench, 6. Fig 37, in the outer slope, to diiniaish 
danger from rainwash by breaking tlie rapiditv of its descent. 

If the Imitom of the reservoir Itself is on a leaky soil, or on fl.^sured roc^ 
through the seams of which water may escafie, it must be carefully covered 
with from \% to 3 feet of good puddle; which, iu turn, should be protected from 
abrasion and disturbance, by a layer of gravel ; or of concrete, either paved or 
not, according to circumstances. 


* The writer suggests that a top width equal to 2 feet + twice the square root 
of the height in feet, wdl be safe for any height whatever of reservoir propeilj 
constructed in other respects. 
tSome engineers slope the top toward the imtide. 
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RcNervoirs constructed with the foregoing dimensfons, and with care, mew 
remain safe for an indefinite period; but where serious danaage would result 
from failure, the fitllowing additional precantions should be taken. 
The inner slones should be cHretulljr faced up to the very top, with at least a 
close dry rubbk‘-8toiie pitching, not less than 15 to 18 inches thick ; as a protec- 
tion against wash, and against muskrats. These animals, we believe, always 
commence to burrow under water. If the slopes are much steeper than 2 to 1, 
this dry pitching will be apt to be overthrown by the sliding down of the soft- 
ened earth helnnd it, if t be water in the reservoir sliould for any cause be 
drawn down rather suddenly. It will be much more effeetive, but of course 
more costly, if laid in hydraulic cement; and .still more so if la'd u](wn a layer 
a few inches thick of cement aiid-jrav* 1 concrete; e.specially if tnis last be 
underlaid by a layer about T.;. to :t feet thick of good pinMle, spiead over the 
face of the sIoikj ; the great (dyect being to protect the inner slope from actual 
contact with the water. If this can !)•• efFectiially accomplished, slopes as steep 
as 1 1.1 to 1 w ill be perfectly secure ; lor the danger does not arise fi om any want 
of weight of the earth lor resisting overthrow. M|>ecial care Hhoiild be 
beNtowcHl upon tho Inner toe of the nlopo. to prevent water firom 
finding its way lieneath it, and softening the earth so as to undermine the stone 
pitching. Near the top refetence, should l>e bad to danger of derangement by 
ice. frost, rain, and waves Flat inner .slopes tend not only to prevent the dis- 
placement of the pitching; bn t increase the stability of Uie embankment, by 
causing the pressure ol the water ( whioli is always at right antcles to the slope) 
to liecome more nearly 'crtical , and thus to hold th> emhanknient more firmlv 
to its base than if theie were no water behind it Sometimes the toes of both 
the inner ami outer slopes abut against low relaining-walls in cement. This 
gives a I eat finish, and tends to preservation from injury. 

Manv engineers, in order to prevent leaking, either through orlieneath the 
embankmeut, construct a pundl«*-H'ali. //, I'lg .'IT, of well-rammed imper- 
vious soil,' gravedy clay is the 
w, best.) reaching from the top 

, , to several feet below the base. 

"X, b Tliis wall .should not l>e les? 

than (> or 8 feet thick on tom 
for a deep reservoir; and 
should increase dowiiwatd by 
(and not by slones or 
Fig. 87. batter.s' at the rate or about 

1 in total thickness, to 8 or 4 
in depth Other engineers object to these ]»uddle-walls , and contend that leak- 
age should Im’ pieveiitvsi by making both tin* inner slojies and the bottom of the 
rcsen oir watei-tight, bv means of puddle, concrete, and stone facing in cement, 
as just alluded to. They argue that if the embankment is well constructed, it 
is itselt a puddle-wall throughout. 

IVoar Snn Fr«n<*|si<-o. I'al. arc Iwo rarlhen reservoir dams 

built aliout 18<»t one Ito fis't high. g<> on top inner 'lope ‘i.7v to 1, outer 2.5 to 1. 
The other 88 high, 25 on top, inner .slo|)c 8r> to 1. outer 8 to 1. In each the pud- 
dle-wail is carried 47 feet deej^r than the base, No stone facing. 

It In diltienit- to prevent water under hiftii pr<»NNnre from 
tindinit: itN way tlirontrli eonNidt^rable dlstaneeN alonic aeams 
where earth is in cmtact with smooth roek, w'ood, or metal ; a«, for instance, 
a'oji^f the surface*- of iron pi|>es laid under reK'rvoir embankments ; or along 
till’ tie-rods .sometimes used through the puddle of ootter-dams ; and the same 
is {(fit to <K*cur under the bases of embnnkment' which rest on smooth rock, 
f'lMS’iul care should lie taken that the eanli used in such positions is not of a 
porous nature ; and that it is thoroughlv comiiactod all along the seam ; and the 
straight condnuity of the .s *am should l>e interrupted or brokf*ii as frequently 
as |K)f)sible by pnijWf l'‘ns. Faucete or flanges do this to a limit-ed extent in the 
case of iron pliH’s ; and something similar, but on a larger scale, should at short 
intervals be const met wi in the shape of collars or yokes of cement stonework, 
in the case (»f rock or masonry 

It Is usually advisable to divide resiervotrN int<> two parts, so that 
while the water in one part la lielng drawn off for use, that in the other may 
purlfv itself bv Wittling its sediment. Also, one port may remain in use. whUc 
the other is lie'ing cleaned m repaired Many days, or even two or three w'eeka, 
sometimes, are requireii for the complete settlement of the very fine clayey par- 
ticles In muddy water ; depending on the depth of the reaervolr. One or more 
flights of steps to the Iwittom of the reservoir should be provided. 

Mud In lie«rrvolrN. The reservoirs of the New River Water Co.’Xxm- 
fion, England, were uncleaned for 100 years, during wb eh mud H feet deep was 
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ieposited, or about an Inch annually. At Philadelpliia li is about 25 inch per 
annum from the Schuylkill, and 1 inch from the Delaware Hiver. At St Ixmis, 
Missouri, almut .‘i to 4 feet per year! Vegetation is ant to take place in sliallow 
reservoirs and near the edges nf deep ones, especially in \eiy waim weather; 
and the plants, on decaying, injure the water. 

1%'aier Itowinj; throii);:h inarMh InndN sometimes unfit for drink- 
ing purposes That, for instance, in some secjtions of the Concord lli\ ei , Massa- 
chusetts, was reported by the eminent hydraulic engineer, IjOammi Haldwin, of 
Boston, to be absolutely poi&omns from this cause. 

The construction of a large deep reservoir is not only a vt>ry costly, but a 
very hazardous undertaking. With every watehiuluess and care, it is almost 
impossitile entirely to prevent leaking; although this may not manifest itself 
for months, or even years. Slumld a break iM-ciir, especially n«‘iir a city, it 
would probably be attended by great Iikss of li(e and propcity. If the water 
once finds its way in a stream, either acioss the tinpavi^ top, or through the 
body of the embankment, the rapid destruction of the whole becomes almost 
certain. 

Art. la. Storing Refiervolrfi. The entire annual yield of a stream 
may be much more than sufficient for supplying a certain population with 
water; and yet in its natural condition the stream may not be available lor this 
purpose, bvMusc it becomes nearly dry in summer, when water is most needed; 
while, at othei easons, the rains and melted snows produce fliKsis which supply 
vastly more tha.. is required; and which imiHt be allowed to r.in to waste. A 
itoring reservoir is intended to collect and store np this excess of waler.Mi that 
it may be drawn off as reqmn*d during the droughts of summer, and thus 
equalize the supply throughout the enure year. Tins, when the locality per- 
mits, !8 effected by building a dam across the stream, to form one .side ol the 
reservoir, wliile the liiil-slupts ol the valley of ilie stream form ihe other sides. 
The streata itself flows into this reservoir at its up-stream end When the 
stream is liable hi become nearly dry doling long summer diougiits experience 
shows that the capacity of the re.Hervoir should be equal to frotn 4 to d 
months’ supply, according to clrcumstance.s. During tlie const ruction of the 
dam, a free channel roust he provideil, to pass tlie strenni without idlowing it 
to do injury to the work. If the dam were built precisely like 1-ig ;47, cmtirely 
of earth, it would plainly he liable to destruction by being washed away in case 
the reservoir should bec<iine so full that the water would begin to flow rver its 
top. To provide against this we may, by means of masonry, or of ctihs filled 
with broken stone, or otherwise, coiisiriud either the whole, or part ol the dam, 
to serve a.s an overfall, or a waxic-wclr. Or a side cliannel (an oiien cut, 
pipes, or a culvert, Ac) may be proi ide<l at one or both ends of the <lain, and in 
the natural soil, ai sueli a level as to carry away the suiplu.s flood water before 
It can rise high enough to overtop the eai then dam. Besides these, and llie 
pipes for carrying tlie water to the town, there should be an outlet, w iih a valve 
or gate, at the level of the bottom of the reservoir; in order that, it necessary 
for repairs, or for cleaning by scouring, all the water may be drawn ott. The 
entrance.s to the city pipes should tie protected by gratings to exclude fish, Ac. 

To fncilltatc repairw or rcitcwalH of all valveii, Ac, which 
are under water, the re.servoir end.s of the pijs-s or culverts to which ihev 
are aitaclud, may he surrounded by a waier-liglit box or chamber, wiiich will 
usually tie left open to the reservoir; but may he closid when repairs are re- 
quired. Access may then be had to them by entering at the outer end, after 
the water lias flowed away from inside. In case tlie oailei is through a long 
line of pipes which cannot thus be entered, a special entry for this purpose may 
be cast lu the pipe itself, near the outer toe of the enibankmeni ; to tie kepi 
closed except in case of repairs. Sometimes a lietter, but mure expensive means 
of access to sucli valves, is si'cured by enclosing them In a VHivc-tower of 
masonry. This is a hollow vertical water-tight chamber, like a well ; luit near 
the toe of the inner slope; having Its foundation at the bottom of the reservoir; 
woeiice the tower rises through Ihe water to aliove its surface. I'his «'liauil>er 
is provided with valves or gates usually left ojk-d to the reservoir; Imt which 
may be closed when repairs are needed; and the water in the tower aIlow*‘d to 
escape from it through the open valves of the outlets. This dope, workmen can 
descend through Ihe tower by ladders from the ii|»erture at its top. 

At limes the outlets for the discharge of surplus flood water are, like those for 
eoouriog, placed at, or just alwve, the level of the hottotn of the reservoir. In 
order that these may work in case of a sudden fl(K>d at night, Ac, they miiKt bs 
furnished with self-acting valves, which will of their own accord wlien the 
flood is about to rise too high. This may be effected by attaching them to floats, 
the rising of which, when the water is high, will pull them open. All auoh ouV 
tots should be large enough to let men onter them for repairs. They should b| 
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no mpans be laid through the artificial earthen body of the dam Itself, without 
belnj? supported upon masonry reaching down to a firm natural foundation; 
otherwise I hey are very apt to be broken by Uie hubsidence of the emiu*«kment. 
It if> usually safer to carry them Mirough the firm natural soil near one end ol 
the dam. Their valves, if only single, should be at their inner or reservoir end, 
BO as to leave the outlets themselves usually empty, for inspection; l»ut it is 
better to t»ave two valves, so that one may lie used when the other needs repair; 
and in this case one may be jilacisl at each end. Reservoirs winch are suppli^ 
by pumps, need no preeantious against overflow; because tlie pumping is 
stopped when they are filled to the proper height. Large* stoiing reservoirs 
necessarily submerge more or less land, which has therelore to be purchased. 
By intercepting the descending water, they frequently prevent spring floods 
from injuring 1<'W lands farther down stream. If there are mills down stream 
from the reservoir, they woiihl evidently Im* deprived of water for driving them, 
unless a poriMu of that stored in the* reservoir be devoted to that pin pose. 
Water thus a|)plieii to annftensate for the loss of the natuial st ream, is called 
coin |>c‘imHt ion water; and the reservoir, a compensating one. 

Art. ll». reservoirs. Fivfniently a valley fit for a storint 

reservoir esm is; founil only ut a long ('‘oiiictiini s ni.iio iiiUcs) from tl'C town; and it then W 
comes cx|it“ilit‘nl to uoiiHiruol rNo an ailduioual one of Kiiialler si/e than the Storing one, near t tv 
town ; anti at as great, nil cleiiuinn almve it as circumatHnees will permit ; but lower than the Btorini^ 
one. This is culled, h^ wa_\ of ili-<tuieUou, a distnhufiM// reservoir, bccsiuse from it the water, after 
having flowed into it from the stoi mg reservoir, tbiough the long supply pips which connects them, U 
distributed m viiiious uireclions through tiie town, by means of the street mains, or pipes. This 
small reservoir shouhl hold a supply sutllcieiit at least for a few days; a few weeks would be better; 
and the end of the supply pipe which temiiimtes in it, should be provided with a valve for shutting 
ofl the supply from the stoitni: re-crvolr. Theve pieeimtlons permit repairs to be made alnngtheline 
01 supply i'ii>e w iiliout depn\ mg the town of w.uer in the mean time. With a view to such -epalrs ; ar 
well as to siouriug out sediiiiiiit from the supply pipe, this last should be provided with OOflPl 
%alv('N ui variou'. low points along the eiitfr interval lietween the two reservoirs; especlallv at 
those at will, h ii.e \ lU. s ni-u .li>( h into natural wiitoreonrKes. (Hi epenmt these valves, the ou« 


rush of the water c.irneH aw u -.ediinont} and leaves the pipe empty for luspectlou 

lit 11x1111; npon I'tie illarn** ofpipes fur Bupplying cities, it is necessary 

to ti.'ar in mmd ili'it In t ir the .p.-atcr poriioii of the ',^4 houro’ yield Is iictniilly drawn from then 
during oulv s w’, i j ti..ui ^ ..I .laUuht. iiu.l iht-iefore the caparity of the pifies must lie sutheient u 
turm*h the duiU Mipplv m mu. h less than H hours .tgain. during the hov summer months, much 
more water is used thauduuiigthe winter oues, and this oonslderation necessitates a sun larger dl^. 

Arl. 2. SyxIoiiiH of street plpos f»r siiipplylnyc oltiM. The 

enter knows of no piartical rules for pr.iportionliig the diams for such systems, various wm- 
Jhmtions involved, render a purely selent'.llc mvesUgatlou of little or no service. With much besb 
laiion, he veutun s the follow ini? purelv empirical rules of his own , based on such limited observa- 
tirtiiH lii hftvi* (''liunllv fitlldi iiniltJf hiji notice ... « ^ wr ^ % -m 

Rule 1. at no funnt m a of nty i« the head, or vert diet **^/^f* 

01 th, rs»m-oir. compared with the kor diet from the rreereoir less than ,U th^r 
then the population m the last r.olumn Of the tolloivtnq Table A. mav hs ahun^ntly supjA^,ft>r^ 
rZ Ju ries, by either one pipe of the inner dtmn or bore in the etrol or 2 
diams in the other rots These .liams are given to the nearest safe ^ inch. The supply is assume! 
to be about W) gallons pstr day to each Inhablwui. 


TABLE 1 . lOngiual.) 
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It i0 well to allow in addition from ^ inch to 1 inch, or more, (depending on 
the character of the water,) to each diameter ; for deposila and concretions. 

The water, after reaching the city through one or more large main pipes from 
the reservoir, must be distributed through* the streets by means of smaller 
mains branching from the larger ones. The diameters of these smaller ones 
also may be found by Table A. Thus, if a street, with its alleys, Ac, contains 
about eiiOO persons, (the rate of head being, as before, not levs than 50 feet to a 
mile at any point of the sy.stem,) then we si^e by the table that a 10-inch pipe 
will answer. It would be well to lay no city street pipes of less than 6 inches 
uiaineter. 

Mains wbich cross each otlherahonlU be oonnected at some 
of tbelr intersections, to allow the water a mone free circulation through- 
out the entire system ; so that if the supply at any point is temporarily cut otf 
from one direction by closing the valves for repairs, or is diminished by exces- 
sive demand, it mav he maintained by the flow Irom other directions. 

Avoid dead ends when jossible, as tlie water In them hecome.s foul and 
unwholesome. .... . . 

Rung 2. With the same diameters, different rates ojf head m/I su/ffdit lfi€vrot>or. 
titmate pojndnitons in column .S of Table it. Or, to find the diameteis which at different 
rates of head will supply (he seme populations yiren tn the last colvmn of Table A, 
multiply the diameter given in Table A, by the corresponding nuinner is col- 
umn 4 of Table B; or (approximately) do as directed in column 5. 

TABLES, (original) 



C-i i 


Kpmtrki. 


Aiitl oijf third 
Add full kik - fourth 
Add one tifili 
Add one iwteoth. 

Add ODf DlDth. 

Add one fourtcfulh. 

Add OOP nlxtcfulh. 

Add oue t^PDiietb. 

Add OOP hftirtb. 

Deduct one thtrlpenth. 
Deduri one eiRbtb. 

Deduct full oup-»lxtb. 
Deduri one Slth 
Deduct uearly one fonrtb. 
Deduct nearly two Mventbo. 
Deduct three tenths. 

Deduct full one third 


Example. By Table A we see that with the rate of head of (W leet per 
mile, a SO-lnch pipe will supply a population of 911W0; hnt with thr^ times that 
rate of head, or ISO feet per mile, we see by column H, Table B, that the same 
pipe will supply 1.73 times as many persons, or 915K0 X 1.73== persons. 

But if, at this greater rate of head, we still wish to supply only 91.>80 persons, 
then we find in column 4, Table B,ihat we may diminish thedlainetet of theplpe 
from 30, down to 30 X -HO =-24 luches; or, by column 6, we have 80 — 6 — 24 
inches. , , , 

Again, after the water has reached the city by the S0-im‘h pipe of Table A, 
if we wish to distribute if throuch the citv bv sav eight branches or smaller 
mains, we see by column 8, Table A, that each of them must have at 
least 13% inches diameter. >>om these eight, other smaller ones may 
branch off into the cross streets, alleys, &c; and in estimating the sup- 
ply required for anj' particular street main, we must evidently add what 
is required also for snch cross streets, Ac, Ac. 

If certain limited parts of a city pi fie svstem have considerably less rates of 
head than most of the remainder, It may become expi^lent to supply the foniivr 
by a special separate niin of burger diameter; which may start intiier direetlf 
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from the reservoir; or as a branch from the grand leading main which liaedstbi 
lower parts, according to circumstances. 

It must be remembered, that although by increasing the diameters, an abun* 
dant supply may be obtained under a small rate of head, as well as under a great 
one, yet the water will not rise to as great a height in the service pipes for sup* 
{dying the different stories of dwellings, &c. Even with the diameters in Table 
A, the water, under ordinary use, will not rise in these pipes to the full height 
of the surface of the reservoir; and if an unusual drawing-off is going on at 
the same time at many parts of the system, as in ease of an extensive fire, or 
frequentlv during the hot summer months, it may not rise to even oue>haIf of 
ttiat height. 

Art. 3. Tbe following; baa been found very effective for 
preventing; eoneretlona in water pipea. Formerly in Boston, cast* 
boa city pipes, 4 inciies dtameter, became closed up iii 7 years; and those of 
larger diameter became seriously reduced in tbe same time. But later, during 
8 years, in which this varoisb was used, no concretions torined.* 


floal-piteb varnifib to be applied to pipes and eastinjp^ 
mane for tbe Water Department of Pbiladelphia, under 
the following; conditions} 

First. Every pipe must be thoroughly dressed and made clean, free from the 
earth or sand which clings to the iron in the moulds; bard brushes to be nsed 
In finishing the process to remove the loose dust. 

Second. Every pipe must be entirely free from rust when the varnish is ap 
plied. If the pipe cannot be dipped immediately after being cleansed, the aniw 
face must be oiled with linseed oil to preserve it until it is ready to be dipped: 
00 pipe to be dipped after rust baa set in. 

Tnird, The coal-tar pitch ia made from coal tar, distilled until the naphtha 
b entirely removed, ana the material deodorised. It should be distilled until it 
has about the consistency of wax. The mixture of five or six per cent of linseed 
oil is recommended. Pitch which beoomea hard and brittle when cold, will not 
answer for this use. 

Fburth. Pitch of the proper quality having been obtained, it must be care* 
fully heated in a soitable vessel to a temperature of 300 degrees Fahrenheit, and 
must be raalntaiued at not less than this temperature during the time of dip* 
ping. Tiie material will thicken and deteriorate after a number of pipes hava 
Wn dipped ; fresh pitch must therefore be frequently added; and occasionally 

the veasei must be entirely emptied of its old contents, and refilled with Cresli 

pitch : the refuse will be bard and brittle like common pitch. 

F(fin, Every pipe must attain a temperatu re of 800 degrees Fahrenheit, before 
It is removed from the vessel of hot pitch. It may then be slowly removed and 
laid npon skids to drip. 

All pipes of 20 inches diameter and upward, will require to remain at least 
thirty minutes in the hot fluid, to attain thie temperature; probably more i** 

^i^i^**Tbe appUcatlon must be made to the satisfaction of the Chief Engineer 
ef the Water I^partn»eDt: and the material be subject at all times to hla ex* 

aminatioD, inspection, and rejection. 

SffverUA. Payment for costing tbe pipes will only be made on such pipes M 
are sound and sufficient according to tne specifications, and are acceptable inde* 

No pipe to ^ dipped until the anthorised inspector has examined It 
as to cleaning and rust; ana subjected it thoroughly to the hammer proof. It 
may then be dipped, after which, it will be passed to the hydraulic press to meet 

***S531?*'^I^^proper»Iatin will be tough and tenacious when cold on the 
pipes, and not brittle or with any tendency to scale off. When the coating of 
any plias has not l>een properly applied, and does not give satisfaction, whether 
frwn defect in iimterial, tools, or manipulations, It shall not be nald for; If it 
scales off or shows a tendency that way, the pipe shall be cleansed inside beiors 
It be recoated or be receivable as an ordinary pipe. 


♦Mr Dexter Brackett, of Boston, informs us, 1892, that while tultercles form 
there In uncoated piiKss to a thickness ol about ihree-<iuartor8 of an Inch, rendering 
t-inch pipes of Mttle or no valuf for fire supply, yet no actual stoppage has been 
known to occur from this cause during the twenty-three years of his conne^oa 
with the City Engineering Depui tment He states also that even their inaled pfrws, 
taken up after being in the ground fur ten or fifteen yean, are generally li uud to be 
pitted on their inner surfaces. 
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Art. 4. The pipes are laid to conform to the vertical unduliitione of the street 
surfaces. The tops of the pipes are laid not less than feet below the surface of 
the street; but in 3-inch pipes the water has at tinu*s been frow'n at that dejdh. 

In Phlladn.. in 1HH5. there were about 7Hi mile$t of street 
pipea; or about 1 mile to every IlOO mhahitaiitf.. The populaiioti was about 
il)0,tKKj; rebidiiij^ in about d\^(■lliIl(;^^. Kerlfll. 1SS7-K; l.biO.tKMt itiliaV- 

mnts, in 20,<K>" houses (a^e^a<:^* 70 pemui-. p«-i linu-sc). Idoaii (MUfumptioii pei head, 
17 U. S pallons per day; maximum, 2t; miuimimi, Vi) all upproxinui'e. 2o,<i(K) 
wheel nioters m use. 

Ho iralvanie aetlon luis been observed where lead pipes or brass unite with 
flaat-lroD ones. Ho pipe less than 6 inches diam slmuld be laid tii citii»<: and 
•Ten they only for leiijrths <if a few luiii<ln*d teet. Their insufficiency is eliieH.s frit lu 
ease of fire. 8 ins \iould be a btdter inmimum. No mure leakage (K'cuis in uniter 
than in summer; except from the bursimgol private aen-tce-ptpf's by friTZim;. 

To compact the earth thoroughly against the pipes excludcH air, and gieatly im- 
pedes rust. Pipes may be corroded the leakage of gas through the body as well a* 
through the joints of adjacent p;a»-pip<^. 


WEIGHT OF CAST-IRON WATER-PIPE.S 

Afl naed in Phlla^and tested hy hydraulic press before delivery to an internal 
pres of 300 lbs per sq inch. This table includes spigots, and liiucets or liells. The 
pipes are required to he ma<le of remelted strong tough gray pig iron, sucli as may 
be readily drilled and ( hip]k'd ; and all of more than 3 ins diam to cast vertically, 
with the bell end down, lieviations of f> jier cent above or lielow the theoieti- 
cal weights, are allowed for irregularities in casting, which it seems iDipo.H8il)le to 
avoid. 

The pijiee are in lengths from 3 to.3^ Ins longer than 12 ft ; so lirat when laid they 
neasure 12 ft from the mouth,/, Fig 38, of one bell to that of the next. 


Distn. 

Thick- 

DIMM. 

Wtpsr 

length. 

Dlsm. 

Thick- 

ness. 

Wt per 
length. 

Disrn. 

Thick ' 
ness. 

! Wt |>er 
length. 

Ins. 

Ini. 

Lbs. 

Ini. 

Ins. 

Lbs. 

In*. 

Ini. 

Lbi. 

3 

A 

158 

16 

% 

1322 

36 


4334 

4 1 

s 

211 

20 


1664 

36 

4862 

« i 

is 

385 

20 


1798 

36 


5368 

8 

<* 

460 

30 

}l 

3313 

48 


7282 

10 

}4 

667 

30 

:5 

3610 

48 


8667 

12 


860 

80 

1 

3864 

48 


9378 


The following sizes of lap-wcld(*4l wron^ht-iron water-pipe are 

made by the National Tube Works To, McKees|iort, Pa., and fitted with tli*ir 
** Converge patent lock-joint.*’ One end of eai h length of pi|s‘ has the 
lock-joint permanently attached (I ‘adiKl) to it at the works betore sliipjiing. The 
“ weights per foot" include tiie-e Joints. The weight of ‘‘ lead per joint " given ia 
that requiifd Ui be injured m lading the pipe, or that for one side only of the joint. 

Oator diam, ins 2 3 4 6 6 8 10 12 16 

WelAht per ft, lbs 1.86 3 48 5.26 7.3;i 8.76 13.20 17.08 20.12 47.76 

Lead per joint, lbs ^ 1 ^ 2j^ 3J^ 3^' 6 % 6 8^ l« 

Average ear load : 

NQiiiberofleiigtiis 800 380 275 145 126 128 80 56 46 

** “ feet 11500 5600 4500 2600 2000 2000 1200 800 636 

The pines are tested for a bursting pressure of 500 lbs per sipiare inch, or higher 
If desired. They are furnished either coated with asphaltuiii, or **kala» 
meined;** or, if desired, first kalaineined and then coatinl with asphaltum, 
JLtlameining coasfsts in ^ incorporating upon and into the body of the iron a ooo- 
eorrosive metal alloy, largely composed of tin.'* The surface thus formed Is ool 
Slacked by blows, or by bending the pipe, either but esr cold. 
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The joint, orcouplinp, ihof cnsl-iroii, and hasinternal rec‘es.scs which receive and 
hold lugson theoulsuleof euch iengihof pipe, iiesi reach of Jth ends. The joint is 
then poured with lead in the usual way (see page6Kl)), cither with clay collars, or 
With a special pouring cliiiiip funiibhed by the Co, This claaip resembles the 
“jointer,” Figs 39 Ac, except that it is in two rigid Bemi-ciitular pieces, connected 
together by a hinge-joint, and furnished with handles like those of a lemon-squeezer, 
and has a hole in one side lor pouring The colliding lorms a flush inner siirlace 
with the pipe at the joint, thus avoiding much ot the resistance of cast-iron pipes 
to (low. For cases where it may be necessary to i.iake fn qneiit changes, the coup- 
lings are made in two pieces, wliich are btdt^ together l>y flanges. 

WronKht'iron, for pipes, has the great adianta^^^ over cast-iron 
of lightness, tnughness, and pliability. The lightnesH of wronght-iron pipes ren- 
ders them easier to handle, and cheaper per /oo/ notwitliKtanding tliat their cost per 
ton is alKuit ‘2b per cent greater. They arc not liable lo breakage in transpoitation 
•rfrom rough handling, and they m.iy !« IxMit through angles up to alioiit 25°. 
They therefore require no special bend castings for sncIi angles. The National Co 
tiipply la*ii(ling machines, to l>e worked by two men. One iiiacbiiie can, by changing 
the dies, bi* ii^ed in bending all bizcs of pipe. Ibe pipes are in lengths of from 15 to 
IK feet, instead of 12 feet, as in the case of cast-iron, so that fewer Jointil ar# 
required per mile. , 

The Co furnish special “serviie clamps” and tapping machines for attHCnlnii 
nervlee pipesa to inalnN. 'ITiis may be done (^a« in the case of the Payu 
machine, while the main is under pressure. The service clamp is a cast 

iron saddle, wbiih, before the mam is tapped, is attached to it by means ol aB 
bolt, and wiucli remains periiianeiitly so uttai h<*d aiter the tapping. A sheet-lead 
gasket IB plaied between clamp and mam. The clamp has a lapped cylindrical 
opening througli it, into winch the coiiKiration stop is screwed before 

ibe pipe IS tnpiied. The dull of the t.ipping miiehine passes through the stop, and 
throiiuh the eyimtirioal opening In the clamp, and dulls through the lead gasket 
and through tlie snle of the mam. 

Thw Vo hiriiHh ali*o pipc-ciittiiiR niAchiDds^ aud spociHl custiugB (reducofti 
crosses, Ac, Ac) fitted with the Converse joint. 

/krt. .*5. Wr<»ii}(:lit-iroii piprw «*orrodo much more rapidly than cast. 

A B'iifta»p<>reha pipf'^ Vk inch thick, and % inch Imre, has sustained safely 
an mil mal pri>* ot more iliaii iW lbs per *q inch; equal to tieurly 600 feet head. It merely twellM 
ilta^hlh Hi .SK; lbs 111 lanl a tuts* of that material. tun boro, atiout S iuct) thick, and 1.160 rt lone, 
was slink In the Hast Ki\er, Nea York, to cairr the ('roion water to Iltiickwcli’i Inland. It waa bell 
down lo weigh's it proveo u(isall«raciory naing to abrasion caused b\ tidal currenta, and injury 
from the Hiiohoi > of dragsliis vessels. A wrapping of canvas, confined by spun yarn was useful II 
pre^entlll(^ the foi iiior, but not the l-itter. This pipe waa replaced In 1S70 by wroughl-iron pipes. 

Rall'M fiafiMit Iron and cement. |>ipe^ is m.ule by The Patent Water 
Slid i.HH Pipt> <^i. of .lersov t'm, N J It is forniedof riveted shcet-tron, and each length is dipped 
into, and coated a lih, a hot mixture of coal tar and asphalt. The iiuiiig of hydraulic cement U then 
appii.*!! This ranges, in thickness, fnan \ inch for I'i.inch pijies lo 1 Inch for SO-ineb pipe. “I hif 
pifte IS made op to diamsof .W! ins, it is laltl in a lo-d of cement mortar, and completely covered with 
the sarac. Suitable means are provided lor making all the atlschments, Ac, r^uired in mty pipei 
for » liter and gas. More than 131X1 nilloa of It aic in use in various low ns urmu of it for 35 years { 
and It apfiears to give genet at -nisfaciion. Tui>erclesdo iiulfoiiii in tl’i"' p'l'O'. they are apt M 
do III oast-irnu ones. Thcie Is every reason to Fupfwse that they are dir able. The trenohea being 
dug, the Jersey CitT Co furnish pipes and lay them (including the ccmcnil. • 

A Wyckoflf A Sou, Elmira, N. Y., make woodrii wafer plp<*». For 

prc.Miircs of 15 to aO ibe jter sq inch, they fuinish either plain |tli>es, 3W to ? Ins snuare externally 
and fmiv 1 4 to 4 ins iniernal diain ; or nnind pipes, 1 inch lo IB Ins bore, coined externaUy with 
asp'ialtutii roiucnt. It i heir ends, both the square and tho found pipes aie handed with non. For 
prt--UM-s from 4(i to UiO lbs jH*r sq iii<.h, the louiid wooden plpc^, l.cture b«'ing coated with cement, 
ari spirally mrup|>ed, liy Nteaui powei, with hoop Imu. whnU Is tlisi t>H>sed through a preparation 
of coal tar. The iron is wound so tightly as to be iinliedded in the pipe, leaving its outer surface 
nush with Ihiii of .Ins wood. The ■ ids of each length of pipe receive extra banding. The asphaltnm 
cement coating is then applied. 1 hoc pipes have been extensively and successfully used for both 
Water and gas. Suitable arruugeiuenU are provided for joints and connections. 

Wafer plprM of horrrt onk and piiu* lojfw. laid in Philadelphia 
in 1800-1820, arv iisuuliv found quite wiuiid, and still til for use, except where 
outer saj) wood is ilecuyed When i his is removed, many of these old pipe.s have 
lieeii relaid m laetones, Ae. < lat mv// y»acAn/ around wooden pipes, excludes the 
contaet of aii, and tliiis eoi»irilMites greatly to their durability. J^tose porous 
soils, such .i.s gravel, Ac, on tlie cniiiraty, are uiifuvorahle. 

Plpefik made of bllmiiliiixrd papor. prepaied under great pressure, 
have been used for both water and gas. They are much less liable to break than 
cast-1 ntn, and do not weigh or eost more than about half as much. I'tpes of 
5 ins bou; and % inch tiiiek, have resisted pressures of 220 lbs per sq inch; 
equal to a water head of .W ft. British patent No. 2137, Sep 28, 1858, to A F 
Jalouicau, of i’arls. 
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Costs of water pipe and layina. The following figures are deduced 
from a table kindly mruisbed by Mr. Allen J. Fuller, General Su]>erintendeut, 
Bureau of VVater, Philadelphia. They represent average conditions for straight 

{ upe, laid in earth, in ibat city. The cost, in any given case, may difl’er materially 
roui these figures, according to circumstances. 

“Laying’’ includes all handling of materials, after their delivery on the 
ground, tor laying them in the trench, making joints, calking, etc. (’iilkera 
receive $2.60, lead lueu $2.00, and laborers $1.7.6 per day of 8 Ixmi^ 

The costs of materials are taken as follows ; Pipe castings, 1 2 cts ; lead, .6 cts.; 
gasket, 3J4 cts,; coke, 0 27 cts., per pound ; blocking, 1.7 cts. per ft. B, M. 

Add for stops, branches, fire hydrants, special castiug.«i, repaving, damages, 
foremen’s wages, cost of tools, etc. For rough estimate.*!, to cover fixtures, lock 
excavation, additional depth required for trench, wear and tear of tools, and 
ordinary repaving, but not including damages, asiihalt repaiing, or trestliiig, 
the costs in the table may be increased as follows: 

Diameter of pipe 4 6 8 10 12 16 to 48 inches. 

Add 80 70 65 60 50 40 percent. 


Maikkuls. 


Pipe. 




Per length of 12 ft'et. 



1 

j 
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0.24 

6 

h 

367 

4.40 

10 

0..60 

0 2 

0.01 

4 

0.01 

2 

0.03 

4.96 

041 

8 

1 

K 

490 

5.88 

12 

0 62 

0 3 

0.01 

4 

0.01 

2 

(1.03 

6.56 

0..6.6 ■ 

12 

918 

11.02 

18 

0.90 

0 6 

0.02 

5 

0 01 

2 

0 03 

11.98 

1.00 

18 

% 

1510 

18.12 

.30 

1.50 

0.8 

0.03 

7 

0.02 

2 

0.03 

19.70 

1.64 

24 

74 1 

24.68 

29.50 

40 

2.00 

1.0 

O.OJi 

8 

0 02 

3 

0 0.6 

3) .60 

2.63 

30 

{! 

:«25 

,39.90 

75 

3.7o 

1.3 

0.05, 

9 

0.02 

4 

0.07 

43.79, 

3 65 


1 ; 

4009 

48.11 

7.6 

3.75 

1.3 

0.0.6 

9 

0.02 

4 

0.07 

.62.00 

4 33 

? 

It 14610 

55.32 

11.6 

5.75i 

2.0 i 

0.07 

10 

O.03 

,6 

10.09 

61.25 

5.10 


5680 

I 68.16 

115 I 

5.75i 

i 2.0 

0.07 

10 

0.0.3 

5 

l0.U9 

74.09 

6 17 

1? 

lU 

8038 

i 96.46 

150 ' 

7.. 60, 

,241 

>0.08 

12 

O.ltt 

8 

0.14 

101.21 

8.68 


|9455 

113.46 

150 ' 

7.50' 


,0.08 

12 

U.0,3 

8 


121.21 

10.10 


Earthwork. 


Pipe, 1 

Trench. j 

Earthwork, 

lier lineal foot. 

Diam. 1 

Thick- 

Width, feet, j 


Excavation, | 

1 Back fill 
and j 


1 

ness. 


— 

Depth, 


i 

removing 

Total. 



Top. 

1 1 

feet. 

Cubic 

i 

surplus, j 

Ina. 

Ins. 

1 tom. 


yards. 

S 

9 1 

9 

4 

1 

2.50 

‘ 2.25 j 

4.50 

0.40 

0.Q9 ! 

0.02 i 

; 0.11 

6 

2.. 60 

2 25 

4..60 

0.40 

0.09 

i 0.02 

1 O.ll 

8 

A 

2. .60 

2.i6 ; 

; 4.50 

1 0.40 

009 

002 

0.11 

12 


t 2.75 

2 . .60 

4.50 

0.47 

0 11 

0.06 

0.16 

18 


2.75 

2,50 1 

! 4,50 

0.48 

011 1 

0.09 

0.20 

24 


8.70 

j 3.00 

4.76 

0.64 ^ 

; 0 14 

ai5 

0.80 

SO 

ii 

4.25 

3.25 

5.00 

0.76 , 

0 17 1 

0,2.3 

0.40 


1 

4 25 

! 8.25 

1 5.00 

0 76 

0 17 1 

0.28 

0.40 

S8 

u 

6,00 

. 3.75 

.6..60 

11.97 

1 0.22 ' 

0.30 

0.62 


IX 

5.00 

; 8.75 

1 550 

0 96 

0 22 

0.80 

0.52 



7.00 

1 4,50 

6.60 

1.47 

0.44 

0.56 

0.99 

** 


7.00 

j 4.50 

6.60 

1.47 

0.44 

1 0.56 

0.99 
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IIaulinq, Laying, Recapitulation. 


Pipe. 

Ilauhng. 

per lineal foot, at 

7.'j cents per ton. 

Laying, 

per 

lineal 

foot 

Recapitulation of Cost, 
per lineal foot. 


4: 

•5 'ir. 

3 

ii,} 

a 

c 

a. 

arth- 

ork 

3 . 

a Ni 

a 

1 

o 


r* c 


<',-5 0 
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H 
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S 
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S 

$ 

$ 
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S 
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Tk 
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0.04 
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H 

A 
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0 02 

0.04 

0.55 

0 11 

0 02 

004 

0.72 

12 


0 03 

1 0 01 

0 04 

0 05 

1 00 

0 16 

004 

0 05 

1.25 

18 

‘/8 

0 04 

0 01 

0 or> 

006 

1.64 i 

0.20 

0 05 
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1.95 

24 

Ya, 

0 07 

0 01 
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0 08 

2.63 1 

0 30 

0 08 

0 08 

3.09 

:i0 

% 

0 09 

0 02 

0 11 

0 08 

3 65 ! 

0 40 

0 11 

0.08 

4.24 

" 

1 

0 11 

0 02 

0 13 

0.08 

4 33 

0 40 

0.13 

0 08 

4.94 



0 13 

0 02 

0 l."> 

0 08 

5 10 

0 52 

0 15 

0.08 

5.85 


1 *1» 

0 16 

0 02 

0 IS 

0 09 

6 17 

0 52 

0.18 

0 09 

6.96 

}S 

IM' 

0 22 

0 03 

0 2.) 

0 12 

8 68 : 

0 99 

0 25 

0 12 

10.04 


I ‘ J 

0 2G 

0 03 

0 29 

0 12 

10 10 1 

1 

0 99 

0 20 

0 12 

11.50 
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Art. f». €a!it*Ir<»n Pipe JoIntM. Philadelphia standard. The clear 
distance, d, between the spignt aitd the faucet, is ueariy uniform for all Bice* 
of pipe, varying only from inch for 4-inch 
pipe, to A inch for 30-inch pipe. The depth, 
rti n, of tne faucet vanes from 3 lus in 4-inch 
pipe, to 4 ins in 30-inch pipe. 

The small beads at s and »t, and m' on the 
spigot end of the pipe, project about inch ; 
atm prevent the calking material from entering 
the pipe. The calking consists of about 1 to 2 
ins in depth of well-rammed, untarred gasket, 
or rope yarn ; above which is poured melted 
lead, confined from spreading by inenns of clay 
plastered around the joint. The lead i*' afiei- 
wards compacted by a calking hammer 

The lead is poured through a hole left in the 
clay on the upper side of the pipe. In large 
pip^, two additional holes are left in (he clay, 
one at each side of the pipe, and lead Is first 
poured into the side holes by two men at once, 
one man pouring into each side hole until the 
oint is half full. The side holes are then 
stopped, and, after the lead already ponied has 
hardened, the two men finish the f>onnng by 
means of the top hole. This course is necessary, 
because the great weight of melted lead in the 
entire large joint would pre.ss away the clay at the lower side of the joint, and 
thus escape. 

The moisture in the clay is liable to freeze in cold weather, and to render it 1r»<» 
hard to be used. It is also liable, at all times, as is also any dampness in the pijs' 
to be converted into steam by the heat of the melted lead. The steam sometimes 
breaks out, or “ blows ** through the clay, allowing the lead to escape. 

Art. 7. The Watkins patent Pipe Jointer avoids these difficulties by 
diapensing with the ring of clay. It consists of a ring R, Figs 39 and 40, of square 




erosB-Beetion, and made of packing composiMl of alternate lanTs of licnip cloth 
and Imlia rulibcr, 'ibis ring is encircled bv one or more thin strips of spring 
Bteel, which are riveted to it at Intervalh, as shown. E K arc iron-clitows riveted 
outside of tlie steel bands. After the gasket has been rammed into its place, tlie 
riug is placed aiound the singotnear the faucet, in the position shown in Fig 40, 
and is held loosely liy the clamp, Hg 41, one point of which eiiler.s a small pit in 
each of the elbows, E F.. The ring is llien, by means of a hammer, driven close 
up against the end,/, of the faucet, I'lglW; the screw of tlie clamp Is tightened 
somewhat, so a.s to bring the ring cl4*se to the spigot ; a small dam of clay is 
placfsi in front of the aiiertnre lictwcen the two elltows, E E; and tlio Joint is 
ready for pouring. After the le»l has hardened, the “jointer” is removed, and 
is really for use at another Joint. U|)on it.s removal the load is found Bmooth, 
requiring no chipping. One can be used for several hundred joints. They dis- 
pen.se with the servim of the men who prepare the clay collara, and aupply them 
to the Dourer-*. 'I'hos. Watkins. Johnstown, Pa. 
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Art. ft. A»a. further preventive jij^ainst the escape of any of the flas- 
ket into ttie pipe, a nn^ of lead pipe is sometimes placed id the joint 
hefoie I he gasket is inserted. Thislead i>ipc is of such diameter that it can just 
he pushed through the sjiaee. </, Kig S8, between the spigot and the faucet; and 
of such lenulli as just to encircle the water-pipe. It is driven as closely as pos- 
sible into the lun low annular space at 0 0 , l-igUS, The gasket is then lanimed 
in, and the lead jioured, as usual. 

Art, ». In J<»lin F. liVnrd'M flexible Joint, F ig. 42, for cast-iron 
pipes laid across the irremdar beds of streams, a poition, a o, of the inside of the 
m il It is accurately turned to foim the middle zone of a sphere,, with center at C, 
and the narrow surface »« t?/, on the 
outside of the sjiigot S, is turned to 
form a segment ol a sphere aceiiratcly 
titling the loimer. 'J he lead is jHiut-ed 
wliile the two adjaeent lengths of pipe, 
lest mg on snitahle vessels or floats, 
are in a straight line, or nearly so. The 
lea<l oecupip.s the space woi.sliow n black, 
and is held in place on the spigot hj the 
- depiession d d. As fast as the joints are 
thus filled, the Iloat.s are niovetl for- 
ward, and the pifies, if small, are passed 
iidoshallow water w'lthout further care. 
Suitalile appaiatus is used for lowering 
large jupcs into deep water without uu- 
duestrainon the joints. The joint per- 
mits a deflection of If)®, a.s shown; but 
further deflection, which would be lia- 
ble to split the hell, is prevented by the 
Fiif. 42. slops at 0 0 on the beh and t r on tlie 

** ' spigot. In somecases prelim inaiy dredg- 

ing may be exptslicnt, to diflainish abrupt irregulantie.s of the bottom. Over 
thirty line.s of )upe lurnished.wiUi this joint have lieen successfully laid, of 
diameters up to 3 feet. 

Art. 10. In Figs 43, A is a doable branch; which is a pi|>e having, in 
addition to the faucet, c, at one end, two others, « aim i, to Yl)h;h pipes leading in 
oppositedirectionsIasatcrosH-street*) may be attached. Ifeither j or i lie omitted, 
the ])ipe is a Mingle branch. The pipe is stronger when these extra laueets 
are near itsend, than if they were at its middle. In a longlineof pii>e.s, for thesake 
of expedition, different gangs of men are frequently laying detacoed portiunssoiue 
distance apart ; and when two end*- of different portions are brought near enough 
together to be united, as h and r, Fig C, their junction cannot be eft’ected by the 
usual spigot -and-faucet joint. In thiscaseacast-ironNleeve, 1 1, is used, which is 
first slid upon one of the pieces of pijH? ; and (after the other piece also is laid) is 
slid back into the position in the fig. so as to cover the joint. .Sh'cve.s are usually 

about a foot long; ns thick as 
the pipe; and their diam is 
sufficient to allow the usual 
joint of gasket and lead. 
There is of course such a joint 
at each end of the sleeve. 

Art, 11. When » 
crack occurs In a pipe, 
a a, Fig B, already in use, it is 
repaired by means of a cast- 
iron sleeve, p g, made in two 
pint's, bolted together by 
means of flanges os at nn. In 
L* other resfK'cta it is like the 

FigTM. 43 ]>veceding sleeve. The inter- 

mediate white ring is the lead 
joint. If the crack is loo long, or otherwise t<K> bad to be remedied by a sleeve, 
the pipe is broken to pieces; and the load joints at its ends melted oul, so as to 
allow of its removal. 'I'beu, since an entire new pipe cannot now be inserted, 
owing to the overlapping of the spigot-and-faucet ends, two short pieces must be 
substituted for it. One end of each of these is lead-jointed to the pipes already 
laid; while the other two ends, which will probably be a few inches apart, are 
covered by a sleeve, 1 1, Fig. C. 
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Cracks may at times be temporarily repaired in an eraerRcncy, by a wrapping 
of folds of canvas thoroughly saturated with white-lead paint; and tightly con* 
fined to the pipe by n spiral banding of thin hoop- 
ivon or wire. Or, by an iron band, made in two 
parts, B B, Fig 44, and elaniped together by screw- 
bolts, S S. Such bands are useful, also, for slrenglh- 
ening jiijics that are eonsidertnl to be in danger of | 
bursting. 

Art. 12. To attach a pipe, e, 42, 
to one, ft already In UHe, nut in which no 
provision has been made for such attacluuent, a 
piece may be out out of /, as at v r, and si casting, e, • 
furnished with flanges, m in, bolted over the 0 (>etiing, by serew-l)olt<i passing 
through female screws tapped in the thickness of the pipe. If the new pijie is 
so large that the opening, v v, if circular, would be inconveniently wide, it may 
be made oval, with tlie longest diameter in the direction of the lenp/h of the 
pipe,/. In that case the casting « will be oval at its flanges ; and circular at c c. 

Art. 13. Air valves. Air is apt to collect gradually at the high points 
of vertical curves along the supply pipes; and, unless removed, obstructs the 
flow. This may be prevented by au air valve, Fig 44A. This consists of a cast- 




froa box, eedJ, confined to the main pipe mm, hy screw-bolts pessing. through 
Hs flange d<L It has ■ cover png, confined to it by screws I (; and at the top 
of which is an opening n. for the escape of air from within. In this boi is n 
float/, which may be a close tin or copper vessel, or of layers of cork, as sup- 
posed in the fig; or Ac. 'J'his float has a spindle or stem < «, fast to it; which 
passes through mieuings in the bridge-bars a a, and o; thereby allowing the float 
to rise and fall freely, but preveniing it from moving sideways. When the pine 
m m is empty, the float is down; its base y resting on tbe cross-bar a a. Tne 
stem 1 s has fixed to it a valve v, which rises and fulls with It and the float. 
Suppose the pipe m m to l>e empty, and consequently the float and the valve v 
down. Then, it water lie adroiited into the pipe, it will rise and fill also the box 
as far up as e; and in doing so will lift the float/, and the valve e, to the position 
in the fig ; thus preventing egress to the outer air by closing the Ofiening at v. 
Now, air carried along by tbe water, will, on account of its lightness, ascend to 
the highest points it meets with. 
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Hence, when such air arrives under the opening aa, it will rise throu^i it, 
and aacend to a; the closed valve preventing it from going farther. Thus 
auccessive portions of air ascend, and in time accumulate to such an extent 
as gradually to force much of the water downward out of the box. When 
this takes place, the float, which is hold up only by the water, of course de- 
scends also; and in doing so, pulls down with it the valve v. The accumulated 
air then instantly escaiies through the openings at v and n,into the atmosphere; 
and the water in the pipe mnt, immediately ascends again into the box, carry- 
ing with it the float; and thus again closing the valve v. The valve, and the 
valve-seat e, are faced with brass, to avoid rust, and consequent had fit. Tbe 
whole is protected by an iron or wooden cover, reaching to the level of the street. 

Air waives are no Ioniser used In city pipes; tlieir place being 
supplied hy the firejilugs at average distances of about 160 yards apart. Thesa 
being placMHl as much as possible at the summits of undulations in the lines of 
pipes, for convenience of washing the streets, and being frequently opened 
For that piirfMjse, permit also the escape of accumulated air. 

The escape of compressed air thronah an air valve, or 
other openini;;, has been known to produce bursting of the 
main pipes: for tlie escape i.s instantaneous, and permits the columns of 
water iii the pipes on U»ih sides of the valve, to rush together with great 
forces, which arrest each other, and react against the pipes. 

Air- Vessels. Motion Is imparted to the water in a line of pipes, hy the 
funrard strobe of the piston of a single-acting pump; but during the backward 
stroke, this motion is stopfK'd ; and the water in the pipes comes to rest. There- 
tore, at the next forw’aru stroke, all the water has to be again set In motion; 
and the force that must he exeitw by the pump to do this is much greatei than 
would be require<i if the motion previously imparted had been maintained 
during the time of the backstroke. The addition of an air-vessel swures this 
maintenance of motion, and thus elfecte a great saving of power; besides dimin' 
ishiug the danger of bursting the pipes at each forward stroke. It is merely a 
tall and strong air-tight iron box, usually cylindrical, strongly bolted on top 
Of the pipes just beyond the pump, and communicating freely with them 
through an opening In its base. It Is full of air. The forward stroke of the 
piston then forces water not only along the pipes, but also into the lower part 
of the afr-vessil through the opening in its base; thus compressing its con- 
tained air. But during the back.stroke, this compressed air, being relieved from 
the pressure of the pump, expands; and in so doing presses upon the water in 
the pipes, and thus keeps it in motion until the next forward stroke ; and so on. 
In air-ves.>el also acts as an air-cushion; permitting the piston to apply its force 
to the water in the pipes gradually: thus preserving both the pipi‘s and tbe 
pump from violent shocks. Tbe air in (he vessel, however, becomes hy degrees 
absorb^ and taken away by the water; and its action as a regulator then 
peases. To prevent this, fresh air must be forced into ihe vessel from time to 
time by a conden-ser, or forcing alr-puinp. A double-acting pump does not m 
much need an air-vessel. There is no particular rule for the size or capacity of 
air-vessels. In practice it appears to vary from about 5 to 60 times that of the 
pump; with a height equal to two or more times the diameter. A stand-pipe 
(see Wlow) is sometimes used instead of an air-vessel. 

A Htand-pipo is sometimes used for the same purpose as an air-vessel (see 
fthove). It is a tall pipe, open to the air at top; and communicating freely at 
Its foot with the waier-pipe, in the same manner as in an air-vessel. Its top 
must be somewhat higher than that to which the pump haa to force the water 
through the H.y«lein of pipes; otherwise the water would be wasted by flowing 
over its top. The area of its transverse section should be a/ equal to that 
of the pipe or pipes which conduct the water /row it; but it is at times better 
to nave it much larger, as a stand-pipe may then answer, e8)>ecially in a small 
town, a» o reservoir, if the pumping should cease for a few hours. A stand-pipe 
should b(' cylindrical, not .conical ; tor if (hick ice should form on top of the 
water in a conical one, a sudden forcing of it upward by the pump might strain 
the stgnd-pipe seriously. The stand-pipes connected with the Philadelphia 
Water-Works are from 125 to 170 feet high ; 5 feetdiameter ; and made of riveted 
boiler-iron about % inch thick near the base, and about near tbe top. 

They have no prot^tion from the weather ; nor are they bmed In any mnnner ; 
but retain their positions by their own inherent atren^b, although espoead at 
times to violent winds. 
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Art. 14. The flerviee*pipes for ttiipply iiifp ninvle dwellinfriK 

•re of l**ail ; and ol to ^ inch bore. They are connected with the street nniins, 
« n, I’ig 4ii, by a bra^MN ferrule,/, here kIiom n at 

real f<i 2 e. The dotted lines show its inch boio. • ) 

The tapering ferrule is merely hard driven into a ey I- 
)udncal hole reamed onto! the main, as at s. The lead 
pipe, o, 18 attiuhed to the other end of the leriiile; 
overlapping if about l).j im\ and the joint coldeied.f. 

The extra thiekness neat /, is lor gi\ing pioper shape 
and strength for hamiuei mg the ferrule into the main. 

The pipe and solder aie sliown in section. Be.Mdes the 
stopcocks attached to each service-pipe, and to its 

blanches through the house, theie is an nndeigroiind one by which the cityauthori 
ties can stop off the water in case of deliinpieiicy in payment of due* ; and iinothei 
by wliuh the plumber can stop it off when so reiiniiod duiiug indooi leianrs. C«h|. 
VaillzefI iron tub4‘M aie hemg much used fur sei \ ice-pipes, especially toi hot 
water; being less subject to cuntrat tion and expaiisiun. w Inch pioduce lei.ks 



Art. 1.1. The so-called *^c‘orporatloii Ntopw’* or “«orpnration cocks' 
are insoifed into tlie pipe bv a special iiia< bine, Fig 4n. Their great advantage o\er 
the ferrule, Fig 45, is that thoy rnii b«‘ iiisertrd Into a pipe when the 
latter full of aater tinder prt'MMiire. Besides, 
inasmuch as lliej aie into the pipe, they are in no danger 

<d hemg loiced out ol it by any pies^nre within it As tlieii 
name implies, they are tunnshed with a stop xalve. which is kept 
closed while the valve is hemg inserted into the pipe, and is then 
opened, and genemlly remams open peimanently. 

Plpe-tappiii|tr maeliiiiesi, toi dulling and tapping tht 
pi()e,aud for attacliiug these stops, are made in a v ai lety ot loriiis 
Fig 4ri shows one made hv 
Walter S. Payiit* A 
t'O.. Kostorm, Ohio Kin h 
Ij- ol ihcM- innchmex is liirnished 
w Ith II nniiihei ut inalleabbi 
raxf-iron saddh-s, which til the varionx diains of pipe 
with which It is to be ii'ed '1 ho saddle is not sliown 
in the fig It i.s fastened t<> the pi|>e b\ a chum slung 
i» around the latter The (hum is tightened by a bolt 
‘ ^ and nut at eai h end 

The biass cylinder, C C (into which a tiip-imd-ilnll, 
T, and the stop, 8, have fust been inseited), ix then 
screwed into the saddle by means of the tlir-ad at A 
The stop is temporarily suewed on to a rnandiel, M. 
This rnandiel, and the dnll-Hhank, K, |msK through 
Stuffing-boxes cast in one with the lieaii of the ryl. 
By iMeaiiH of a handle, not sliown m Ibe fig, ibih bead 
is now revfdved (while the body of tlie «yl reinatns 
stationary) so as to bring the di ill, T. and stop, 8 into 
the respective positions sliown m the flg. When the 
cyl head comes to the proper position, it is stopped by 
a lug inside of the cyl. Tlio drill is then immediately over tiie renter of a large 
circular opening in the hase of the cyi,0 C. and over a stmilnr opcuiing, through the 
saddle, to the surface of the pipe to lie bipiMHl. It is than pushed down until it 
touches said pipe. The ratchet-wrench, W W,is then set ou the H<(iiare head of the 
drill-shank, K; the feeder-yoke, Y, willi feed screw, F, is put in ]ioHUian as shown; 
and the piiie is drilled and tapped by working the wrench ; whereupon the water in 
the pipe, if under pressnre, ruMhea out through the hole thus made, and fills the 
cylinder. 

By reversing the position of the switch on the ratchet In the wrench, W, and by 
Working the latter, the tap is now withdrawn from the hole, but remiiius in tbe cyl. 
Tlie cyl head is now revolved ho as to reverse the iMwltions of S and T; the lug in- 
aide of the cyl stopping the head when the ifop is immediately over the hole. By 
means of the ratchet-wrench, aiiptied to the square head of the mandrel, M, the stop, 
B (f/ie valve of which mnU he elated), is now screwed into the hole, hut only far enough 
to hold securely, and thus prevent the further escape of the water from the pipe 
when the machine Is now removed. The stop is now screwed firmly into place by 
means of a wrench applied to a square on the stop Itself. When the pres in the pipe 
exceeds atont fiOO lbs per sq incii, tbe feeding apparatus, as uaed with tbe drUl (sec 
may Leftlso used in aiding the insertion of tbe stop. 
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TUe manflreJ, M, is made In two lengths (one of which screws into the other) if 
order that tlie njiper part may b« out of the way of the wn'iicb baiidle while drill 
lug. It has three or iiioie diff threads at its foot, to suit diff sizes of stop. Stops 
niado to siiit the macliine, are furnished as wanted. 

Iho machine can work in any ouectiou radial to the pipe, and can therefore be 
used lor tapping a pipe in any part of its circumference. 

After tlie stop is inserted, tlie sei vice-pipe is atia< Led to its outer end Ly A coup- 
ing nut passing over the tliread theie shown. 

The machines are guaranteed to tap under a pressure of 600 tbs per square inch. 

Art. 15 a. The pneumatic dome Figs 4(i o and 46 h, invented by 
Mr. N. Monroe Hopkins, of Washington, D.C’., i.s designed to prevent the burst- 
ing of water-pipes in lieezitig weather. 

In uiiiinittcted pipes, tiie water, in fiee/iiig, is iiiialile to expand longitudi- 
nally, and therefore I'reiiuently hursts the pipe in expanding lat- 
erally. rhe domes, being placed iu the pipe, as shown, at intervals 
of about 1*2 feet, where freezing is to be apjin 
longitudinal expansion, which pushes the ice 
toward each dome, where it compresses the an 
vided. In the hori/ontal dome, Fig. 46ft, the doi 
cast in its lower sule at r compel tlie two hoii/i 
to rise into the dome, instead of merely ahutti; 
each other. 

I n order to insure that the domes in a system 
tsueh as tho e for a house or mill oi on a bridge) 

''hall not be deprived of their air by the flow 
of the water in the piis's below them, an in- 
spirator is placed In the pipe at theentrame 
to tlie system. I’he in-pirator eonsists essi n- Fig. 46 a. Fm 4G b. 

iially of a constriction in the pipe, winch in- 
creases the velocity of flow at that point, and thus causes an indraft of air 
through a valve provided foi thepurpo.se (see \entun meter, page 5S2). The 
uir, thus introduced, is carried ahmgthe pipe in huhbles hei ween the aurface 
of the water and the ton of the pip • and is entraiiped by the domes When, 
ny closing faucets, e.c , ttie flow in the pipe is cheeked, the increase ol pressure 
closes the ' alve 

S'verc tests of both laigeand small pipes (4-iucli and •'Jj'-inch protected by 
these domes, have shown them to he always efl'ectue in preventing rupture. 
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Art. 16. Stop- valves, or ffates, opening: vertically In grroves, are plac^ 
•oroBs the street pipes at intervals of from 100 to 300 yds. Their use is to shut off 
the water Irom any section during repairs; the water of such eectione being allowed 
to run to waste, and to soak into the ground. 

The details are much varied by diff makers. 



Figs 47 and 4S show such a gate. Thp valve, r, is cast In one 
piece. When down, as In the tig-s. it closes the pipe. It opens vert 
by means of a screw, D. the valve rising Into the cast-iron case or 
box, B B, and leaving, when all the wav ui», an opening of the full 
diam of the pipe. The screw is turned by a wrench fitting on Its 
square head, h. The screw, D, Itself, is prevented from moving vert 
by the collar, C. 

The two principal castings which coniTKi.se the box or cover are 
bolted together by means of flanges, g. The joint faces of the cast- 
ings are carefully smoothed ; and a thin strip of lead is inserted 
between them, as a precaution against leaks. The recess, U, admits 
small particles of foreign matter which might otherwise prevent the 
gate from closing perfectly. The valve seats are faced with Babbitt 
metal. At the top of the cover, the screw stem passes through a 
stufflng-box, which prevents leaking at that point, 
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Art. 17. Fig 49 allows an arrangement with outHide f»crcw for raising 
and lowering the valve. Here the screw, I>. does not revolve, but is attached to the 
valve, and rises and fulls with it, being laised or low. 
ered by turning the wheel, W, at the center of which is 
a nut through which the screw passes. The nut is fixed 
in the wIhm’I, and is so confined that it, and the wheel, 
cannot move vertically. 

Art. IH. A four-way atop, or four>wa^ 
valvr« Figs ,'i0 and t>l. IS placed at the intersection m 
two mams; the four ends ol whicli are attached, respec 
tivi ly, to the four openings, M M M M. At the botton 
IS an additional opening, conned mg, by means of al 
elbow, II. with pi|K‘8 running to a fire-h.vdiiint at the 
street curb. Sec 4rt8 2ii and 21. Two or iiu>re of such 
liottoiii openings may he made, if desired, for the sup* 
jdy of as many hi e-hydrants. Al! of the openings are 
opened or closed at one time by raising or lowering 
the valve or plug, l\ by nieans of a wrench or key ap* 
plied to the sqnaie head, S, of the screw stem. As in 
Figs 47 and 4«, tlm screw- lurns, but is prevented from 
using and falling, and the plug moves up und down oq 
the screw. 

Inasmuch as all sediment escapes into the bottom 
opening which leads to the fire-hydrant, the valve is not 
liable to clogging through this cause. Tiie fire-liy 




Fis* 49 


Fig. 50 


Fig. 51 


I 


draiit, lu’iug led from lioth ot the mains, obtains a luHer supply than would be posbi- 
ble if it were fed, as usual, through only one main. 
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Art, 10* Whatever thu Ktyle of the gate niuy Ih>, it in, when attached to the pjp(^ 

R rotected by a itnrrouiidinfi^ box, generally ol iilauk or cuHt-iruii, with 
nr sides, which taper su that the box is of stnullei iioi section at top than at bottom. 
It 18 open at bottom, but has a mo\able non i«pp, b-vol with tlie street. This top la 
taken off wlien tlie vahe is to be oi»ened or iloaed, or insjiected. Two ol the opjK)* 
site Rides ut the box ot conrse have upemugs tor the p.issage ot the pipes to or ftom 
the valve. 

The gales, espeemll.t of laige mains, must lie cloHed very slowly. Otherwise, the 
too sudden arresting of the monientum ol the llowing water would be apt to break 
either them or the covers; or burst the pipes. As a precaution against tiiis, the 
covers for very large valves are cast witli outside Htrengtbening nlis. 

No self-acting air-valves (Fig 44 A) are now placed at street summits, to allow 
confined air to escape. The fire-plugs .an.swer Instead. The rad for hor bends in 
mains is if possible not less than about 12 times their dlams, they are made as large 
as the widths ot the streets will admit; uRually about 50 ft. Fire* phi Figs 
52. dtc are placed as much as iiossfblc at summits, so as to serve also for washing 
the streets : and for the escape of aecnmulated air They average about 8 in num 
ber to each mile of pipe ; or 1 to each block of buildings 
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Art.20. Fig 52 represents a common street fir«-i>lnfc% or fire-hydrants 

The valve, i>, is of layers of well- 
hammered sole-leather ; and, when 
closed, shuts against a brass ring 
seat, o, which is confined to its 
place by a lead joint. The valve is 
oiKUied by working down the 
screw, «, which, by meaas of a 
swivel joint at a, can revolve 
without turning the valve-rod, y. 
When the valve, v, is closed, aftiir 
the plug has been in uSe, the 
chamber, c, is full of water, which, 
if allowed to remain, would be in 
danger of freezing, and ot bursting 
the plug But, in closmg the 
valve, we raise the flange, I, on the 
rod, and thus allow the water to 
escaiH* through the opiming at /, 
whence it runs to waste into the 
ground, through the open lower 
end of the frofiit •Jacket, i j, 
which IS a hollow cast-iron cylm- 
L ■ der surrounding the working parts 

of the hydrant. Being free to 
' '' slide vert it rises and falls when 
the level of the ground is dis- 
turbed by frost, and hj^drant 
is thus protected against injury 
from thus cause 

The top, t, of the hydrant case, 
is cast in one piece with the 
chamber, c. 

The stopper, e, screws on over 
the nozzle, «. 

Art. 21. In Fifa 53, 54. 55, 
the waive, w w, is a gliding 
one. The stem, y, Fig 53, to 
which the screw, », is attached, is, 
like that in Figs 47 and 48, pre- 
vented from moving vert by a col- 
lar, fast to it near its top, and con- 
fined in a circular groove. When 
the rod and screw are made to re- 
volve, by means of a wrench ap- 
plied to the square head of tto 
former, the valve slides up or 
down on the screw, admitting the 
water to, or shutting it off from, 

, the hydrant. The valve slides on 

the two guides, g g, which are cast in one piece, respectively, with the two vert 
sides of the lower part oi tiie hydrant. Its circular face, where it comes into con- 
tact with the hydrant case, h, is faced with a gun-metal ring, e e, which bears 
similar ring, made of Babbitt metal, let into the hydrant case. 

hydrant case after closing the valve, escape# throuj^ 
a cylindrical hole, d, about % inch diam, bored through the guide, g, and case, h. 
riiis hole 18 at such a ht as to be just above the top of the loose plate, p, w*hen the 
valve IS closed, as in Fig 53. This plate lies in a vert grcKive in the side of the 
valvo-cMting, and ia pressed against the side of the cav, h, by two spiral springs 
confined m cavities, c c, in the valve casting. When the valve begins to rise, the 
holei o, IS closed by the plate, v and remains so until the valve is again entirely 
oioseci* 
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Tent BoriniTH. I' icts l and 2 show a tool for borinfc into soils, 

slsjy sand, or gravely oTen when quite indurated, or when frozen. It wil! 

^ not hore tliruugli hard rock, or tlirough large boulders. 11 
^ consists of two sheet-iron cylindrical segments 8 S, lyillod 

ACJ 0 pods,” having their lower or cutting edges shod with steel 

■f W These edges project (as shown in Fig 1) beyond the sides of 

the anger, and thus make the hole larger than it, so that it 
cannot bind or stick. The two cutting edges are equidistant 
M Is tool,and this insures a straight 

sH 1'^ and vert hole. At a the auger is attached to the lower end 

l| I ofavert boring rod compos*^ of a nuintier of IV^-iiieh square 

n ■ >V^'inch iron tubes, aj.)uut 10 to 15 ft long, 

fi I jointed together at their ends by means of square socket 
joints. At the tup of this boring-rod is a swivel-hook, bj 
metins of which the entire apparatus is liung to the end of • 
I'lO 1. Flo 2. rope, which passes over a pulley at the toji of a derrick 01 
tripod, and down to a drum worked by a windlass and gear 
ng. By means of this drum and rope, tlie auger and boring-rod (which at first con* 
lists of only one bar) are lifted, and suspended over the intended hole. The augei 
is then lowered, and rotated hor by two men or one horse, working at the ends of 
levers which grip the boring-rod a few ft above the ground. The swivel at the top 
of the boritig-rM {lermits this rotati<m to take place without twisting the roiie. 
The shape of the anger is such that its rotation feeils or screws it into the ground; 


and the man at the windlass has, during the boring, merely to keep the rope tight, 
•o as to prevent the auger from lioring too fiist, and liecoming clogged, lii about 8 
tevolutiona the auger tills with earth. By means of the windlass it is then raisetl 
to about 2 ft above the ground ; and by unicey iug and removing the band 6 the aiigef 
h opened like a pair of tongs, and the earth emptied into a wooden box which hat 
Id the meantime been placed over the hole. The box is then removed and emptied. 


and the boring pruceims as before. When the boring has reached a depth of about 
10 ft, a second bar must be added to the tup of the rod. For this purpose the rod 
•nd auger are raised a few inches; a slight frame-work of lioards is placed on tha 
grouud, close to the boring-rod and surrounding it; and a flange is clasped tightly 
to the rod just above, and close to, the framework. The framework and flange now 
aupport the rod and auger; the swivel-hook and rope are removed, and attached to 
the upper end of the second bar, which is then raised, and its lower end is fastened 
into the aocket-Juint upon the top of the first one. The rope is then drawn tiglit; 
the flange removed; tiie auger lowered to the laittom of the hole; and the boring 


fesnmed. Additional lengths of boring-rod are attached in tlie same way from time 
lo time, as required by the deeceot of the auger. 

Hie ^rars may be made from 6 to 18 inches in diameter, or larger. If desired, 
the boring may be made from 24 to 36 ms diam by attm'biug a reamer to the 
auger. Tuis auger will bore to a depth of lUO ft or more at the rate of from 5 to 
20 ft per hour, it removes stones as large as half the diam of the hole. In dry 
■oils a bucketful of water is {toured into the bole each time tbe>uger is raised. 

This borer may be advantageousty used in boring the linles lor Mind pll«N, 
and at times, Instead of driving; wooden piles, it may be better to 
plant them (butt down if preferred) iii holes bored by (bis auger ; ruintuing the 
earth well around them aiWwurds. This will save adjacent buildings from the 
jarnug and injury done by a pile driver. 

If sandy mndy or loose gravel Is reached in boring with this tool, 
the bole is reamed out 4 ins laiger, and a tnbing; of inch boards is inserted 
into the bole, and driven into and tluongb the fiaiui or gravel, which Is then 
removed from within the tubing by means of a sand-pump, consisting of a 
hollow iron cylinder, about 6 ms diam X 30 ins long, w iili a valve at its foot, 
oi>ening upward. The sand-pump is lowered to the iKittom ol the bole ; covered 
with water to u depth of 2 to 4 ft, and churned quickly u{> and down 4 to 6 ins, 
by hand, 20 or 30 times, during which the sand fills the f)nni{i, which is then 
drawn np and emptied. From 10 to 20 ft m deptii of sand, mud. Ac, per hour 
can thus be taken from a 6 to IB-inch bole. This pump is also used fur removing 
broken earth, Ac, from a hole imred in compact eartli by the borer first described. 

The cost, with derrick, boring-rods, rope, sand-pump, Ac, Ac, complete, is 
about S175. The anjger weivbs from to 200 1^, according to size. 
Boring-rod i}^ ins sq, 3% flte per C Derrick, 150 lbs. 

The saira-borer. Figs 3 and 4, like the sand-pump lust described, is used 
inside of tubing, and for the same purpose. The hollow iron cylinder C, 10 ins 
diam X 30 ins Tung, slides vertically on the rod, but the screw is fast to the rod. 
While boring, the sand below and around ibe cyl keeps it in the position shown in 
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rte 8. Bix TCTolutioDB of the rod aod screw fill the cyl wHh saud. The rod is theft 
bfU'd. This first draws the screw up into the cyl, as in Fig 4; and a valve at the 
foot of the screw closes the bottom of the cyl, and prevents the sand 
firona falling out when the borer is lifted from the bole. The rod is I I 
hollow, and open at top and bottom. This allows passage of the air, 1 

sod thus prevents resistance from suction in withdrawing the borer, I 

This tool is rotated and withdrawn in the same way as the earth borer I 

first described. Cost about 830. U I 

Steel proftpectinir from 2 to 4 ins diam, and 2 ft H| I 

long, are used for boring boles from 23 ^ to 6 ins dimii, and to depths 
<»f 10 to 50 ft, into elay, ftand. or fine ifrav**!. of all of which H 

tiiey bring up samplof,. They aie turned by wreiiebes, and by man mT 
01 horse power. See also p 674. IH 


The boring: tool Ahown in vert Hection by Fie pios 8,4 

and in bor cross section by Fig 6, is very usrfiil for boring: shal- 
low liolen by hnn<l throiig:h Aiirface aoIIa, clay, and gravel, and 

bringing up sauiples. Tlie Isirer pri»per con.Hi^ts of a cylinder ot 

spring steel, 3 or 4 Ills dinni, and 4 or 5 ins liigh, with sides 34 9 9 

liirh thick, having a vert slit (see cross section) tliniiighout its 0 3 

height, and b(‘V( h‘d to a cutting edge all uioiind its foot, as ^ Ja 

ahown In the vert section. At Its fop it is iiveMl, as shown, or 

Welded, to the in>erted-e-Hhaped forging, which, l>y meiuiH of the 

Bucket at its top, is screwed to a length of gas-pipe wliu h ser\e8 

fts a handle, and to which other pieces are joined by sockets lis 

boring pniceedx. 

The boring is done by two men. who grasp the handle, and, 
holding the tool vert, drive it into the ground by repeatedly 
lilting it and forclhly bringing it down upon the same spot. As 
the tool sti ikes the ground, the beveled shape of its cutting edge 
tauses it to open sliglitly, and when the downward pres Is re- M 
lieved In lilting it. it springs back and grasps the eartli which ^ 
has eiitereii it. It soon fills , and the men, finding that it ceases ^ ^ 

to penetrate readily, lift it to the surface and empty it. The ^ M 

ebaraoter of its contents from different depths, measured along M ^ 

the handle, is noted from time to time. M M 

Id six dajs of 8 lionrs each, three men (one ra^mTnTTTT^ 

resting at interNals) iiKing one sm b anger MB 

between tlieni, boied 20 boles, averaging M 

ft each. 111 loam, gravel, clay, and decom- ^ ^ » 

nosed mica 8chi^t, at a cost of 22cts per foot. a|| wB ^Hh ra 

Wages of eacli man, $2 per day. ^ ^ SH|] g 

For work in loam, clay, or non-rntining g^HI g 

sand, an eflbcti ve Aerew<nii|ger can . . lilg 

be made by any good blacksmith, by merely HBOlLlIIuSSi 

forming a one-inch sq bar of inm or steel yio fi, Fio 6. 

Into corkscrew sliape about 2 ft hmg with 

6 complete turns 6 ins in diam ; Its lower end Bhari>ened to form a vertical cutting 
edge, which sliould project say .6 of an inch beyond the spiral of tbe screw, in ordec 
to diminish friction. It will bring up full samples. Requires a derrick, or soma 


other simple mode of lifting, when tbe screw is full. 

Artesian Well Drllliiiir. Deep vert boles In earth and rock, 0 and 8 Ins 
In diam, such as are reqd for artesian wells forw'ateraud oil, and for mining explora- 
tions, are drilled by repeatedly lifting and dropping, in the same vert line, a heavy 
Iron bit, Pigl.p 673, with a steel cutting-edge. The bit is partly revolved horlxon- 
tally after each blow, to insure roundness of hole. Tbe length of the cutting-edge 
of the bit is a little greater than tbe diam of the bit, and the bole is thus made suf- 
ficiently large to prevent the bit from binding in it. 

Tbe bit is the lowest one of a series of iron and steel bars, Ac, screwed 

together at their ends, and called a string: of tools.** The string of tools 
varies in length from 25 to 60 ft, according to tbe size and depth of the hole, and tbe 
hardness of the rock; and its diam throughout (almve the cutting-edge) is an inch 
or two loss than that of the hole. Its widght is from 800 to 4000 lbs. Its upper 
member is always a “roiw-sockct,” Fig 4 (withmt a swivel), to which the lower end 
of the supporting roiie eoble is attached. Tliis cable passes up out of the hole tf 
ft hor levrr^ which, by means of a horse-power or steam-engine, is kept con- 
stantly moving up and down with a see-suw motion. The string of tools, with the 
oQttiugedge of the hit at Us lower end, is thus altemfttely lifted from 2 to 4 ft, and 
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let fall, frum 30 to 50 Times per minute, and so drills its way into the rock or oftrUt 
From 4 to 10 ft in depth of water are kept in the hole, to facilitate the ^inllingant 
the reinoviil of delirih. After water is reached, the dulling may he continued, eves 
if the hole is full of water ; but a great depth of water of com se diminishes the fores 
of tlie blows of the bit. A suitable arrangement must la* provided for payiiiK 
out the rope as tlie boring tool doseeuds, A clamp is attached to the cable, 
and the man in charge, by tinning the clamp, t wests the rope, and thus tlirntl 
the bit htirizoiitally ahunt one-fifth of a revolution alter each stroke, until 
SIX or eight complete icvolntions l*av«* ht'eu made in one direction. He then re- 
verses llie motion, and makes unequal numherof turns, at the same lute, in the 
opposite direction. 

After drilling a few feet, the string of tools Is lifted out wf the hole hy means of 
the cable, to allow the removal of the «lebriH which has Hcciimulated m tlm 
hole. This is done hy means of a Maiidoptimp, which is a sheet-iron cylinder, 
say 4 ins diam, and 4 to 6 ft long, piovided. at its loot, with a valve oiN*uing upwaul. 
The pump is lowered to the buttoin of the ho|e,aud filled w ith the mixed water and 
debris hy churning it np and down a nnmlier of times. Sometimes, in addition to 
tlie valve, tlie pump is fitted with a plungiT, winch is at the foot of the pump when 
the latter is let dow n to the ImUoin of the hole. The plunger is then drawn up into 
the pum|i, and the debus lollows it. In eitlier case, the pump, when filled, is lifted 
out of the hole and emptied; the string of tools is again loweied into the hole, and 
the drilling resumed. The debris must be removed after every 3 to 5 ft of dulling. 
Otherwi.se it would interfere too gieatly with the action of the hit. 

Wells are iisiiallj’^ drilled rr<»m 6 t4> 8 ins diam. For diams less 
than 6 lus, the tools are so slender that they are liable to be liokeii in a deep hole. 

The same apparatus is used for drilling tliroiiKB the earth above 
the rock, betore the latter is reached. This is called “apnddnig,” In this case 
the Sides ot the hole must be prevented from caving in. For this pui pose a wrougbt- 
Iron pipe ot such diam as to tit the hole closely, and inch thick, is inserUd intc 
tlie hole, and is driven down from time to time’ as the drilling proci'eds Tlie pipe 
is driven by means of a heavy maul of oak, or other hard wood, 14 to 18 ins square, 
and 10 to 16 ft long, This maul 18 attached, hy one end, to tlie lower end of the 
same cable which, during drilling, supports the string of tools. It is thus r<peat* 
edly lifted, at.c< dropped upon the head of the tube, which Is protected by a cast-iron 
*‘driving-cnp.” The foot of the tulie is shod with asteelcuttmg-cdge niig,or “steel 
shoe.” When the tulto has been driven as faros It will readily go, the maul is re- 
moved fiom the end of the rope; the string of tools sulwtituted; and the drilling 
resumed within the pipe. 

The pipe is put together in lengths of from 8 to 18 ft, and the drilling and pipe- 
driving proceed alteruately until the rock is reached, and the foot of the pipe forced 
into it to a depth of a few ins, or far enough to nhut off quicksand or suiiace water 

If qiiicksaml In encountered, the string ol tools is removed, and the 
tand-puinp is used inside of the pipe. 

For reaming: out, or eiilargring', holes, or for stratg^htenlnfi 

crooked ones, Ac, special tools, such as reamers, Ac, are substituted lu place of tli* 
boring bit. 

Special care must be taken to have all the riihbfilfc aiirfacea thor»* 
OOffhly lubricated. The pulley in the mast-head, and the pinion-whoelft 
of tne horse jiower (if such V»e used) should lie well oiled every two or three hours 

In very cold or wet weather, a Nlied of rough boartlH, or a covet 
»ng of canvas, about 8 ft high, should he erected, to protect the m»*n ; and, If steaii 
h iised.2 or H boards should be used as a covering for the lielt, which will slip if wet 

For holcfi from 200 to 1000 ft deip, portable drillinir nia* 
Ctatnes,* worked by horse or steam powei, are used, in thiM- macluncs, the 
drill-rope, extending from the string of tools up out of the hole, passes over a sln-avr 
at the top of a wooden mast; down to, and around, a pulley fast to the woikiim 
lever; and thence, hy waj of a pulley fixed at the loot of the mast, to a drum upon 
which it Is wound. To tins drum a fiiclioii anil ratchet wheel is attached, for pay- 
ing out the cable as the tools desc-iiid. 

The maat la hinved six feet aimve its foot, so that its upper part may he 
laid hor when the machine is to ho moved. When at work, it is held in position by 
two timber struts or braces, bolted to it near its top, and having their lower endi 
hstenod to the ^drlll-Jaek,** which is a light and strung framework, 9 ft lon(|p 
t ft wtda, and 4 ft high, at the foot of the mast, coutaiuing the worUng lavw whirr 


♦ See Price-list, 3.67. 
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Fig. 4. 


U 


raises the rope and lets It fall, the drum uu which the rotm is wound, the shaft an# 
earn which work the lever, &c. The operator stands at the loot of tbe maet, and 
by means of foot- and hand-levers within his reach, regulates 
all the movements of the machine. One of these governs 
the pawl and ratchet wheel regulating the paying out ot the 
cable. By letting the ratchet-wheel of the drum mo\e one 
notch, the bit is led down quarter of an inch. 

The operator, by moving a slide with his foot, liolds the 
working lever dow'n, out of reach of the cam, thus stopping 
the up-and-4lown motion of the rope and tools. By means 
of another lever ho can now put the roiie-drum in gear with 
the mam driving-sliaft, so that tlio rope is wound up on the 
drum, and the tools draw'ti up out ot the iiolo. Another 
lever controls the separate reel on which the light rope, car- 
rying the sand-pump, is wound. All these operations are 
performed by the same power (horse or ste.un, as the case 
’ may be), which works on W'lthout stopping; the Tarious 
changes lieing made by merely throwing the different parts 
Into, or out of, gear with the main driving-shaft. 

One of these portable inacliineM required 
two horses or a small steuiu-ongine, a man to attend the 
same, and another man to oiierate the machine, empty the 
sand-pump, change the tools, &c. It can be transported ou 
t faim wagon over any common road. Tw’o men can unload 
it, set it up, and comtuence drilling, in two hours; and, un- 
less steam is pieferreil, the two horses used tor its transpor- 
tation furnish the motive |iuwer. The machine can be taken 
down and reloaded in the wagon in two iiours. 

Figs 1 to 4 siiow the tnold ttdofl with these ma* 
chines. For the different sizes of machine they differ 
Chioliy 111 llicir (iiiiieiiMOiis and weigliis. 

Fig 1 shows the drilling bit, wliich is HO to 3C ins 
long, and weighs about 100 lbs. Its lower or cutting 
edge is 6 ins long, its tof» is screwed into tbe fool 
of the niiffer-steni,** Fig 2, which is of 3-inch 
round Iron, 12 ft long, and weighs ^ lbs. Its use is that 
of a weight, giving additional force to the blows of the hit. 
its top is screwed luto the foot of the drill-jars,** Fig ^ 

3 ; and to the top of these is screw'cd the ropc-soekoi,** pjc, . 

Fig 4, to which the drilling cable Is attached. If the hit, 
or an^er-stem, becomes wedgred in the hole 
by any means, the operator stops the churning motion 
at the tools, and the rope is let out aliout 12 Ins. This per- 
uits tbe upper link U of the drill-Jurs, Fig 3, to slide down 
about 12 ins in the slot S in their luw'er link. The churn- 
ing motion is then started again, and the upward Jerk of 
the link U against the upper end of the Biot looscus tbe 
tools. 

These machines are made in a number of sizes, to drill 
boles from 2CK) to 1000 feet deep. The string of tools weight 
from 800 to 1800 lbs ; and th« macbiiie complete including 
tools, rope, mast, etc., but exclusive of power, from 1800 to 
4500 lbs. They cost from $700 to $1500 exclusive of power. 

The smaller sizes may be worked by horse power. A horse 
power weighs about 800 fi)s , and costs about $75. Fteam 
enrine, IGOO to 3600 Ihs., $150 t.i $300. 

For wells from 1000 to 3000 feet deep, a 
stationary machine, with a walking-beam, la used, similar 
to those employed in the oil regions of Pennsylvania. A. 
square pyramidal derrick is erected, 74 feet high, 20 feet 
square at hose, 4 feet square at top. Each of its 4 corner legs 
is (f 2 Inch X 8 inch and 2 inch X 10 inch planks, spiked 
together so as to form a 10 inch X 10 inch angle-piece, 2 
inches thick. Tlte legs are braced together by horizontal 
and diagonal timbers. The walking-beam Is of timber, 26 
feet long, 12 inches wide, and 26 imhes deep at the middle 
of its length, where it is pivoted to the top of a wxulen post FlQ. 1. Fio. 8, 
18 inches square and 12 feet high, called a ** Bamsou post** 

This post, at its foot, is dovgtaiU'd into me mam sill of fpe machine, which is 1| 
inches wide X 24 IncheB deep. 


m 


ARTESIAN WELL BORING. 


The motive power is a IS-hp steam-engine, winch, by means of a belt and pulley 
eraiik and pitman, working at one end of the walking-beam, gives to the latter its 
•ee-saw motion. To the other end of the l>eam, and immediately over the well, is 
suspended, by means of a hook, a “temper-screw,” This last is comi>o8ed of tw( 
bars of iron, about % X 2 ins, 5 ft long, hung 2 ins apart, fastened together at tlieii 
top ends, at which point there is on eye, which is suspended on the walking-beam 
hook. At the bottom of tlie two bars tliere is a eleeve-nnt, and iM'tween the two 
bars and passing through the nut, is a screw 5 ft lung, at the bottom ot wliieh tliere 
is a head, which carries a swivel, set-screw, and a pair of clamps, Tlicsc grasp the 
cable, 2 or 2^^ ins dium, whicli carries at its lower end tlie Alriligr of tools. 
This, for a 2000-ft hole, consists of a steel bit, 3 or 4 It long, weighing 200 to 400 11)8 ; 
an auger-stem of 4 or 5-moh round iron, from 24 to 30 ft long, and weighing from 
1200 to 2100 lbs; steel-Iined dnll-jars H ft long, weighing OThT toTOO lbs; a suiker-bai 
of round iion ot same diam as the auger-stem,12 to 15 ft long, and weigliiiig from 600 
to 1100 lbs ; and a rope-socket, i]A It long, weigliing 200 lbs. Total length of string 
of tools, 50 to 60 ft, total weiglit, ^00 lbs ; or, lor an 8-iiirh liole in the hardest rock, 
4000 lbs. The sinker>lmr is added to give additional w't, and thus to assist in t 
pulling the cable down througli the water, either in lowering the stung of tools or 
in working the drill-jars. Tlie shapes of the other tools are given by Figs 1 to 4. 
hpet'ial tOOla are used for recuvei iiig articles Unit may be accidentally dropped 
into tlie hole. 

The drillinif cable is wound on a drum, called a hull-wheel shaft, at tht 
foot of, and inside of, the derrick. While drilling is going on, it passes from th* 
bull-wiieel shaft loosely over the sheave at the top of the derritk. and dow'ii to the 
clamps at the lower end of the temper-screw on the end of the walkiiig-heam. Ai 
the drilling progresses, the temper-screw is turned oi fed out by tlie man in charge, 
who also, by means of a clump, twists the rope, so as to cliauge the posiliou of the 
bit after each stroke. 

When the tools are to be lifted out of the hole, the cable is disengaged from the 
:lamp8 on tlie temper-screw, and is wound upon the hull-wlieel shaft, wliicli, for this 
purpose, is tlirowii into gear with the steain-engnie ; the pitman being nt the same 
time remoied from tlie craiik-piii, so that the walkmg-heaui is at rent. As iii the 
portable maclnnes, the sand-pump is also raised by tlie same jiower whult does the 
drilling. 

Abikut 10000 ft b m of rouiph lumber are leipl for tlie deniik, walk 
..Tg-l)eam, sills. Ac, and about JMKKI ft moie lor sheds over the bnilei,eiignie,uml belt 
In ordinary iiard lime.sume rock, such a machine will drill about !)/<;; fi 
er hour under the iiumt favoralde encumstames. Two mcli arc required J 
me to attend to the boilei, sharpen the bits. Ac, and one to operate the uiachina 
In Pfcrcc's machine for test-boring, mineral pro.specting and well 
boring, the pifiea aie lirmai by an iron lam, like that ol a put* driver, but 
busing with hard wood on its lower or striking end. The lam is woiked by a 
hand winch The pipes are in lengths ol 5 to 10 leet. After eueh length is 
driven, water,* under pressure, is lorced, by a hand puinii, through a liollow 
drill rod, into the Ixitloui of the hole, wlnU* the dull rod is cliuined up and 
down by hand. The water forces the drillings (niu<l, sand, gravid, etc.) to the 
surface. The smallest machine drives 2 to 3 inch {*i|)es; the largest, 2 to 8 inch 
The macliJiies are in detachable parts, weighing Irom 10 to 65 Itis each, l-'out 
upright iron pipes, which carry the bead casting and crown pulley, act us guides 
for the ram, their ends fitting into sockets in castings at iheir heads and l^eet. 
The driving rams are made m sections which uie bolted together. In the 
smaller machines the weiglit of the rum ma\ tlnis he made from 100 to 200 
^iinds, and. in the larger machines, from 100 to 2,000 pounds, as required. 
Boring^ can he made to depths of 100 to 400 feet. '1 hese machines have been 
extensively used in Nicaragua by the isthmian Canui C'ommisHiou, if desired, 
the machines can be furnished with special tools for iMiring in rock and for 
Viking out solid cores (as with the diamond dnil), with others for taking out 
dry cores in earth, and with sand-pumps and mud sockets for bringing up mud, 
tine sand, gravel, and detached pieces of rock and minerals. 


*In Alaska, where the frost extends to great depths, boiling or hot water is 
used. This is obtained by melting ice or snow In iron tanks about 4 ft square 
and 2 ft deep. 
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Art. 1. HI acliine Rock-drill«i bore much more rapidly than hand drills, 
and more economically, providiMi the work ie so ureat as to justity the preliminary 
outfit. They drill in any direction, and can often he used in boiiu}: holes so located 
that they could not be bored by hand. They are worked either by steam directly; 
or by air, compressed by steam or water power into a tank called a “ receiver,” and 
thence led to the drills through Iron pipes. The air is best for tunnels and shafts, 
because, alter leaving the drills, it aids ventilation. 

Art. 2. Such drills are of two kinds : rotatinfp drillii and 
percliNHion drills. In the former, the drill-rud is a lung tube, revolviug about 
itei axis. The end ot this tube, hardened so as to form an annular cutting-edge, is 
kept in contact with the rock, and, by its rotation, cuts in it a cyliudrical hole, gen* 
erally with a solid core in the center. The coie occupies ♦he core-barrel. Art & 
The drill-rod is fed forward, or into the hole, as the dulling proceeds. The debris ^ 
is removed from the hole by a constant stream of water, which is led to the bottom \ 
of the hole through the hollow drill-rod, and which carries the debris up through 
the narrow space lad ween the outside of the drill-rod and the sides of the hole. 

In pereiiHHion drillH, the drill-rod is solid, and its action is that of the 
churn drill. 

•Art. 3. Ill the Brandt (European) rotary drill, the ciitiing edge at the 
end ot the tubular diill-rud is armed with hardened steel tetdii. It is pressed agaiust 
the lock under enormous hydraulic pressure, and makes but liom 5 to 8 revolutions 
per minute. 

Art. 4. The Diamond drill is the only form of lotary rock-diill extern 
Avely used in America, ln.it, the hotiiig-iod consists of a nuinlier of tubes jointed 
rigidly togetiier at their ends by hollow tntenor sleeves. 

Art. S. The horinir-hitit Fig 1, is called a *‘core-hit.” Its cutting-edge 
has imbedded in it a uuniber oi diamonds as show'u. Tliese are so arranged as 
to project slightly from both its inner and outer edges. Annular spaces are thus 
left between core and core-barrel, and between the latter and the walls of the hole 
These spaces permit die ingress ami egtess of the w.nec n^e(i in lemoving the debris 
I'roni the hole, and, at the sunie Uuie, prevent the coie tioin binding m the barrel. or 
the latter in the hole. 





Ark 6. Just above the ‘’core-bit,” the “core* lifter," Fig 2, is screwed to 
^ barrel. Thii la a tabe about I ina long and of the aame ontor diam thi 
barrel, inslite it k slightly coned, with the base of the cone upwarA and hv 
nished with a loose split-ring, R, toothed Inside, and similarly coned. While the 
drilling is going on, this ring jnciides the core closely, and remains loose from the 
out^r cylinder; but when the drilling is stopped, and the drill -rod begins to 
raised, the ring is caught and raised by the outer cylinder: and, by reason of its 
beveled shape, is pressed hard against the core of rock, which is pulled apart close 
to Its foot by the power which lifts the drill-rod. 

Art. 7. This power is Riipplled by a ropc-drom. tasiened to the top of the 
frame Mriuli supports the drill and worked by the same rngrie wnich rotates the 
drill-rod. The rope from the drum passes tip to a pulley at me top of a derrick, 
•nd thence down to the upper end of the drill-rod. The considerable height of the 
derrtoll enablee ftcca 4N> to M feet of Um drill-rod to be r^nored in one nleoe. 

Ark !!• Above the *oore4lfler” Is the **eore*lMarrs»l.** Ikli ie a wroniAk 
IrontabefIroroStolOft long. ItleepteSto 

gnxirved.ddtiiide, to permit the nscent of the water and debris ttom the hole \ tadtti 
aometlmsaset with diamunde on Ite outmr tnrface, to prevent wear. The bit, IMm. 
sod barrel are of nnlfonn ooter diam, • little less than tlte diam the bola fbe 

enter dk» of the dritt-md snrias ftnn sbont iM kr S4nob barrel tP Im kr It 

todk hnmL 


46 
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Art. 9, Where It is ni>t desired to preserve the core lDta«'t, a boring:* 
head,’* Fig 3, may be used instead of the “coro-bit.” Fig 1. This is a solid bit 
(excej)t tliat it is perfora|?d with holes which allow the water to pass out from 
the drill-rod), and is aimed with diamonds, some of whirli project beyond its circum- 
tereuce. 

Art. 10. The dnil-rod rrvolvrN at a Mpord oi fiom ‘Jik* (o 400 revolutions 
per minute. The eiiftiiie, by which it is rotated, consists iisiiHlIy of two cjliii- 
ders, either fixed or oscillating, operated l»y steam or compressed air, and working 
at right angles to each otliei. By means ^ crnnks they turn a shaft, which com- 
municates Its motion, througli bevel gearing, to tho drill-rod. The latter is fed 
down, as the hole progresses, either by other bevel g^earlnK driven by the 
same engine ; or by being attached to a rrosx-heail wlm h connects the piston rods of 
2 hydraulic eylindt^r**, the piston lotls being parallel with the dull rod. 

Art. 11. The diamond drill boies perfectly eireiilar holcN, in Htrai^ht 
linen and in any direction, to grreat depths; fiom 3iK) to i.'iooieet 
being not uncommon. This, with tho tact that it brin|^ np unbroken 
cores, from 8 to Iti it long, which show the precise nature and stratification of the 
rock penetrated, tenders it ver\ valuable in tcst-boiing, prospecting of mines. &i 
They are also furnished of sufficient size to bore holes from 6 to If) ins diain, lor 
artesian wells. The roundness of the holes bored enables the use of casing of 
nearly as great diam as that of the hole; and their straightness is advantageous in 
case a pump has to he usimI. 

Ari. 13. lu soft rock a bit may drill through 200 ft or more without resetting 
On the other hand, m very hard rucks, similar drills will wear out id 10 ft ur less. 
Id 1883-4. a diamond drill by the An*n Dhunond Rock Boring 0>, weighing com- 
|dete about 1400 lbs. and costing atiout $28(H>, imred, in 1428 hours of actual boring, 
63 holes of 2 Ins diani, and aggiegating 9141 lineal ft. Average length of hole 172,8 
ft. Averagre rate, 64 lin ft pci hour; greatest, 12 8. Average total cost, 
ibout 96 cts i>«r lin ft. The rock was pi inclpally limestone, with some ijuartz and 
sandstone The holes were bored at angles varying Irom 0° to 4.‘j‘^ with tlie vertical 

As a rough avemge we may say that in or«1inary rocks, as granite, limc' 
stone, and haid sandstone, these drill.i will boredee]i holes,2 to 3 ins diain.at from 
I to 2 ft per hour, and at a cost ol from to lS2 per It. 

Art. 12. These drills aie made of many widel> <llf1erent sizes, and with 
dillbrent mOllntill^s. depending upon the nature of the woik to be done. 

They are sold under re-strictlons as to the location and extent of the territory 
in which they are to be used. The prices depend, to a great extent, u|K)n the 
nature of these restrictions. The card prices for some of the leadiug sites, are 
as follows : Discount, see price list. 


Diam 

of 

holt. 

Diam 

of 

core. 

Depth 

of 

hole. 

Boiler 

H. F. 
required. 

Card price. 

Drill. 

Pump 

Ins. 

Ins. 

Feet. 

H. P. 

8 

$ 

2A 

2 

4000 ' 

25 

4fK)0 




1500 

15 

2.1(8) 

3400 


1000 

, 12 to 15 

19(K» 

2800 


1 

600 

1 10 

, 1400 

1900 



400 

1 band j 

42.') 



Art. 14* In percasaion drillinur niaehines, the drill-bar la driven 
forcibly against the rock by the pressure of steam or of compressed 
air, acting upon a piston, P, Fig 4, moving in a cylinder, CC, Figs 4 and 5; and 
makes about -300 strokes per minute. The rotation I’f the dnll-liar is accomplished 
automatk^lly, as explained in Art 27. 

Art* 15. The cylinder. CC, is free to slide longitudinally in the fixed 
frame or shell, 8 S, Fig 5, to which it is attached, and which, in turn, is fixed to the 
tripod or other stand (see Arts 18 and 19) upon which tho machine is supported. 

Art. 16, The drill-rod. K, corresponding to the churn drill. is 

fastened, by an appropriate chuck, K, to the end of the piston-rod, 0. 1'he drilling 
is begun with a short drill-rod, and with the cylinder os far from the hole as the 
length of the shell, B, will permit. As the bit penetrates the rock, the cylinder is 
fed forward,* either autnrnatii ally or hy hand (see Art 28), as far as the length of 


* Bv forward, or dewnward* we niesB toward Urn hols which U bsinc drilM. B> badu 
waid. or wawafd. /ro« tbo !»»«■ 
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ttie Hhcll pt riiiit't. The drilling' it then stepped, by shuttuig off the Bteanij^ and thi 
cylinder is run back, by reverhing the motion of the feeding apparatUH. The short 
drill-i)ur iH then removed, and, if the drilling is to bo continued, a longer one is sub* 
•titiited III its place, and the process repeated. 

Art. 17. Inasmuch as the a< t of di illing weais the edges of the bit, thus reduc* 
ing its diam somewliat, the hole will ot* eourMe be taperinjf^, or of 
slightly less diatn at hottoui than at top. Tlie setoiid lut must therelore he of 
slightly less dIam than tlie hrst; say fioiii ^ to % inch less; the third must be less 
than the second, ami so on. On the other hand, in lung lioles, the drill'bar will 
xeldum be in a juMtectly straight line, so that tiie bit, instead ut striking always in 
tie- same spot, wilt describe a circle, and thus enlarge the hole. 

Art. IH. The shell, S, lu which the cylinder slides, is pro\ ided with an arrange- 
ment by whicli It may be clamped, either to a tri|>ocl, lus in Fig 5, or to a long 
bwr or ooltiinii^ along which it may slide. The coliimu, if hor, may rest upon 
two pairs of legs; or it may lie biaced, in any position, against the opposite sides ot 
a narrow cut, or against the floor and ceiling of a tnuiiel-headiiig, &c, in which case 
one of Its ends is provided with a screw which is run out so as to cause the tw:> ends 
of the col to prt'Ks firmly against the opposite nu-k walls; or rather against wooden 
blocks which are always placed between eiu’h end of the col and the rock. In any 
case, the supports of tiie drill are so jointed that it can liore in any direction. 

Art. 19. Fiequently th i drill is elaiiipcd tu a Hhort arm, which, in 
turn, IB clamiied tu the column, and piojects at right angles truui it. The arm may 
be slid lengthwise of the eolntnn, ami may lie levolved around it. and thus may be 
placed 111 any desired position, and there clamped. This gives the diilla greater 
range of motion, and enables it to boro hole> over a greater upac® than would other 
wise be possible w-uhoiit moving the coinmti. 

Art. 20. In tunnels, one or more drills may I>e mounted upon a drill-car* 
riaft^C, travelling upon a railroad track ruiiniiig iungitudinatly of the tunueL 
Upon this track the carnage is moved up to the work, or run back f'oin it when a 
blast 18 to be fired Tlie gauge of the track may be made wide enough to admit of 
a second track, of iiaiiower gauge, niiming underneath the drill-ca. riage. Upon 
Said nai rower track tlie cars are run which carry away the debris. Drill-carnages 
are less commonlv used In this country than in Europe. 

Art. 21. The preMHiire iiineil in the cylinders of percussion drills is 
usually from ationt i'>0 to 70 lbs per sq inch. In ail hour, one will drill 
a hole from 1 to 2 ins diam, and from 3 to 10 ft deep, depending on the character of 
the (ock and the size of the machino at from 10 to 25 cts per lln ft with labc ; at 
$l per day. A bit requires sharpenliiiir about every 2 to 4 ft deiVji of 
bole. One blacksmith and helper can sharpen drills for 5 or 6 machines. 

Art. 22. The bits are of man.y iliffeient shapes, varying with 
the nature of tlio work to be done. For uiiilonn hard rock, the Int has two cutting- 
tfdgeri, forniirig a cross with equal arms ut tight angles to each other. For seamy 
rock, the arms of tlic cross are equal, but fonii two acute and two obtuse angles with 
each other, as in the letter X. For soft rock, the cutungiHlge sometimes has the 
shape of the letter Z. 

Art. 2.’{. Each drill rrqnirrs one man to operate it. Two or three men 
are required fm moving the hwiMcr sizes from place to jilaee. One man can attend 
to a small air-compressor and its boiler. 

Art* 24. Figs 4 and 5 represeut the *• Eclipse ” percussion drill of the Inger- 
soll-Sergeaiit Drill C!o, Haveniever Building, New York Fig 6 shows the drill, 
mounted (as is most tieqiiently the c.aHe) n|H>n a tripod. Fig 4 is a lougitudiDal sec- 
tion through the cylinder, valVo-chest. and piston. 

Art* 25. The cylinder, C, is provided at each end with a rnbbcr cnsliion. 
N, for deadening the blows of the piston, winch, in all perciissiun drills, is liable, at 
times, to stiike either cylinder-head. The side ot each cushion nearest the piston is 
protected by a thin iron plate. The cushions have to be renewed from time to time. 

Art. 26. Tbe waive, V, is shaped soinewhat like a spool. The Imlt, B, 
passes loosely through its center and gttides it. Steam is admitted from the boiler 
to the steam-chest, and occupies all of the space between the tw'o end flanges of the 
valve, except u. It drives the valve alternately from one end of the valve-chest to 
the other, and back, according as one end or the other is relieved from opposing 
pressure by being put into communication witli the exhaust, by way of the pa» 
sagos, D IF and F F'. D and D' communicate with the ends of the steam-chest 
through passages nut shown; while F and F' communicate, through similar pas* 
eaim, with the exhaust, K. Th«' piston has an annular channel, L 1/, encircling it. 
IFhatever the position of the piston, one of the passages, D or D', is always, by meani 
of this channel. In commnnicution with its corresponding passage, F or F', leading 

repMitloM, we Wiu on the word oteam lo ilgBify mthnr ifrnm nr riwif reiMii~ob 
Wiobixi ht ppm i 10 bo mod* 
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to th* ezliMit Thai, one or the other end of the vilve-cheit Is olwayi in com 
muiicatioo with the open air; and to that end the valve is driven by tlie prei of 
the Bteaoi surrounding it, admitting stoam to the cyt, C, from tbe other eud. 

Art. 27. The rotation of the piston, and, with it, that of the drill* 
bar, ifl effected thus; The spiiully'grooved, cyiindrieai steei bar. A, called a rifle* 
bar, passea through and works in, the rlfle*ntlt, il, which is firmly fixed iu 
the end of the piston, and has spiral grooves corresfHjnding with those on the rifle* 
bar. Said bar is fixed, at its upper end, to the ratchet-wheel, J, the pawls of which 
are so arranged that, on the dotcn stroke of the piston, the nfle-nut, H, acting upon 
the groove! on the rifle-bar, cauies it, and, with it, the ratchet-wheel, to revolve 
about their common axis. The weiglit and mo- 
mentum of the piston, tfi, are such that it thus 
readily turns the ratehet-wheel without itself 
tiiniing. Thus the bit is prevented from rotating 
while delivering its blow, lint, on the tip stroke, 
the tendency of the rifie-nut is to turn the rifle 
bar and ratchet-wheel in the opposiU direction 
ami as this is prevented by the i>awls, the rifie 
bar remains stationary^ a liile the piston, ptstott' 
rod, and drill are wndf. to revolve about their 
cominun axis. 

Art. 28. The feed-acrcw, M, is col- 
lared, at Its upper end, to the fixed fiiitne, Q. It 
is thus pi evented Ituiii moving longitudinally 
alien revolved by means ol the crank fixed to its 
top. Its lower end works in a nut, T, fixed to the 
cylinder, which last is thus moved lungitudiuaily 
backward or forward as tlie crank is turuedL 


IB'iis. 5. 




Uaegb drills are frequently ftimished with an attiomuHc feedlnr arrange* 
liieBt In addition to the hand-crank. In this arraugemeut, when the cylinder 

m0im tosding tonrard, and when, conseqneuUy, tbe piston is runuing nearly to 
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the forward limit of its stroke, the piston presses against a cam projecting into ths 
eyi near the forward end, and presenting an inclined plane to it. The motion oi 
this cam, hy means of an exterior axle, running alongside of the cyl and lurnisbed 
at its top witli a dog, turns a ratchet-wheel fixed to the feed-screw. When desired, 
the automatic feed may he thrown out of gear, and the feed moved hy hand. 

Art. 29. The trlpcMl leg^ consist of wrought-iron tubes, W W. These are 
Bcreweil at their upper ends into sockets, X X. At their lower ends, they receive 
the pointed and tapering steel bars, Y Y, about ‘Jor 3 ft long. The legs maybe 
lengthened or shortened hy turning the set-screws, Z Z,tluiB regulating the distance 
to which the bars, Y Y, can enter the legs. The clamps, b b, have L-shaped hooks 
of inch to 1 incli round iron forged to them. On these hooks the weisfhts, 
d d, are hung, which hold the machine down against the upward reaction of its 
blows. 

Art. 30. The following table gives the principal dimensions of these 
drills, with the diaiiis and leiiicths of holes to which each is adapted. 
Size 11 IS used for suhiuariue work, heavy tunneling, and deep rock cutting. G 
ami F for tunneling, street grading, quarrying, and sewer work. E, D, and C 
fur general mining purposes. B is adapted only for very light work. In asking 
for estimate.s on drills and compressors, give the fullest possible description | 
(accompanied hy a sketch) of the work to lie done, stating its present and pro- i 
^sed extent. iState whether the work is on the surface or underground. State * 
now far the steam or compressed air will be carried. Give depth of holes to be 
drilled, nature of rock, Ac. Percussion drills are sold without restriction as to 
^e purpose or extent to which they are to l>e used. 


Letter designating the size of the machine. 




B 

c 

B 

E 

r 

G 

H 

Inner diameter of 
cylinder ins. 

m 



594 

8 




9 

Length of full 









stroke ” 


3 


4 

5 

6 

6 


7 

7 

Length of feed ” 
Length of 
machine* ” 


12 


20 

24 

24 

24 

26 

84 

84 


86 


84 

86 

40 

42 

53 

60 

60 

Wtof machine, 











unmounted, lbs. 


80 


155 

195 

230 

2o0 

845 

605 

670 

Wtof tripod, 



1 








without wts. ” 
Wtof 8 wts for 


X - 


125 

125 

125 

1 

125 

150 

276 

275 

tripod legs, ** 
Wtof column, 



250 

250 

250 

250 

350 




arm A clamp'* J 



1 


280 

280 

280 


420 

420 

Diam of hole 













%toiyi 

1 to 2 

lto2 

1 to 2 

lj^to2>i 

2 to 4 

3to6 

Max depth of 









vertf hole. ft. 

X 


4 

1 8 

! 10 

i 12 

16 

m 

40 


* From top of handle of feed-crank to lower end of piston at the end of the 
down stroke. 

t For greatest advisaiile IgtU of hor holes, deduct one-fourth from these depths. 

i Macliiue A is mounted on a small frame. 

Art. 31. The drills of dlflTerent makers difibr ehlefly in the 

methods by which the valve is operated. In some this is done, as iu the Ingersoll 
** Eclipse*’ drill, Art 26, bv the pres of steam. In others, the vklve is moved 
by a lever or tappet, whiiih projects into the cylinder so as to come into 
contact with, and be moved by, the piston at each stroke. As these strokes are 
made with great force some 300 or more times per minute, such valve-gear is 
necessarily subject to great wear. 

Art. 32. Id the Little Giant Brill.** made by the Band BrlU 
€7o.« the valve, V, Fig 6, is slid backward and forward, iu the same direction In 
which the piston is moving, by the tappet, T, which is pivoted at p. The 
Inclined lower corners of this tappet ride up as they come, alternately, in contact 
with the shoulders, s $, of tlie piston. 

Art. 88. In the ** Economiser** and the **flln|rver** (Rand Dril* 
Co.) the valve, as in the Ingersoll “ Eclipse” drill, is moved 07 steam, hqt apoa 
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I quite different prinpiple. In these Iwo drills, there is nostcani cushion for the 
siston t(» strike against on the down stioke, the force of wliieh is thus more 
jouildetely expended upon the r<)ck. Tlieeushicm behind or above tlie piston. 
)U the return stroke, is formed by exhaust steam. Hotli of these diills eut off 
iteam belorc the completion of either stroke, thus using the steam expansively. 
Jn the down stroke, the " Keonomizer ” cuts oil’ earlier than the “.shiggei.’ 
deuce its name. lu Itoth machines 
he point of cut-otl is fixed when 
he machine is made. 

Art. 34. In the improved 
Burleigh drill, the valve, V, 
n'g 7, IS moved by two tajipets, 
r T', which aie alternately sliiiek 
ly the ends of the piston, 1‘. 

Art. 33. In the “Dynamic” 

■ock-drill, invented by Prof 
l^olNon Woo<i, the valve is 
ittaehcd to a valvis-piston, V, Fig 
1, which is moved backward and 
orward by steam, which is ad- 
oitted so as to act alternately 
ipon its two ends. The admission rljf. o. 

'f this steam is controlled by a small auxiliary valve, a. A hub on the back ol 
he atixiliary valve fits hi the spiral gioove show ii on the idng, v. This plug is 
onstantly pressed dow nwjiid (as the 
^ig stands) by steam pressing upon 
ts upper shoulder, hut it is lifted at 
ach forward stroke by the conical 
urface of the piston, 1', pressing 
gainst its foot. It thus moves con- 
tanlly up aud down, cun yiiig the 
ahe, a, with it. I$y tiiniiiig the 
ilug, n, by means of the adjusiing- 
tetn,4,the bub of the valve is made to 
ccupy a higlieror lower iKiint in the 
piral groove, and thus the stroke of 
he piston may lie varied, or may he 
onnned to any pan of the cylinder. 

In this drill, unlike the Ingersoll, Art. 27, thepiMton rotate while making 





Fi^r. 8. 


hedefwtmard stroke. Thr pinton-rod, o, is made llfchtrr iliait In 
f ®*^^*l*» 'I his gives a greater surface under the piston for the pressure 
if the steam on the up stroke, and, conscQuontly, greater lifting power. This 
s useful when the drill slieks in the hob*. 

The tripod lofpt are of bar iron. Their length is adjustable. 
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Art. 36. The Pierce hand roch-drm is a percussion drill 
wujked a urank whidi turns a disc about ‘2 it in diani. The disc has a 8enu>circulHr 
slut, in whu'h >\orks thcurni wtiicli raises the tlnll-rud. This arm, in rising, uumpresses 
a coil-spring, which, un ttiu down stiuke, diives the drill ugHinst the rock. An iruu 
ball, weighing 30' U»8 or moie, is furnished with each inachiue. This ball maybe 
screwed to the top of the dnll-rod, for giving greater iorce to the blows of the drill. 
The bail ni.iy be used without tiie spring, by disengaging the latter. 

The drill makes about 4u strokes ot )0 or VI ma per iniuute; and borea holes from 
to 2}/^ ina diam. It can be arranged to drill to depths ot 30 it and over. For 
ahnrpening tlie bits, it has an emerj wheel attached, which is turned by the crank. 
The latter, at auch tunes, is thrown out of gear with tlie diac. 

The drill Is mounted on a rectangular two-legged frame, about 5 ft high 
by 2 ft wide, made of iron tubes. To the top of this frame a third leg is attached, 
by adjusting which the angle ol the drill-rod with the veil may be changed. Like 
other per urskhi drills worked by band-power, this one ceases to work to advantage 
when said angle exceeds about 45°. 


Art. 37. ('hannelinnf consists in making long, deep, and imrruw cuts in < 
the rock. In this way large blocks can be gotten out without blasting and the con- 1 
sequent danger of fracture. This js ordiiiurily done by boring a row of holes about 
an inch apart in the clear, and then breaking down tbe iutennodi.ite spaces by 
nu'ans of u blunt tool, called a broaoh. This is culled broach cbaiincllllg* 
For this purpose a steam dnihiig niaLliiue is uionnted upon a bor bar resting upon 
two pairs ol legs. The hor liar Is placed over the intended row of holes, and the 
drill IS slid along upon it from one hole to the next. In using the broat/gthe rotat- 
ing uiijitiiaius IS thrown outol gear, so that the edge of the bioach maintains its 
position in line with the row of holes 

Art. 3H. The SauiiUcrH patent channelliiip machine, of the 

Ingersoll Co, consists of a rock-diilling machine, having, in place of the usual drill* 
ing-bit, a gang of tools consisting of a nuinlwr of chisels, clamped together side by 
side, and thus tunning a cutting tool about 7 ins long by % inch wide. This tooi 
has us many cntting-edges (each os long as the tool is wide) as there are chisels. 
The macliine is suppoited upon a carriage, moving on a tiack parallel with the 
channel to be cut. The tool is of course not rotated; but the rifle-bar, A, Fig 4, is 
eniployeii to move tiie cai riage along tlie track about an inch after each blow. The 
carnage remains stutionaiy while a liluw is being struck. Under favorable circum- 
stances thitt machine liaa Ciil trom 80 to UX) si} it of channel per day of tea 
hours. Its weitcht. including carnage, is about 5b<.H) lbs. 

A valve is provided, by which, if desired, the ateam may beatiut olT from 
the piston on the dow n stroke, so that said stroke may be maae with only the weight 
of the piston, rod, and drill. 

Art. 30, The Ingersoll Co have a special appliance, designed by Mr. W. L 
Saunders, C K, tor driiiiii|p and blaatinir rocka under water, even 

when they are covered by a considerable depth of mud. 

Art. 40. Air conipreasora for rock-drills, as made and used in.this coun- 
try, arc mostly hor, direct-acting eiigines. That is, the axes ot the steam- and air- 
cjlinders are bor; and the piston-rod passes directly from the steam-cylinder into 
the air-cylimler. A fly-whoel is attached, by a crank and connecting-rod, to the 
pistou-rod. Sometimes tbe steani-engioe is separate from the compressor, and the 
power is conveyed to the latter by belts or gearing; or water-power may be used jin 
tbe b.inie way. The air is forced into a receiver, which Is generally a plate-iron 
cylinder, 3 or 4 ft in diain, and 5 to 12 ft long. 

If tho air- or pumping-cylinder of the compressor is so arranged as to take in ait 
on one stroke only, and Iorce it out into the receiver uiion the return stroke, it il 
“siMpfle-HCtinic,” If, at each stroke, it both takes in and forces out air, it i» 
If the compressor has only one air-cylmder, it la ^^Hin* 
Hle.” It It hub two, and thus practically consists of two single compressors, it U 
“dluplex.” 

The valves* may bo either poppet ’* valves, held in place by springs, and 
operated by the pressure of the afr itself; or Hllde valves, operated by (ccentrics 
and rods, as in steam-engines. 

Tho compression of the air develops heat. This is removed either by causing 
cold water to circulate through the air-piston, and through jackets surrounding tbs 
air-cylinder; or by injecting it into the air-cylinder in the form of spray. Or both 
methods may bo used togetlier. 
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Art. 41. The following partial list, of Clayton compressors, compiled from 
data given by the makers, snows (he dIntciisionM and performance ot 
each. We give ahso a list of their receivers. 


CLAYTON UOIJBLE-ACTING AIR-C09fPRE(9S0RS. Partial List, 




Number, designating the sue 




of the niachiue. 




1 


4 

7 

Duplex Dlrect-actliifE'* Compressors. 

• 




Diam of sletUD-cylinders 


8 

10 

U 

18 

“ air “ 

ins. 

8 

10 

14 

18 

Length of stroke 


12 

13 

15 

24 



fl 20 

100 

100 

80 

Number of revohitious per miuuto 



\ to 

to 

to 

to 



U-io 

ISO 

120 

90 

Cub ft of free air compressed per minute ... 

Actual, i 

136 

210 

,438 

900 

Approximate \vt ot compressor 


3000 

7000 

16000 

26000 

Approx number of rock-diills with 3-inch cyls sup- j 





plied with air at 60 to 8 U ibn pti ><4 lUch.. 


2 

4 

8 

18 

Single Direct-acting* Compressors. | 

' 1 

1 S 




Diam of steam-cyhuder 



10 

14 

18 

“ air ** 


1 9 

10 

14 

18 

Leugth of stroke 


12 

13 

15 

24 



(120 

100 

100 

80 

Number of revolutioua per minute 




to 

to 

to 



il40 

130 

120 

90 

Cub ft of free air compressed per minuie.~. 

.... Aitiml. 

6 H 

106 1 

219 

460 

Approx wt of compressor 


1650 

3X60 1 

8250 

13760 

Approx number of rock-dnlls with d-iuch cyls suji- 


1 



plied with air at CO to 8 U lbs pei sq inch.. 

1 

1 


4 

9 


* The price of a oompressor alone, to be worked by a separate Hteam-englne or water-power I* i» 
eourie lees than that of the above compressor and enginr coubiued. 


Alr-Recclversi vertical and horizontal. 


Diameter I 

Inchea. ' 

1 

Length, 
?e«t. 1 

Approximate 
weight, Iba. 

Diameter, 

Inchea. 

Length, I 
Feel. 

Apiiroxiroate 
wi'lght, Bia. 

1 

83 

^ 1 

1 700 

40 

8 

1671 

30 

7 1 

[ 890 

40 

10 

190U 

36 

8 1 

1660 

40 

11 i 

2000 

40 

6 j 

1600 

40 

12 

2100 


The Air-Reoeiren hare brass-face pressare-gauge, glan water-gauge, lafety-Talrc^ 
Uow-oir valTe, try-cocks, flanges and connecUons to automatic fe^ on compressor. 
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TriiC'ilon on common roaclH, and canals; or tho power reqd to draw 
VI 'lirleR and boats alongr them. 

The foiuiwiiig table Hhowa tolerable approximationn to tbc force in tbn per ton, reqd to drav a stage 
coach and paNneutterH, up ascents on the Holyheiul turnpike road iii Kuglund, (a fine road,) by horses, 
as asoertuiued by means of a dynamometer The entire weight was tons, but in the table, the 
results are given per single ton. From the nature of such cases, no great accuracy is attainable. 


i‘ro]<orlu)Uul 

Ascent. 

Ascent in Ft. 
IHjr Milt- 

At 4 Miles 
per Hour. 

At 6 Miles 
|ier Hour. 

At B Miles 
per Hour. 

At 1C Miles 
per Hour. 



Lbs. 

Lbs 

Lbs. 

Lbs. 

lln 15h 

310 7 

210 

216 

225 

240 

1 " 20 

264 

196 

202 

212 

229 

1 " 26 

2ai 1 

Ifi.'V 

160 

166 

176 

1 " 30 

176. 

137 

142 

147 

1.64 

1 " 40 

132. ' 

114 

120 

124 

130 

1 •* (it 

82 .) 

109 

llfi 

120 

126 

1 " 118 

44 7 

102 

107 

113 

120 

1 •• 1.18 

.38 3 

99 

103 

109 

117 

1 lofi 

33 » 

98 

101 

106 

112 

1 " 2l.'i 

21 6 

93 

96 

101 

107 

1 ■ (.00 


81 

h.'i 

91 

96 

Level 

0 

76 

80 

K5 

91 


The lollowing results most of them with the same instrument, are also in lbs per ion , with a four- 
wheeled WBgon, iit B -low piicf. on a level, and the roads in lair condition. 

On a cubical block ptisemeiil 32 lb* per ten. ....... ...to W. 

•• .Mctdaui road, of hniiill broken stone 62 ^ probably to 76. 

“ gravel road “ “ * , 

Telford rood, of small stone on a paving of spnwl* 46" " " _ T.i. 

" broken stone on a iH’d of cement concrete " ‘‘ l ‘ t 

“ coramoii eartli roads 2tX> to .iOO. On a plank road to 50 lbs 

The Iraellve power of a home dimliil«he** as hl» speed In- 

t and iii'rliaiiM, witliiii certain IiniitB. Bay Iroui ')'4 to lour miles per liour, 
nearly In Inverse proportion to It Thus, the average traction id n horse, on a Uvf.1, and actuallj 
pulling for 10 hours in the day, may be assumed approxiniateli as follovis 

Miles per hour. Lbs. Traction. Mile* per hour. Lbs. Traction. 

sf S-TT :w 'iH 111-11 

1 2.'»0. 2^1 100- 

Ik 200. 2H W.91 

m 16666 * fS.5» 

IS. 142.88 8S, 71.48 

2 .... I2u. ♦ W-W 

If he works for a smaller number of bours. his traction mav increase as the hOTrs diminish ; down 
to about 6 J»our» per <1av and for of about from to 3 niUeH piT hours Thu8» for d hour* Mr 

dsT his traction at 2S mile'* f^r hour will be 200 lb*. Ac. When ascending a hill, his po wer diinin 
Islie* so rapidly, from hsiing pHrtbillv to raise his own weight, (which averages shout 1000 to 1100 
lbs.) that up a slope of 5 to 1 . he can liaiely struggle along without any load. On such an awoL 
' he must exert a force equal to 4.19 lbs per ton. or of 196 lbs for 

the 1000 lbs of hi* own weight. Assuming that on a level piece of good turnpike, he would when haul- 
ing a cart and load, together weighing 1 ton. have to exert a traction of 60 tbs; then on ascending a 
hill of 4° Inollnatlon, (or 1 Jn 14 3 ; or 369>4 ft per mile,) be would have to exert 166 lbs. sgalnst thf 
gravltv of the 1 ton : and 67 lbs, agaluHt that of his own weight , or 223 lb* In all. He may, for a few 
nitns exert without injury, about twice hi* regular traction. This calculation shows that up a bill 
of 4'’! an average horse is fully tasked in drawing a total load of one ton ; and should, therefore, 
allowed In such a case, to ohooie his own gait; and to rest at short intervals. A fair load for a single 
horse with a cart, at a variable walking pace, working 10 hours per day, on a oommon undulating 
roiid in good order. Is about half a ton. in addition to the cart, which will be about half a ton more. 
With two horses to this same cart, the food alone may be about 114 tons. 

Rem, Since the action of gravity is tho same on good roads and bad ones, it fbtlowg that 

niMidtTitA become more objooflonnblo tho bottor tbo roiMi 

Thus, on an asoeut of 2^, or 184.4 ft. per mile, gravity alone requires a traetion of 78 lbs per tea ' 
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which i'< aliout 10 times that on a icvel railroad at 6 miles an hour , but only about equal to that on a 
level cuinmon turnpike road, at the aanie speed. Theretore, (to apeak somewhat at mudcm,) it would 
require 10 kwomotivea instead of 1 , but only 2 horses iusieud ol I A grmle of I in .!.) . or 150 ft to a 
mile; or P ;W', is about the*ieepest that peimits horses to be dmeii down a haid smooth road, in a 
fast trot, without danger. It should, theretoie, not be eaueedi-d etuept when absolutely necessary, 
especially on turnpikes. 

On caiialH and other waters, the liquid is the resisting inediiun that 

takes tlie place of friction on let el ro ids. But unlike ftiutiuu it-* resistance vai les as tbe squares ot 
the vels ; at least fioiu tlie \el of I ft per sec, or 1 .ibl miles per hour; U 

that of 1 1 ft per see, or 7 St ni per h. As tbe spml falls lielow J m per h, the resistance vanes less 
and less lapidly ; and tins is tbe case wheihei the moved body lloats partly above tbe surface ; or is 
eiitirelv immersed. In loiving along stagnant canals, Ac, the \il is usually from 1 to m per h, 
for freight most frequently Irom 1 H to 2. Less foiee is requited to low a boat at sav 'l m per h, wheie 
there is no current, than at say 1*4 in per h, against a cuireiit ot *4 m per h, besjausc 111 the last case 
tbe tmut has to lie lifted up the very gradual iiicliiied plane or slope# hieb jiroduces the current. 

Tbe force required to tow a boat along a canal depends greatly upon the comparative trausicrse 
sectional areas of the cli.innel, and of the itiinicrsed portion of the boat. When tlic width of u caiitil 
at water-line is at least 4 times itiiitof the boat; atnl the area of its transverse section as gi tat as at lea- 1 
times that of the immened liiiusterse seriion of the boat, thetowingat usual eitiiul vels will be 
about as easy as lu wider and deeper water. With less dimensions, it becomes more dilliciilt. (O'Au- 
buisson. ) Much also depends on the shape of the bow and other parts of the boat ; and on the propor- 
tion of Its length to its breadth and depth. Hence it Is seen that the mere weight of the load is by no 
means so controlling an element as it is on land The whole subject, however, is too intricate to be 
treated of here, .vlorln states that iiav.U constructors ehiuiiute the resistance to siiiling and steam 
vessels at sea, at but from ahoiii 5 to 7 of a ft lor ev ery sq ft of Immeised tiansverse section, when 
(be vel is 3 ft ■per seo, or 2.04b miles per hour. It is far greater on canals 

On the Schuylkill Naviipatlon of Pennsylvania, of mixed nmnl 

and slack water, tor 108 miles, the regular load for 3 horses or mules, a bo it of very inll build; and ns 
keel; 100 ft long, 17"^ ft beam ; and 8ft depth of hold, drawing .'i's,i ft when loaded Weight of boat 
about 65 tons, load 175 tons of coal. (2210 fts.) total weight ‘240 tons, or W) tons per horse or muh'. 
On tbe down trip with the loaded laiau, for 4 dav «, the aniniiils arc at work, arhifilh/ tn ' imi, (escepl 
at the locks,) for 18 hours out of the 24) thus evoeedtug by far the limits of time usuallv allowed for 
continuous effort. 

iJti the canal sections, (which have 60 ft water-line ; and 6 ft depth,) the speed lsl»4 miles jicrbour.' 
lud oil the deep wide pools, 2 miles 

On the up trip with tt e emptv 65 ton boats, the overage speed Is about ‘2’i miles per hour. Tbe 
smpty boats draw 16 to is ms natrr, and frequently keep on without stopping to rest diiv or night 
(iirnugh the entire distaiK-e cT ids miles. The animals generally have ‘2 or .5 <iavs’ rest atcaeti eud of 
the trip , but are maUriallv determr iie<l at the end of the boating s<- is,.|i 
If our preceding assumption ol ltd lbs traction of a horse at 1^4 mlle.H per hour, is correct, the 

iractlon of the loaded boats on the canal sections Is ^ = 1 83 lbs per ton. 

80 tons ' 

The intelligent engineer and superintendent of the Sch Nav, .lames P Smith, gives as the results 
if his own exieualve observation, that one of these large boats loaded (240 tons in all) niav , without 
iistressiiig tbe animals, lie drawn along the canal geciioiis, for 10 houis )>er d i\, as follows* lir one 
iverage horse or mule, at the rate of 1 mile; hv two animals, at ibj wiles; and bv three, atUi miles 
ler hour. When four animals are used the gam of time is very trifling At a time of nviilrv among 
he iKiatmen, one of them used 8 horses . but with these could not exceed '2'^ miles per hour in the 
laiial portions. Two or more horses together cannot tor hours pull as much as when working sepa 
■aiely. 

If our preoediiig short table of the traction of a horse at diff vel- for 1(1 hours Is correct, then tht 
raction of the alaive loaded ennl boats (210 tons) on the cinsl sections of tbe mivigation Isas follows: 
The last column shows the trsction in fts per sq ft of area of iiiimei-ed transverse section where largest: 
Js, about i45 sq ft. 

Horses. Jlilei per Hour. Lbs. per Ton. Lbs. per 8q Ft. 

1 1 11® 1 04 2.6.1 

‘-i iMi i;w 

3 IS. »?« 


3 on pools 2 

8 .-‘i 


Ml .295 

'li 8 42 


•Tup trip 2'(| 4.nl ,2 50 

liAohinc Canal, Canada, 120 a wide at water-line; 80 ft at hotlom • depUi 

m mure mUI^ if rt , 6 humen tow lutided i»chooi»erM with ranc ^ 

Before the enlargement of the Erl<* «anal,t Its diniensm,,. were 40 ft waiei lum 2s ft bottom * 
I ft depth of water, i be overage weight of the Imats was alMiui .Ml tons. With 75 tons ol load or 106 
oas total, they were towed by 2 horses, at the rate of about 2 miles iwr hour . which bv our table wivaa 
i twiioii of nearly 2 4 fts per ton. The boau were about 80 ft long . 14 ft ^am . full (iw ft draught 
oaded ; heooe the traction by our table would tie about 5.7 fts per sq ft of immersed transverse sMt^. 


ILeogUiM miles; cost per mile. The enlarged canal has (0 ft; fix and f ft of watsr i 
md COM teoeoo per mile for tbs •nlargeroeot only. Tbs coat of ths aenrid — --t- ^ PaLuvlv^ 
las ranged betweea $33000 and $60000 per aiiJc. onaais la rsaosylvaaB 
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While, for 82-ton loaded boats on a 
i H niiloH, would be IbH per ton , 
lbs per sq ft of Immersed section. 


smaller canal, (the boats nearly touching bottom,) the fraction at 
or about twice as great as the above 1 .78 tts. It also would be 5.7 


ANIMAL POWER. 


Art. 1. So tiir . 1 - hot sch, this aubjet t lia‘( l.eeti partitill.t ootisiderod 

the preceding head. 1 ruLiiun All estimates on this sul.jeet must to a certoin extent be vague. 
i'«iug to the diff strengths and ^p.•ed- of auinmU of the same kind; as a ell as in the extent of their 
liamiliK to auv parliculi.r kind of woik. Auttionlies ou tlie subject difler wi^ly S-od sometimes 
euiicss ihenisi lves in alo-.^e manner that throws doubt on tbcir mcanuig. Me believe, bowevci 
lli.it the following will Irt! found to be as close approximation U. practical averages as the 
ihe clse admits of with our present imi*rtect knowledge. We 8up,K,he a good average trained horse 
weighing not less than about H a ton, well fed and treated Such a one, when actually walking for 
10 hours a day, at the rate of 2^ miles per hour, on a good level roiid. as the tow path of a canal, 
sr a circular horse path,* Can cxcrt a coutinnoiiH pull, drauglit, powcr, 

n*!e”|«r*hou' Is 220 ft r>er min, or 3% ft per sec ; and since 10 hours contain 600 min, 
bis day’s work of actual hauling on a level, at that speed, amouuU to 
mm ft lbf> 

600 X 220 X 100 = 13200000 ft lbs per day. 

^r, 22000 fl-lbs per min, or 366% ft-lbs per sec.t Which means that he MCrts 

dsv to lift 13 200 W)0 lbs 1 foot high ; or 1 .r200<H) lbs 10 feel high ; or l.tiOW lbs 100 ft high, Ac He may 
ev^rt this force cither in teaedon (hauling) or lu 1,/nni, loads If he has to raise » • 

gii-al height, the machinery through which he does it mii't he so g»’.i«*'l «« l" Vi.r^uJii a 

(Mimmonir hut improperly so expressed) of power Mhetlur be lifts the great weight throug a 
smiill heig^ht, or the small weight through a great height, he cxerU precisely the same amount of 
force or power. 

experience shows that within the limits of 5 and 10 hours per day, (the speed remaining the same, 

the driift of a horne ma.v l>c incrcawcd in about the name pro* 
porti4»n ns the time in dllllilllHlietl: so that when working from 6 to lOhonn 
per day, it will be alsmt us shown in the following lahle. Heiuv.the total amount of 13*200000 ft-1ba 
pel diiV miiy he accomplished, whether the horse is at work 5, 6, or B, Ac, hours per day.; This, of 
c.>ursc, supposes him to be actually Ufllog or hauling vM the time ; and makes no allowance for stop' 
pages for any purpose. 

Table of draft of a horse, at 2}4 miles per hoar, on a level. 

Uonrs per day. Lbs. Hours per day. Lbs. 

10 100 7 142^ 

9 111^ 6 166% 

8 125’ 5 200 

Experience also shows that at speeds between % and 4 
miles an honr, his foree or dranfi^ht will be inversely In pro* 

n rtion to his speed. Thus, at 2 niilcb an Jiour, tor Id hours of the day, his 

iglit will be 

miles milrs Ibe 
2 : 2% : : 100 : r25 draught 

At 1% miles, It would be 166% lbs ; at 3 miles, 83% lbs ; and at 4 miles, 62% lbs ; as per tabic in 
Traction 

Therefore, in this case also, the entire amount of his d;n s work remains the samc;^ and within 


* To pnahle a horm to work witli i-aHo in a circnlar horse-walk, its diai» 

should not be less than 2.) ft, 30 or .35 would bo >tlll better 

t A nominal horse-power is 32000 ft-lhs per miiinto; this bcin^ the rate 

assumed by ituuliou and Watt In selling their engines; so that purchasers wishing tc substitute 
steam for horses, should not ho disappointed. Their assumption can be carried ont by a very strong 
horse day after day for 8 or 10 hours; hut as the engine ciui work day and night for mouths without 
stopping, which a horse cannot, it d- plain that a oiie-borse engine can do much more work than any 
one such horse. Bence many objcv i to the term horse-power as applied to engines ; but slnoe every- 
body understands its plain meaning, and such a term is convenient, it is not in fact objeotionabie. 
Boulton and Watt meant that a oiie-liorse engine would at an; moment pertorm the work of a very 
strong horse. An average horse will do but 22000 ft-lbs per mtu. 

t It is plain that although the day’s labor will be the same, that of an hour, or of a min, will vary 
with the number of hours taken as a day’s work. It must he remomliered that a working day of a 
given number of hours, by no means implies, in every case, that number of hours of actual work; 
but Includes Intermissions and rests 

^ TIiIm remark about apCfKl will not apply to loads towed 
thronffh the water. Thus, if his draught at 2 niilog an hour Ihi 125 lbs ; and 
It 4 miles, 6‘2% lbs ; he will on land draw loads In these proportions ; but in hauling a boat through 
the water at the greater speed, he has to encounter the increased resistanoe of the water itself ; which 
nslstanoe at 4 miles is much more than twice as great as at 2 miles ; probably 4 times os great. 
Therefore, at 4 miles on a canal, his draught of 92% ms would not sufBoe for a load half as great ai 
ae eould tew with hia draft of 125 lbs at 2 miles. 
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•11 tbe foregoing limiti of hoars and speed, msj be preotioally Uken to be about 13200000 (t>fts pai 
dajr ; or 22000 ft-lhi per min of a day of 10 hours. But it does not follow that the horse can alwan 
In practioe aotualW hft Utadt at that rate , because generally a part of bis power Is expended in 
overcoming the frlctitm of the maohliiery which he puts in motion ; and moreover, the nature of tha 
work may require him to stop frcquentlv ; so that in a worktng day of 0 or 10 hours, the horse may 
not actually be at work more than 5, 6, or 7 hours. 

As a rough approximation, to allow for the waste of force in overcoming the friction of hoisting 
machlnerv, and the weight of the hoisting obaiiis, buckets, Ac, we may say that llie IlN^ful 

or pnyiiiii^ dally net work of a horMe. In bolMtlnij^ by a conh* 

UlOn Jj^ln. is about 10000000 ft-lbs. That is, he will raise equivalent to lUOOOOUU lbs net of 
water, or ore, &o, 1 foot. The load which he can raise at once, including chains, bucket, and an 
sllowanoe for friction, will be as much greater than his own direct force, as the diaiu of the horse 
walk is greater than that of the winding drum, and it will move that much slower than he does. 
His own direct force will vary according to the number of hours per dav that he may be required to 
work, as in the foregoing table. With these data, the slse of the buokns can be decided on , and sf 
these there should be at least two, so th.it the empty one at the bottom may be tilled while the full one 
at top is being emptied ; so as to save time. The same wheu the work is done by mcu. 

Art. 2. A practlfted laborer haalln^c alonfp a level road, by 
a rope over his shoilldera; or lu a circular path, puHhing betoro him a 

bor lever, at a speed of from 1 ^ to H miles per hour, exerts almut % part as much furcu as a horse* 
or 22000UU ft-lbs per day ; or ft-lbs per min of a day of 10 hours of actual hauliug or pushing. 

But laborers frequently have to work under circumstances less advantageous for the exertion of 
their force than when haulingor pushliigin the niaiiucr just alluded to ; and in sucli ctiscs they cannot 
do as much per day. Thus in turning a winch ni crank like that of a grindstone, or of a craue, the 
continual bending of the body, and motion of the arms, is more fatiguing. Til© bIk© Of a 
Winch Nhonld not exceed IH IiiH, or llio r»<l of a circle of 3 ft diam; and against 
It a laborer can exert a force of about 16 lbs. at a vel of 2's) ft per sec, nr 150 ft per miu, makiug icrv 
nearly 16 turns per min ; fur 6 huurs per day. To these f hours uu addition must be made of about 
}i part, for short rests. Or if a working day is taken at 8 or 10, Ac, hours, part must generally be 
taken from it for such re-,i> Ou the foregoing data an hour’s work of GO min of actual hoUttny 
would be 

ttis ft min 

hi X 150 X 60 = 144000 ft-lbt: 

or, deducting ^ part for rests, 115200 ft lbs per hour of (tine, xHcludtng rests. In practice, however 
a further deduction must be made for the fric of the machine, and for the wt of the hoisting chains; 
and lu cose of raising water, stone, ore. 4o. from pits, for the wt of Uie buckets also As a rough 
average we may assume that these will leave but lOOllOO ft lbs of paying, or useful work per hour; 
that is. that a mail at a winch will actually lift ccinlvalcnt to 
100000 lbs of water, ore. Ac. 1 foot hiij^h per httur'M time, in- 

Clndlng* rc^ta. This is equal to 1666^ ft lbs per miu of a day of 10 hours lurluding restA 
Therefore, in a day of 10 working hours he would raise 1 000000 lbs net. 1 tool high , Or JlINt 

K art of what a horse woahl do with a i;in in the same time. We have 
fore seen that lu hauling along a kvcl road, he can at a slow pace perlm m about % ol the dally 
duty of a horse. He mav also work the winch with greater force, sav up to 30 or even 40 lbs , but 
he will do it at a proportionately slow»r rate; thus, aocomplishing only the same dally duty 
With a Itin. like those for horses, but lighter, with 2 or more buckets, t prao 
tiled laborer will in a working day of 10 hours, raise from 1 200000 to 1 40O000 ft-lbs net of water, ore 
*0. With a shallow well or pit, more time Is lost in emptying buckets than In a deep one ; but the 
deep one will require a greater wt of rope. To save time in Wl such operations on a large scale, there 
ehould be at least two buckets; the emptv one to be filled while lh„* full one Is being emptied. It is 
also best to employ 2 or more men to hoist at the same time, bv winches, at both ends of the axis; 
and the men will work with more ease If the winches are at right angles to each other. Each winch 
handle may be long enough for 2 or 3 men. An extra man should be emplnved to empty the buckets. 
He may take turus with the holsters. The same remarks apply in some of the following oases. 

On a Ireadwheel a juactised laborer will do about 40 per cent more daily 
duty than at a wlneb ; or in a working day • of 10 hours, including rests, he will do about 1 400000 ft- 
Ibi. And he can do this whether he works at the oater clrcnmf of the wheel, stepping upon foot- 
hoardi, or tread-boards, on a level with Its axis; or walks Inside of It near its bottom In both oases 
he aeti by bis wt, iiiaally about 1.30 to 140 lbs , and not by the muscular strength of his arms. Whea 
at the level of the axis, hU wt acts more directly than when he walks on the bottom of the wheel; 
but In the fir A case he has to perform a slow aiid fatiguing duty resembling that of walking up a 
oontlnuous flight of steps; while in the second he has as It wer** merclv to ascend a very sllghilv In 
dined plane ; whioh he can do much more rapidly for hours, with oomparativelv little fatigue : and 
this rapidity compensates for the less direct action of his wt. Therefore, In either case, as ex|>erienee 
baa shown, ho aocompllshes about the same amount of dally dmv. Treadwheels mav be from 5 to 25 
ft in dlam. according to the nature of the work. They are generally worked by several men at once, 
and may at times be advantageously used In pile-driving, as welt as in hoisting water, stone, Ac. 

By A ffoed common niimp. projiwrly proport'onofl, a practised laborei 

will in a day of 10 working hours, raise aboui 1000000 ft lbs of water, net.l 

BAllInnr with a llgrht bncfcct or ncoop. he can oecomplioh abotil 

200000 ft lbs net of water. By A blICkCt HOfl MWII|M‘,, (a long levrr I'oeklng vertically , 
and weighted at one end so as to balaiioe the full bucket hung from the other; often seen at country 


* The working dav must be understood to include necessary rests, and such intermissions aa ttal 
nature of the work demands ; but does not include time liwi si meals. A working day of 10 hour* 
nay, therefore, have but 8, 7, or 6. Ac hours of oefiMif labor. This will be understood when we here 

after apeak of a working day, or simpiv a day. 
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wetli, >600000 toSOOOOO. In the Imit h«hM 011)7 to pull down the am ptj bucket, ftnd thereby raise the 
onunterweiRht. By 2 biicketN at the endH of a rope tintipended over 
® pulley, 500000 to 600000. Hero he work* the buckets by pulliug tlio rope by hand. 

By a tyinpau, or tympanum,* wurkod by a treudwheol, about 1 200001 

tol4O0000. 


By a Ferttiaik wlieel.f a chain-pump, a chain of bncket«,t or 
an ArchimetleN Mcrew, all woiked by a tn adwheol, trom SUOOOO to 1 000000 

ft-1bs Uf these four, the tlrsi three hise usctui utteot by either xpillmg, leaking, or the necessity (or 
raising the water to a lei el somewhat higher than that at whieh it Is discharged 
When any of the five foregoing machines arc worked by men at wuiche*, the result will be about 
H 'OES than by treadwheels. They are ail frequently worked also by either steam, water, or horse-power 

By walkinff backward and forward, on a lever which rocks 
on it* center, a man may, according to liobiHon'H Mech IMuloHopliy, perform a 
much greater duty than by any of the preceding modes. He states that a loiiiig man weighing 135 
lbs, and loaded with :10 lbs in addition, worked in this manner foi Id tiours a day without fatigue; 
ana raised 9>4 cubic feet of water, 11)^ tt high per min. This is equal tud9H4000 ft lbs per day of 19 
hours ; or b6M (i lbs (ler min ; or nearly of the net daily work of a horse in a gin. 


A laborer atandinn; Htill, can barely euBtain for a few min, a load of 100 

Bis, bj a ro|ie over his shoulder, and thence passing off horoier a pulley. And scarcely as muob, 
When (Facing the loud and pullci 1 he holds the end of a hor rope w ith his hands before him. He can- 
not push hor with his hands at the height ol bis shoulders, with more than about 30 lbs force. 

Weisbach states from his own ohseriation. that 4 practised men raised a dolly (a wooden beetle 
or rammer, of wood; with 4 hor projecting round bars for handles) weighing 120 lbs, 4 ft high, at th* 
rate of 31 times {>er miu, for It^ niiu ; and then rested for 4^ min ; and so on alternately througb 
the 10 hours of their working day . Therefore, 5 of these hours were lost in rests ; and the duty per 
formed by each man during the other fi hours, or 300 mins, was 


120 X 4 x 34 X 300 


1224 000 rt-1bB. 


In the old mode of drlvinuT pile*, where the ram of 400 to 1200 fix 
suspended from a pulley, was raised by 10 to 40 men pulling at separate cords, from 35 to 40 lbs of tht 
ram were allotted to each man, to be lifted from 12 to 1H times per min, to a height of 3% to 4H feet 
each time, for about 3 min at a spell, and then 3 min lest It was very laborious and the gangs had 
to be changed about Aourly, after perfonnlug but H an hour’s actual labor. 

Himlinft by honwHi. Sec Traction. When working all day, say 10 working 
hours, the average rate at which a horse walks while hauling a full load, and while retumiag with 
the empty vehicle, is about 2 to miles per hour ; but to allow for stoppages to rest, 4e, It is safest 
to take it at but about I H miles per hour, or ISO ft per min. The time lost on eaob trip, in loading 
and nnioading, may usually be taken at about 15 mio. Therefore, to Snd the number of loads that can 
be hauled to anv given diet In a day, first dud the umc in min reqd In hauling one load, and return 
ing empty. Thus ; dlv twice the diet in ft to which the load is to be hauled ; or in other words, div 
the length in ft, of the round trip, by 160 ft. The aunt is the number of min tbst the horse is in mo- 
tion during each round trip. To this quot add 15 min lost each trip while loading and nnioading ; the 
sum is the total time in min oooupiea by each round trip. Div the number of min in a working day 
(600 min in a day of 10 working hours! by this number of min reqd for each trip; the qnol will be the 
number of trips, or of loads hauled per day. 

Kx. How many loads will a horse haul to a diet of 960 ft, in a day of 10 working hours, or 600 min T 

Here. 060 X 2 = IWO ft of round trip at each load. And ~ = 12 min, oooupied in walking. And 

600 min in 10 boars 

12 + 15 In loading, Ao)=27 min reqd for each load. Finally, — - — — =22.2, or 

A4 miQ p6r vnp 

■ay 22 trips, or loads hauled per day. 


Table of number of load* hauled per day of 10 working 
hour*. The flrot cot is the distance to which the load is actnalty hauled; or half 

the length of the round trip The cost of hauling per load, is supposed to be for one-horse osrU ; the 
driver doing the loading and unloading; rating the expense of horse, oart, and driver at (2 per day. 


* The tympan revolves on a hor shaft; and is a kind of large wheel, the spokes, arms, or radii of 
which are gutters, troughs, or pipes, which at their outer ends terminate in sooops, whioh dtp into 
the water As the water is gradually raised. It flows along the arms of the wheel to iu axis, where 
It is disnhd. The sooop wlieel is a modlfloalion of it. It is an admirable machine for ralain| large 
quantities of water to moderate heights. We cannot go into any detail respeoting this and other 
bydranlio machines. 

1 A kind of large wheel with buckets or pots at the ends of Its radiating arms ; reTolves on a hof 
axis; disobarges at top. The buckets are nttaohed loosely, so as to hang vert, and thus avoid spill- 
ing until the? arrive at the projier point, where thev come into oontnet with a eontrivanoe for tilting 
and emptying them. The iioria is slmilsr, except thnt the huokets are Rrmly held in plaoe, and thus 
■pill much water. It is therefore inferior to the Persian wheel. 

1 An endless revolving vert chain of buckets. D'Auboisson and some others erroneotuly eaU thli 
the Qoria. It Is an effective maohloe. 
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Load 
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Loads. 
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Load 
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Lo.nls. 1 Load 
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Cts 
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18 
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1 
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37 
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15 
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31 
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13 
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11 
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to 
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10 

‘20 00 


1 3 1 l>li l>7 
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4000 

9 

■22 ‘22 


1000 

ft 

j U 09 

5000 

7 

‘28 57 

9^ 

1 1 ' 2110 00 

1 
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1 


— 





If the liiH(]inK anil nnloaditiR is such a., can noi he ilmic liy the di n. r al.nic , biitrciiuucs tin- he, p 
of cranes, or other ni.tehiui-i \ . .in mhlmtni ot from 10 m .>0 ns jm In 1 1 mm licioiue mv-eyiirt il.u. 
ing oan getierallv in* more eluMjily done 1>\ using ‘1 oi .< horses ami oui drnei to ii \el,ic 1- lie liL.it 
load tier horse, in adiiilion to the vehn le. will iisu.ilU Ik- Uoui S« to 1 ton. dijieiniing on the Loiiuitii.n, 
and grades of the load Kioiu IJ to l.» cuh It ol solid stone; oi fiom Jiio-.i, nib IcetorbioKen smne. 

make 1 ton lu esIliHHtiu jp lor hauliiijiT rouKh quarry’ mIoim* lor 
draillM. CnlvertH, Ac, bear *n miml Ibst each euh taid of common sc.ibble.l riil.l U 
rnasonrv, re-nures tlic hauling of about 1 I! cub jds of the stone us usually (iiled «!> h r s.ib* in !l,« 
uuarrv , or about of a cuh yd of the onginal roek in i>l-»ee. A €*Ub >'<1 Of wolid NtOlIf*. 

wlioti broli^ii into occiipii^s* about 1*9 cub 3”^ 

purled ly lao**^ ; or al>out P* when idl' d nil A strong cart for stone hniiliiig. will weigh 
about % ion , or l.VW ffn . an^l u ill liolii ■oonf* riMHijfh for a pen h i»t roblili* ni.ison \ , i*r n.i^ 1 2 pf^r'- 
of thft roUKh rttone lu piles, The avlnsl^e weight of a good woikiug horse h iihoui y u i"fi 

Mtoriii sfflvca the following’ re«iill*i fioni car' tnl ••xpcniiii-iii' inttil'- »i> 

him for the French Ooveratneut. The draft of the aaiue wheeled »■ hide on a ro id, iii.n iiiiii.iitnt 
be considered to be, 

Ist. On hard ItirnnikeN, an<l pai’einenlJtt i»i proportinn to the 

loads ; inversely as the di.iius of the wheels ; and tie,irl\ inde|ieudent of the w nlth of tire Jt men a^m 
to uncertain extents with the incqualmcs of theioail, the stiffness (want of spring) of the lebielc, 
id the speed ; (considerably less than as the square roow of th. last ) 


2d. On aoft roada, the draft if* let*i* with wide tirea tlian 
with narrower onea; and for farming purfiost?^ he recommends a wuiin of 
4 in* With sp^s from a walk to a fant trot, the draft dora not vary ui^nsibly. 
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TEUSSES. 

INTRODUCTION. 

General Principles. 

1. Truss Deslfi^n a Specially. The design, construction and erection 
of trusses iiave become a specialty, to which persons confine themselves more 
or less exclusively, and thus attain a degree of expertness beyond the reach 
of the general e^necr.* The latter, nowever, should have a knowledge 
of the subject, sufficient at least to enable him to foim a well-grounded opin- 
ion of the general merits of a design and to guard him against the adoption 
of one involving serious imperfections. In a volume like this we can discuss 
only general principles. 

2. The Truss Principle. Theoretically, a truss consists of a number 
of straight bars, joined, near their ends, by perfectly flexible joints, loaded 
only at these joints, and .so arranged that all its internal stresses are sus- 
tained by its members, and only the vertical t pressures, due to the weights ' 
of the truss and its load, are tran-smitted to the abutments. 

3. Distinction between Beams and Trusses. When a solid beam 
(Fig. 2, ^ 7, Transverse Strength) bends, under its own weight or under that 
of itvS load, all the fibers above the neutral axis are compressed, while all 
those below arc extended; and the resulting change of length, in each fiber, 
is proportional to the distance of the fiber from tlie neutral axis; but, in a 
truss, the loads (including the weight of the truss itself) are theoretically 
regarded as diviiled into portion.s which are concentrated at the joints be- 
tween the members and which act through the cen.s of gravof their cross- 
sections. So placed, the stresses caused by them could n''t act transversely 
of the members, as in a beam, causing so-callgd secondary stresses, but must 
act longitudinally or axially of the members, and must be uniformly distrib- 
uted over their entire cross-sectional areas. This i.s the distinguishing 
feature of all trusses. 

4. In such a tru.ss the material would be used most economically, and the 
stres.sos in each piece and in each part of such piece could be readily and 
accurately determined. 

5. In the tru.s.s of a well-designed bridge or roof, this ideal condition is 
approximated i>v using, for the principal members, .straight and rather 
slender pieces, and by so distributing the extraneous load that it shall be 
applied only at the joints between the members, thus subjecting them 
chiefly to forces acting at their ends and in the directions of their length.3. 
In pm-conneeted trusses (see H 175) the joints ate practically flexible. 

Most of the trusse.s in common use comsist of two long members, 
u.sually horizontal (but see 1] 49). called chords, extending throughout 
the span and connected by web members, which are sometimes all in- 
clined, and sometime'' alternately vertical and inclined. Inclined web 
members are called diagonals. 

6. Ties and Struts. A member sustaining tension is called a rod or 
tie. One sustaining compn^s.sioTi is called a strut or post. One capable of 
sustaining both tension and compression is called a tie-strut or a strut-tie. 

■?. The dimensions of a truss are usually measured along the center lines 
of its members; and, in pin-connected trust's, the pins are placed at the 
intersections of these lines Hence, the measurements are usually made 
from “center to center of pins.” 

8. Ill a plate girder, the flanges are usuallj'^ regarded as performing 
the function of tlie chords of a truss, and the web as performing that of the 
web members t»f a truss. 


♦ Railroad companies and municipal corporations frequently prepare their 
own bridge .specifications; but the general proportions, number of panels, 
etc,, are often left to the judgment of the bidders. 

t We here .suppose the truss to be loaded vertically. If the load is other- 
wise applietl, as in the case of the wind pressure upon a horizontal bracing 
truss, the pressure on the supports may be horizontal, or otherwise inclined 
to the vertical, but all the internal stresses are still sustained by the tniM 
members. 
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Loading. 

9. Dead and Live Load. In bridges, we distinguish between the 
"dead" and the "live" load; the dead load comprising the weight of the 
permanent structure—i. e., of the bridge itself, with its trusses, bracing and 
floor system; while the live load comprises any temporary and extraneous 
loads, such as engines, cars, horses, vehicles, foot passengers, etc., which 
,may come upon the bridge 

10. The dead load is usually distributed uniformly along the span, but 
the loaded chord (that carrying the roadw'ajO of course usually rect'ives a 
greater share of.it than the unloaded chord. The live load comes only upon 
the loaded chord. In determining stres-ses, it is usual to consider the weiglit 
of live load and of floor system as being on the loaded chord, and the rc^t of 
the dead load as divided equally between the two chorda. It sometimes hap- 
^ns, however, that both the uiiiier and the lower chords carry roadways. 
They must then, of course, both be treated as "loaded," thoiigli not neces- 
sarily equally loaded; for on? may carry a railway w'hile the other carries 
only a highway. 

Unsy in metrical Loudtiig. Counterbracing. 

11. TJnsymmetrlcal Loading. In Figs. 2 to 10, the loads are sup- 
posed to be placed symmetricallj • 

12. If this could be the ca.se in practice, the eonipressiC)n members would 
never be called upon to resist temsion, or the tension members to resist 
compression; and the trusses m Figs. 2 to 10 would sutlice (supposing each 
member to have sufficient strength), even though the coinjiression members 
were incapable of resisting tension and vice versa. Thus, the tension mem- 
bers might be flexible chain.s, and the compression niembens might be post.s, 
merely abutting against supports at their cntla. 



Fig. 1. 


13. But in a truss, Fig. 1 (a), with a fle.\ible tie In the panel, n, n.s shown, 
the load W, unsymmetncally placed, would cuu.se failure, us indicated. 

14. Counterbracing. To prevent this, those members which, under 
moving loads, may be subjected alternately to both tension and compres.sion 
may be so const ructed as to be able to resi.st both kinds of .“t reas. That is U 
say, the tension members may be so stiffened as to be callable of acting a& 
posts, and the ends of the compre.s.sion members so connected to the chorda 
that those members can also act as ties. This is the expetlient usually em- 
ployed in trusses without vertical web roembere. 

15. Counters. In trusses with rectangular panels, the distortion, Fig, 
1 (a), caused by unsymmetrical loading, is usually prevented by the intro- 
duction of additional members called counterbraoes, or counters, in distinc- 
tion from the "main " members, which last are designed to resist tlie normal 
stresses due to uniformly or symmetrically distributed loads. Thus, in Fig 
I (6) the unsymmetrical load, W, tends to convert the rectangle, p, into a 
rhomboid, by lengthening its diagonal, W </;and this may be prevented by 
the introduction of an oblique tension member (counter) in the line of that 
diagonal, as shown by dotted line. For a similar reason, such a counter is 
inserted also in the corresponding panel, x d. 

16. Triangles. It will be noticed that the introduction of counters 
reduces the truss to a framework made up exclusively of trianolee. 

17. It might at first sight appear that the several parts of a bridge trusa 
must be most strained when covered from end to end with its maximum 
load; but this is true only of the chord and of the main diagonals and verti- 
cals near the ends of the truss. The other web members may bo more 
strained by a part of the load, placed unsymmetrically on the truss; so that, 
although correctly proportioned for a fuU load, they may be too weak for a 
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partial one. If all be made as strong as the end ones, they will, it is true, be 
safe for a passing load; but this would require an expen.se of material tnat 
would be justified only in the ca.se of moderate spans, especially of wood, in 
which the additional trouble and expense of getting out and fitting together 
pieces of many different sizes may more than counterbalance the saving in 
material. 

18. In large bridges, where the live load is small, relatively to the dead 
load, but little counterbracing is needed, and that at and near the center 
only; whereas, in a very light bridge, the counters .should extend from the 
center^ where they are most strained, to near the enils, where the strain upon 
them IS least. 

Cross-bracing. 

19. Bracing between Trusses. Advantage i.s taken of the proximity 
of the two or mc>re tru.s.ses of a bridge, standing side fiy side, to connect them 
by croKH-b racing, thus giving to the entire .structure far greater lateral stabil- 
ity than would be possible in the single trusses. 

20. Thus, lateral bracing. Fig. consists of horizontal tru.ssps placed 
between the two upper chords of the main truases, or iietween the two lower 
chords, or both; the chords of the main trusse.s acting also as the chords of 
the lateral trusses. The lateral bracing prevents lateral deflection of the 
chords. 

21. Sway bracing. Fig. 64 (r) (called also diagonal, cross, vibration and 
wind bracing), consists of short tru.sse.s (usually vertical) crossing the bridge 
tran.sversely and thu-' connecting the two (ru.s.se.s. The sway bracing has 
its own cliords, but uses parts of the posts of the main truss as its end posts. 

22. Portal bracing. Fig. M (a), consists of sway bracing (usually in an 
inclineil plane) joining the tops of the end posts in trusses of sufficient depth 
to permit its u.sc. The portal bracing, with the end posts, forms a porta) 
through which trains, etc., en.er the bridge. 

Types of Trusses. 

23. The simplest form of truss con.sists of a single triangle. Figs. 
2 (o) and (b). In Fig. (a) the load produces compression in the rafters, 
tension in the chord or tie rod,* and compression ( the tension in the 
chord) between the heads of the rafter-s; in Fig. (6) vice versa. 

24. The truss shown in Fig. 2 (a) is in common use for roofs of small span, 
as in dwelling'' In jirnetice, it is of course loaded along the rafters, and not 
only at the apex as in Fig. (a) ; but, in calculating the stresses in truss mem- 
bers, we commonly fust assume that the loads are concentrated at the 
intcr/teciions of the members. I’he effect of their actual distribution alonp 
the members is then determined separately, treating the members as beams. 



Fin;. 2. riK- 3. 


23. In Fig. 3 (a) (called a King truss), the vertical tie (improperly called 
a King post), and in Fig. 3 (i>) the vertical post, simply carries the weight of 
the 1(^ to the apex, i, where it produces the same effect as in Figs. 2 (o> 
and (6). 

26* Hence, neglecting the weights of the vertical tie and other members, 
the stres^s, caused by a given load, W, in the diagonals, and in the horizon- 
tal tie. Fig. 3 (a), are the same (not only in character, but also in amount) 
as those produced by an equal load, W, in Fig. 2 (a). Similarly, those in 
Fig. 3 (6) correspond with those in Fig. 2 (6). 


* In Figs. 2 to 12, and 14 to 17, double or heavy lines indicate posts ct 
Struts, and light lines indicate ties 
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27* Fifs. 4, 5, and 6. giving modifications of the simple forms aboira 
in Figs. 2 and 3, illustrate in principle most of the bridge trusses in com- 
mon use for spans up to 300, 400 or even 600 feet. See Figs. 7 to 10, fH 3&i 
etc. 

28. In Figs. 4. 5, and 6, there is an upper chord, in compressioiU and a 
lower chord, in ten.sion ; the shorter chord au‘?taining the compression be- 
tween the heads of the rafters, Figs. 2 (a) and .3 (o\ or the horisont^t^'ision 
between the feet of the diagonals, Figs. 2 (6) and 3 (6) . F ig.s. 4 (oS and 6 (a) 
are nMxlifications of Fi^. 2 (a) and 3 (a) ; Figs. 4 (b) and 5 (6) of Figs. 2 (6) 
and 8 (6) ; Fig. 6 (a) of Fig. 2 (o), and Fig. 6 (6) of Hg. 2 (6^ 



(b) 



rijp. 4. 


29. Figs. 4 (a) and 4 (6) may be regarded as showing Figs. 3 (a) and 3 (5) 
feapectively, with the vertical member, as tvell as the load, split in two. and 
the two parts separated by horizontal straining pieces. If the loads are 
^aced symmetrically, so that the horizontal pressures, Fig. 4 (a), or tensions. 
Fig. 4 (6), on the two ends of the shorter chord, are equal, the two diagonal 
oounters in the center are unnecessary. 

(b) 

Fig. 5. 



30. Howe and Pratt Systems. In Fig. 5 (a) the vertical web 
members .re in tension, and the diagonals are in compre.ssion, embodying 
the “Howe" principle, used in bridges with wooden diagonals; w'hile in Fig, 
6 (fe) the verticals are in compression, and the diagonals in tension, embody- 
ing thi “Pratt" principle, used in bridges with metal diagonals. In such 
bridges long compression members are objectionab'e. 



Flip. 6. 

81. Warren or Triangular Trusses. In Fig. 6, illustrating the 
"Warren" or “triangular" truss, the web members are all diagonal, a 'd are 
alternately in tension and in compression. They divide the truss profile 
into isoKelet triangles. 

32. Through, Deck and Pony Spans. Fig.<). 4 (a), 5 (a) and 6 (a), 
with the roadway on the lower chords, are called “through " spans, and Figs, 
4 (6), 5 (M and 6 (6), with the roadway on the upper chord, are called “deck" 
spans. The deck span permits the use of sway bracing (see ^21) between, 
and throughout the depth of, the two or more trusses forming the bridge, 
while the trough span of course does not; but the use of the through spaa 
is often i\«quired, in order to give sufficient head-room for boats, floods, 
trains on crossing roarls, etc., below the bridge. A t ruas, loaded on the lower 
chord, but too shallow for lateral bracing (see f 20) between the upper 
ehords, is called a "pony" truss (or “pony through" truss). 

33. Panels. The points where the vertical web members meet the 
ehords, in Figs. 4 and 5, are called panel points) and the rectangular 
•paces, an,nc.cd, etc.. Fig. 5 (a), between the vert icals, are called panels. 

34. The Warren truss. Fig. 6, has no verticals, as e.s8eDtial parts of it. Set 
45 and 40. Its subdivisions are called simply triangles: and a panel 

length of truss equal to the width of a triangle. A panel of either ohoni 
bovver, is that portion of it between two panel points. 









41. Intersections. In deep trusses, two or more sets of web members 
are sometimes combined in one truss, with one pair of chords. Thus the 
two simple Pratt trusses shown in Kjgs. 1 1 (a) and (6) combine to make the 
“Whipple” or “double intersection Pratt” truss. Pig. 11 (c), recently in 
jcneral use. 



ITyf. 11. Fill?. 12. 


42, Similarly the two .simple Warren trusse.s, in Figs. 12 (a) and (b), com- 
Ijine to form the double inter.seetum Warren of Fig 12 (c). 

43. A combination of /our 8y.stem.s is called a “quadruple intersection*' 
truss. See Fig 59 (0. 



Fife. 13. 

44. The old Towne “lattice” tru.ss, Fig 13, consisting of planks 
troasing each other (u.sually at right angles) and bolted or tree-nailed to- 
rethcr at their intersections, may be regarded as a combination of several 
barren truases. 




Fllf. 15. 


In the “Baltimore” truss, Fig. 15 (b). each fliagonal is braced, at its 
niddle point, by a .short diagonal strut inclined in the opposite direction, and 
i sub-vertical is suspended from their junction. With very long panels, 
tub-verticals are sometimes used for the panels of the unloaded chord also. 
Jec Fig. 15 (cl. 
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46. Collision struts, or collision posts, S, Figs. 59 (k); (m). (o), 
and (0. and 73 (a), are used for bracing long diagonal end posts against a 
blow from a derailed train. 



47. Fink and Bollman Tru.sses. Figs. 16 show two obsolete modi- 
fications of Fig. 3 (6), viz. . the Ftnk, Mg. 16 (a), and the Bollman, Fig. 16 (6). 
'I'he large bridge over the Ohio River at Loui.sville, Ky., completed 1870, is 
of the link type. The Bojlman was largely used on the Baltimore and Ohio 
Railroad years ago. 

48. In the Fink and in the Bollman truss there was but one chord, as 
shown. This chord u.sually carried the roadway. Where the roadway was 
placed lower, it gave the truss the apFiearance of having two chords. Under 
uniformly di.stributed loads, in the Fink, and under all circumstances in the 
Bollman, the 8tres.s in this chord was uniform throughout. In the Bollman 
(see Mg.), the longitudinal stresses in the chord were all applied at its ends. 
Each type may be regarded as a combination of several susjiension trusses like 
Fig. 3(b). In t he Bollman, the simple trusses were all of the same span and 
depth; and each vertical post, except the central one, divided its simple 
tru.ss eccentrically. The Fink principle is .still largely used in metal roo 

( ru«se.s. See Figs. 26. 



FIk. 17. 

49. Curved Chords, Truases with curved or “broken” chords, Fig. 17. 
are frequently used for long spans. The members themselves, between panel 
points, are always straight. In the bowstring. Fig. 17, the panel points 
of the upper chord He in a curve, convex imward. In the crescent trms, 
the lower chord also is convex upward. The bowstring truss has the ad- 
vantage, over those with horizontal upper chords, of making all the chord 
and web stre.Kses more nearly equal, thus simplifying the construction and 
reducing the wei(i;ht of the trusses. It has the disadvantage of permitting 
no overhead bracing near the ends of the span. If the curve of the upper 
chord is made parabolic, the dead load stress is uniform throughout the lower 
chord, and in each vertical (now in tension) the stress is equal to the dead 
load on the lower chord. The diagonals receive no dead load stress, but 
are called into action only by eccentric loads. 



Fig. 18. 

50. The Burr truss. Fig. 18, at one time much used for wooden bridgea 
was a combination of a Howe truss and an arch. 
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Camber. 

51. Camber. In practice, the members of the upper and lower chordt 
of bridges are not placed perfectly in line, butso that the chords curve slightly, 
with the convex side upward. This curve is called the camber. Its object 
is to prevent the truss fiom bending down below a horizontal line when 
heavily loaded. When the chords are cambered (see y a and c d. Fig. 19), 



t 
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they become approximately concentric arcs of two large circles, of w’hich the 
center is at t; and the upper one plainly liccomes longer than the lower. 
Ihe verticals, instead of remaining truly vertical, become portions of radii of 
the arcs mentioned; and, although their lengths remain unchanged, yet their 
tops are farther apart than their feet; and this renders it necessary to 
lengthen the diagonals. See It 211-214. 

Cantilevers. 

62. The cantilever principle h shown in Fig 20, where A and B 
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represent ccunterw’eights or anchorages. Fig 21 shows the Niagara canti* 
lever bridge. It consists of two cantilever trusses, ab, a' 6', connected by 
an ordinary truss, ha', which is suspended, by a vertical link at each end, 
from the ends of the cantilever trasses. The weight of the truss is counter- 
balanced by anchorage-s, A and B, or by weights, or both. The principal 
advantage of the cantilever is that it may be built outward from the 

g iers across the channel. It thus greatly facilitates erection in cases where 
ilsc-work cannot well be used. 



53. Movable bridges, including draw, swing and lift bridges, are of 
three general classes ; one la which the movable part slides horizontally, one lo 



Fig. 22. 

which it swings horizontally, and one In which It swings vertically. OHlr 
narily, the movable span Is pivoted near the middle, and swings horisoutattf 
INI the central*' swing’* or '* pivot'* pier, as in Fig. 22. In such cases it i* 
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oraally mounted on a central pivot, or on a nest of rollers or wheels running 
on a circular track. Such a bridge must be so designed that, when it is swung 
open, or if it is not brought to a bearing at the ends when closed, it shall 
sustain nut only its own weight, but also any other loads that may come upon 
it. In addition, each half must be able to act as a bridge supported at both 
ends, with all possible live loads; for, as an unbalanced live load comes on 
either end, that end will be brought to a bearing. In elaborate bridges, pro- 
vision is made for raising the ends of the draw span, when clos^ thus 
bringing both ends to a firm bearing, and the floor flush ^ith that on the 
adjacent abutment or fixed sjian. This raising is usually made suflBcient 
to relieve the middle pier of only a portion of the load. The bridge then 
acts like a “continuous” girder (see Transverse Strength, Klf 78, etc.) sup- 
ported at three or at four points, depending upon the arrangement of the 
bearing on the pivot pier. 



Flic. 23. 

54. Drawbridges in which the movable part swings vertically (the shore end 
carrying a counterweight) may either revolve atiout a pivot, or they may roll, as 
111 the Scherxer rolling lift bridge, Fig. 23. In the »Scherzer Bridge the center of 
gravity of each of the two moving wings remains at a constant elevation, so that 
no lifting or lowering of such wing occurs, and the work done consists merely in 
overcoming the rolling friction of the curved end of the wing upon its support. 

55. Skew bridiiree are used where a channel, road, etc., i.s crossed ob- 
liquely, and where it is inconvenient to have the abutments perpendicular to 
the trusses. For simplicity in making floor connections, etc., the truss is 
usually so designed as to bring the panel points opposite each other, as in 
Figs. 24 and 25. Where the skew is but slight, this necessitates a difference 
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Fig, 24. 


Fig. 25. 


In inclination between the two end poets, as in Fig. 24, involving complica- 
tion in the connections for the portal bracing. But where the skew is ^ater, 
it may be possible to make it just equal to one or more even panels, adjusting 
the panel length to suit, and thus leaving each truss symmetrical, as in fig. 
26. In each figure, those members which belong only to the farther trust 
(the upper one in the plan) are shown by dotted lines. 
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Roof Trusses. 

56. Roof trusses are made in a great variety of forms. Those shown in 
Figs. 26 are common. In Fig. 26 (a), part of load, at d, compresses the rafter 
from d to a, while the remainder compresses the strut, d h, and pulls the 
rod h i and the part-chord h a. Similarly, part of c passes through c a to 
a, and the remainder through c k d h i to the apex i. Thus each load 
is eventually carried by the members, part to the apex and jiart along a 
rafter to an abutment. It will be seen that the greatest stresses in the rafters 
and in the chord occur near the ends.* Sometimes the members shown 

i 


(a) 




(e) 
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vertical in Fig. (a) are inclined, or the lower chord is “broken,” being usually 
convex upward. Hoof trusses are often composed, as m Figs (b) and (r), of 
two Fink trusses, inclined, and leaning against each other, their feet being 
held in position by a tie, m n, and the rafters forming the upper chords of the 
Fink trusses, 

STRESSES IN TRUSS MEMBERS. 

General Principles. 

57. Conditions of Equilibrium. In trusses. a.s in beanrs, it is neces- 
sary and sufficient, for equilibrium, that the internal stresses, and their 
moments, shall balance the external forces and their moments The exter- 
nal forces (viz., the loads and the eml reactions) ami the resulting moments 
and shears, are discussed under Statics, 28.J. etc. We here discu.ss the 
determination of the internal stre.s.se.s P’or the fundamental distinction 
between beams and trus-ses, see Trusse.s, ^ ;{, 

58. In general, the stresses in the mpml>er.s are found by mean.s of the 
principles of moments (Statics, Iff .301, etc.), and of Shears (Statics, Hf .32.'>, 
etc.)» making u.se of the force parallelogram (Statics, HI Su. etc) or force 
triangle (Statics, Hlf 46, etc.), the force and coni polygons (Statics, Hli 72, 
etc., 86, etc ) and the influence diagram (Statics, HH 1139, etc ), 

59. A very convenient method, and one in common use, is that described 
more fully in HH 67, etc , below, where the truss is considered as being cut 
throdgh by a section. We then seek to ascertain what stresses, in the mem- 
bers so cut, would be required to preserve equilibrium. 

60. Before the stresses can be calculated, and the truss projiortionetl t( 
those stresses, its weight must be known; for this constitutes a load, and there- 
fore affects the stresses. But, on the other hand, we cannot learn its weight 
until we know the sizes of its different members. In this dilemma we must 
assume for it an approximate weight, based upon our knowledge of some- 
what fdmilar tru.sses already built. This become.s the more necessary as the 
truss increases in size, so that its own weight becomes greater in proportion 
to that of the load. 


• If the diagonals were parallel, their stresses, and those in the verticals, 

would be ffre&test at the center nt the nnnn nnri Inuaf «>f tite iLKiifmenfo 
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61. Tu dlstln^ish between ties and struts; from the point, o. 
Figs. 27, where the force is applied, draw o c to represent the applied force, 
in the direction in which that force tends to move the point, o; and upon o c 
as a diagonal construct the force parallelogram, a b. Through o draw i i paral* 
lei to the other diagonal a b. Then, if a piece be on the same side of i i with 
o c, it is a strut ; while, if it be on the opposite side, it is a tie. 




63. Ties and struts may often (as in Fig. 27) be readily distinguished by 
inspection, by imagining the piece to be flexible, like a rope or chain. If it is 
seen that it would then resist the force acting upon it, the member is a tie; 
if not, it is a strut. Or, suppose that the piece is not secured at its ends. 
If, then, it is seen that it would resist the force acting upon it, the member is 
a strut; if not, it is a tie. 

63. Or we may proceed as follows: In Fig. 28 (o), representing joint a, 
we begin w’ith the known net vertical reaction, R *; and find the unknown 
stres.se.s in the chord and in the end post by means of the force triangle, 
making their arrows follow the knowm direction of R. Transferring these 
arrows to the respective truss membens. Fig. (d), we find that the chord 
pulb away from a, and is therefore a tie; while the end post pushes toward a, 
and is therefore a strut. 



M 

2V 

FIk. 28. 

64. In Fig. (6), representing joint 6, we draw P upward to represent the 
pressure of the end post toward b; and the other two sides of the force tri- 
angle give the pressure in the chord member, Q, and the tension in the tie, T. 

65. In Fig. (c), representing joint e, we know T, M, and the load, W, and 
we obtain the tension, N, and pressure, S, in the corresponding members. 


* Inasmuch as half of each end panel rests directly upon a support, and 
thus adds nothing to the stresses in the members, we must, in determining 
those stresses, use only the 

net reaction - reaction — half panel load. 
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66. Tensile stresses, because they tend to elongate a member, are con- 
ventionally regarded as positive, and designated by +, while compresstvt 
stresses are regarded as negative, and designated by — . 


Method by Sections. 

67. Let Fig. 29 (a) represent a roof truss, with three equal loads, W, of 
2 tons each, applied at a, c and 6, respectively, and let it be required to find 
the stresses produced, by those loads alone, m the members a c and a d. 
Suppose the portion shown in I'ig. 29 (6) to be separated from the rest of the 
trus^ as shown, by cutting through the members o c and a d. The lower 
portions of those members, shown in (fe), are, however, supposed to be held 
in their original positions by the stresses So and Sa, eoterted in these mem- 
bers themselves. Taking moments about the right support, 6, Fig. 29 (a) 
we have, for the upward reaction of the left abutme it, a, 

R 2 • 

68 . We have, then, at a. Fig. 29 (&). four forces, as follows: two known 
foro^ vi*.: W, vertically downward, — 2 tons, and R, vertically upward. 

■■ Aitd two unknown forces, S. and Sd. Now S. makes a known 

angle. A, and Sd a known angle, B, with the vertical. The vertical forces, 
W and R, have, of course, no horizontal resolutes (see Statics, HI 64, etc.)] 
and their vertical resolutes are the forces themselves. 



rtgr. 29. 


69. Tlie horizontal resolutes of the inclined forces, S. and Sd, are, ra- 
spectively; Sc.sinA, and Sd-sinB; and their vertical resolutes are: 
^.cosin A, and Sd-cosin B. 

70. We seo, by inspection, that the stress, B.. in the rafter, a e, Is com* 
pression, and that the stress, Sj, in the lower member, is tension ; but, for 
convenience, W’e may at first assume, in advance, that all of the unknown 
stresses are tensions or +. Then those which finally appear as -f are known 
to be tensions, and vice versa. Their horizontal resolutes, in this case, are 
therefore both taken, for the present, as being right-handed, or ijositive; and 
their vertical components upward or positive also. It will be remembered 
(see H 66) that we regard tensions as positive, and compressions as negative. 

71. Now, in order that the four forces at c, viz,: W — 2 tons, downwaiti 
3 W 

R aa ^ upward, S, and Sd, may be in equilibrium, it is necessary; 


fl) that the sum of their horizontal resolutes be zero, or 
S,,sm A -h Sd.sin B «=> 0; 

(2) that the sum of the vertical resolutes be zero, or 
R — W . + Bc.cosin A + Sa.cosin B ■■ 0. 


Thus, let A - 45®, sin A « 0.707; cosin A - 0,707. 

B -■ 75®, sin B 0.966; cosin B ■■ 0.269. 

Then 6.707 8, + 0.966 Sd - 0 ; 


R - W -h 0.707 S, + 0.259 Sd - 0; 


— 0.966 Jd • — 0.259 8 d — R -h W 

“ ■”0.707 “ 0.707 


O.ftAfi 8. — 0.259 S- - 0.707 Sd - R — W. 
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72. Again, in Fig 30, with section u t, stress in ed 
15 = — 9. With section vy, stress in ej = — ^ = 


= Wi — R - 6 — 

With see- 

cos 0 


Wj Wj-— R — 3 - ,, , XL * xu 

Uon ux, stress m ad — — ^ = It will be seen that these 

cos 0 cos 0 

torces, all acting downward on the part truss to the le/t of the section, 
give tension in ed, and compression in ef and gd 

With section uz we cut two web members, yd, and gr; but the stress in ga 

lias already been fovjnd = the vertical component of which is = 3. 

Hence, stress in i/c = W^-j- Wa + W* -}- 3 — R =6. 

711. It is, however, evident from inspection that the middle vertical bears 
simply the middle load, W 3 = t>, for, cutting the truss by a curved section, 
as at c, and examining the small portion thus out out, we see that we have 
but tw’o vertical forces — viz. the central load, Wg, and the stress in the 
vertical member; and, for eqmlibrium, these two must be equal. 



Chord Ntreasefi, Momento. 

74. For the chord stresses. Fig. 30, let P = panel length = 10 ft. Then 
the bending moment at the panel point, d, is 

M = 2JIP-- W, P 
= 15 X 20— 6 X 10 
= 300 — 60 = 240. 

Cutting the truss by section u v, we find that, of the three members cuU 
only the upper chord member, eg, has a moment about d. Call its strew S. 
Its leverage is the depth, D, of the truss, =12; and, for equilibrium, S D » 
M 


M. Hence, S = -pr 


: 20. 


D ' 12 

75. Similarly, taking moments about e, we find the stress, in the lower 
chord member, / d, cut by the section, u t, to be — = 20, or the same as 

the stress in the upper chord panel cut by the same ^tion. lusf^ction 
%ow 3 the correctness of this result; for the 

delivers to the upper chord panel, e g, a. compressive strew or chord 
ment" (see *[[ 77) = the tensile stress which it delivers to the lower chord 

panel, f d. x * v 

76. If the chord members are inclined, their lever arms must of course be 
measured perpendirulnrly to them; and wo can no longer use the vertical 
depth of the truss as the lever arm. 

77. Chord Incremeiifn. Pig. 30. Each diag dedivers a to 

the upper chord, and, in trusses with parallel chords, an equal tensile strew 
to the lower chord Find the shear, or vertical V,, etc , 

the stress in each diagonal, beginning with the end post. Then the ch^ 
increments,” h^, h„ etc , or the .stresses m the chord members, af and me, 
fd and eg, etc., due to the several diagonals w'parately, are 

fe, = Vi tan 0 
h‘i =* V, tan 0 
hs = Vs tan0 

and for the total stress in each chord member, we have, ^ K 
H, ’= + AqI H, = a, -f- h, -b A,; and so on. 
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Shear. 

78. Any portion of a shear diagram applies to all those members througti 
Rrhjch it" shear travels, up to the panel point where the shear undergoes a 
shange. Thus, in Fig. 31 the shear diagram on the right of the Fig. includes 
bhe vertical, tu; that on the left includes the diagonal, mo; and that between 
die loads indudes the diagonal, t n, and the vertical, m n. 



79. Shear Influence Diagram. See Statics, KH 32.5, etc. In a 
fuse, Fig. 32, the ordinates, c' o, etc., to the line a'^ b' (constructed as in Fig 
156, Statics, ^ 349), give the left end reactiom; and those, c' A, etc., to the 
ine a'A*, give the right end reactions, for any poattion of the load ; and the 
■esulting shears for a load, W (not .shown), at any panel point! but the 
\heara in a panel, cd, for a load. W, between the panel points, are modified b.v 
;he action of the stringers in distributing the loa<l between said adjacent panel 
mints, aa indicated by the influence lines, qh. etc , for the several panels 
Thus, with W at c and at d, re.Hpectively, the .shear, in the panel cd. is repre- 
lented respectively by c'h (negative) and by d’q (positive) ; and, as the load 
jasses from c to d, the shear in the panel changes from c*h to d'q. 


n 



team. 

80. Thus, drawing, for this beam, c d (a.s for the wiiole beam in Statics 
Pig. the Mnel influence lines fd* and c'«, we see that, ns W moves from 
i into the panel cd, .ts to e, the truss reaction at a is thereby slightly increase^ 
uom d*q io s' k; but at the same time a portion of W, representod by e*t, it 
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Miried by the stringer to e, where it diminishes the shear t'k (due to the truss 
reaction at a), leaving tk as the value of the shear in the panel. As we place 
W successively at other points, farther from d, and approaching o, the load 
carried by the stringer to c, and represented by the ordinates from c'd' to 
id\ continue to increase faster than does the left end truss reaction, R, 
represented by the ordinates from a*b* to ; and the resulting shears in the 
panel are represented by the ordinates from id* to iq. At o, the part load, 
o'j, carried to c, is the left truss reaction, and the shear in the panel is lero. 
With the load between o and c, the part loads carried to c, and represented by 
the ordinates from o' c', to jt, are greater than the corresponding left end 
truss reactions- and the re.suit is a negative shear in the panel, indicated by 
the ordinates from j g to jf. It will be noticed that the resulting shears 
throughout, both positive and negative, are indicated by the ordinates from 
c'd' to hq* 

Reversing the process, a similar argument may be applied to the panel 
influence line c'», Deginning with the load at c, with negative shear in panel 

c*h, and supposing it moved across the panel to d, where positive shear 
in the panel becomes -- d’q. 

81. In the case of a uiilform load, extending on to the span from the 
right support, h, the point o is the position of head of load for maximum posi- 
tive shear m the panel, cd; for, in the case of a uniform load, the shear, with 
head of load at e, is represented by the area (sum of ail the ordinates^ 

and manifestly this area increases as the head of the load ap' 
proaches o', but when it reaches o, the area above a'6' can increase no further, 
and when it passes o, the negative shears, represented by the ordinates from 
o'c' to 0 % begin to reduce the resultant positive shear, 

82. 'Having found, by any method, the maximum shear, d'q, due to a 
concentrated load at d, for the diagonal, d n. Fig. 32, and the reverse maxi- 
mum shear, c' h, due to the same load at c, we in ay draw an influence 
line, h q, which gives, as before, the point, o, of position of head of uniform 
load for maximum stress in the diagonal, d n, from which (as above) we find 
the corresponding position of the head of a ser^s of concentrated loads. 

In practice, the influence line for shear Is of value chiefly in thus 
finding the position of load producing maximum stress, and the resulting 
stre.H.ses, in trasses with curved chords, such as Fig. 17. In such a truss, 
owing to the inclination of the members of the upper chord, tho^ membra 
take ‘«ome of the shears in their re.spective panels, and the Bti;pss in the diag- 
onal is therefore less than the shear in the panel. 

Graphic Determination of Drad Load Stresses. 

83. Construct first a diagram of the truss, as in Fig. 33 (a), lettering the 
spaces between the members, and those between the arrows representing 
the dead loads. Call the end post, 1-3, between A and B, “ AB,” the stress in 
it *'ah," the load at 2, "cd," etc., using capital letters for panels and truss 
membiers, and small letters for loads and stresses. Adopt a suitable scale of 
forces, and construct the diagram. Fig. 33 (&), as follows: 



Figr* 33. 

84. Consider first the point I, Fig. 33 (a). There are here three forces 
in equilibrium, vis., oc, ah and &c. Find the net end reaction, R » oc, and 
lay it off upward (since it acts upward on 1) from any convenient point, a, tc 
c. Fig. 33 (b). From a draw an indefinite line ab parallel to AB and from i 


* Since tK io\ qd* and ke^ are parallel, me' K and c'4 gf. 
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draw cb parallel to BC, obtaining; the force triangle ach of the point 1. The 
lengths of cb and ba then give the stresses by scale. 

85. In Fig. 33 (6), the arrow on ac indicates the upward direction of that 
force. Following around the triangle, we affix arrows (in the same direction) 
to cb and ba. Supposing these arrows now to be transferred to the corre- 
sponding members in Fig. 33 (o) we see that b c pulls from the point 1, show- 
ing that 6 c IS tensile, or +, while h a pushes toward 1, showing that b a is 
compressive, or — . 

86. The characters of the stresses may be found more quickly as follows: 
Draw a circle. Fig. 33 (c), and place on it arrows pointing around m the 
direction (counter-clockwise in this case) followed hround the truss in 
constructing the load line. See f 92, below. Then con.sider any panel point. 
Fig. 33 (a), and follow the letters in the spaces around that point in the direc- 
tion of the arrow's on the circle. Note the order of the letters, and follow 
the corre.sponding equilibrium polygon. Fig. 33 (6), around in the same direc- 
tion. This will give the directions in which the forces respectively act on that 
ooint. 

87. Thus, consider the panel point 2. Following around 2 in the direc- 
tion of the circle, we read B, C, D, E. Turning now to Fig. 33 (6), and 
reading 6, c, d, e, we find that on 6c we go from right to left (or opiHisite 
-to the direction indicated by the arrow drawn for point 1); hence be acts 
to the left on 2, and BC is therefore in tension, and it.s stress 6c is +. 



88. Given now the stress, 6c, in BC, construct, on be, the force polygon 
bedefor the four forces acting on the point 2. Thus, from c lay off cd down- 
ward, to represent the dead load on the lower chord at 2. Since be act.s a.s a 
puU from the left on 2, and since the forces mu.st follow each other around the 
polygon, cd must evidentlsr be drawn downward from c and not from 6. 
From d draw an indefinite line parallel to D£, and from 6 another, parallel 
to BE. They will intersect at some point, as e, and eb and de will then repre- 
sent the stresses in BE and DE. 

80. Inspection would show that be » cd, since cd is the only force acting 
an 2 with a vertical component, and that be de; but the construction of 
the force polygon bede is necessary for the completion of the diagram. 

90. Having now found the stresses in DE. BE, and AB, and knowing the 
panel load ( -« q d) at the point 3, construct the polygon g ah e f g. This 
Sives e f and f g, and from these the proces.s may be continued and the dia- 
P‘am completed. 

91. It will be noticed lhat, in some cases, a point on the diagram, Fig. 
S3 (6), is given more than one letter. Ordinarily this is simply a coincidence, 
irising from overlapping of the force polygons. In some cases, however, the 
^incidence of the letters shows that the stress in the member is sero. 

92. In practice it is usual to construct first the entire load line ei, thus. 
Iraw first the net reaction, ac, upward; then, following around the truw 
sounter-ciockwiae, draw all the other exterior (dead load) forces in their 
proper order, thus ed, dk, kl. It, tt, tv, vp, po, oh, hg, ga. 'The stress diagram 
naav then be eonatrueted. u before. 
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Live Loads. 

93. It might at first be supposed that each member of the truss would 
receive its maximum stress when the train completely covered the brid^; 
but this is true only of the chord members. In the truss shown in Iig. 
33 (a) each web member receives its maximum stress when the greatest 
possible shear occurs in a section cutting that member. 



Vi«. 34. 


94. In Fig. 34, the main diagonals to the left, and the counters to the right 
of the center, C, are shown. Any one of the.se members receives its maxi- 
mum stress from a uniformly distributed load when the load extends from it 
to the right support 6, with head of load at a point, o, Fig. 32 (a), found 
as in H 81 ; and vice versa for the diagonals inclined in the opposite direction. 
Each vertical receives its maximum stress when the load extends from the 
farther support to a point, o (see ^81). in the panel beyond the vertical. 
This statement must be slightly modified when the concentrated whed 
loads are considered. See H 1 97, etc. 



Fi|p. 33. 


93. Assumed Uniform Live Load. As a crude approximation, the 
engine and train are sometimes considered as a uniform load crossing the 
bridge, Fif^. 35; but this method, ignoring, as it doe.s, the great concentration 
of weight in modern locomotives, is ai>t to be either unsafe or wasteful of 
material. This as-vuniption is proper in connection with wind pressure on 
tram. See ^ 121. 



Ftip. 3jB. 


96. Concentrated Excess Loads. Again, to provide for the locomo- 
tive loads, one or more concentrated excess loads, Fig. 36, are sometimes 
employed. The stresses due to these loads may be computed separately, and 
added to the stresses produced by the uniform live loads. To produce the 
maximum chord stresses, the excess loads should be in the middle of the span, 
and the train load should cover the entire bridge. This method is fairly 
approximate, and engineers are divided as to whether this method of con- 
centrated excess loads should be used, or that of the actual or “typical” 
locomotive wheel loads as explained below. 

97. Standard or Typical “Wheel” Loadings. In the method of 
wheel loads, the actual stresses, ^duced by the heaviest engines likely to 
cross the brid^, are considered. Even in engines of nearly the same weight, 
theloadsmay be differently spaced, and spaced at intervmsof odd fraotmns 
of an inch, rendering computation very laborious. For this reason, and in 
order to provide for use of heavier endues in the future, it is customary to 
consider an imaginary or “ typical” engine, with loads and spacing given in 
round numbers, the stresses from which ahall at least be equal to ^ose pro- 
duced by the heaviest engines likely to be used during the life of the bridge. 

The live loads are ordinarily taken as consisting of two typical locomotives 
with their tenders, followed by a uniform train h>ad. See Digests of Speoi* 
fioations. 
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98. The following is an example of the computation of live load stresses by 
the method of locomotive wheel loads: 

Fig. 37 (6) represents the loads on one rail, corresponding to Cooper's 
Standard,* Class E 40, which consists of two coupled consolidation loco- 
motives, followed by a train considered as equivalent to a uniform load of 
4000 lbs. per linear foot. In the diagram. Fig 37 nil loads are figured 
in thousands of j>ounds, moments in millions of foot-pound'', and distances 
in feet. 



I iff. H7, 


99. Live Load Web Stresses. The maxin.um live load stres^o^ 
will occur in the web mernber< of any panel of the tni.ss in Fig. 34 or 3S. 
when the live load produces the maximum shear m that panel. It can bo 

W 

shown that this will occur when P -- - -• where P the live load 

n 

on the panel cut by the section; W = the total live load on the truss, 
and n = the number of panels in the truss. This equation is called the 
criterion for maximum shear. 

100. The following table is based upon this relation. The .second col- 
umn is obtained by adding successive wheel load.s to P. In this case. 
W =*6 P, since our truss has 6 panels. Let any wheel be at a panel 
point Then, by moving the wheel a little to the left or right, it will be 
included in or excluded from P. Hence P and W have each a miuinmm 
and a maximum value for each wheel at the panel t>oint. 

No. of wheel at any 
given panel 
point. 

1 
2 

3 

4 

5 

101. The correct position of live load, for maximum whear in any panel, 
is found by successive trials. When the correct position is found, the 

♦ "Transactions Am. Soc. Civ. Engrs.," vol. xui, No. «58. Dec., 1809. 
p. 227 . Bee DigiesU o( SpeciheaUons. 


Value, P, of load on 
panel to left of 
given point. 

Oto 10,000 

10.000 to 30,000- 

30.000 to 50.000 

50.000 to 70,000 

70.000 to 90.000 


Corresponding value of 
W lor maximum 
shear in panel. 

0 to 60.000 
60.000 to 180,000 

180.000 to 300,000 

300.000 to 420,000 

420.000 to 640,000 
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moment about the right support is computed, and from this the shear ia 
obtained. For example, see below. 

108. These operations may be performed by compulation, with or with- 
out the aid of graphic methods. As the method of computation alone is 
rather tedious, particularly when the form of the truss is complicated by 
curved chords or sub-panels, and as the graphic method is abundantlj 
accurate for all practical purposes, and has the advantage of direct appeal 
to the eye, only the latter is given herewith. 

10^. The “wheel diagram,** Fig. 37 (a),* gives (1) a stepped “load 
line” or “shear diagram,” and (2) a curved “moment diagram” or 
“ equilibrium polygon.” See Statics, 359, etc. 

104. The load line gives the total live load to the left of, and including, 
any point. 

105. The moment line gives, at any point, the (left-handed) live load 
moment, about that point, of all loads to the left of and including that 
point. Thus, to the left of and including wheel No. 5 we have 


Wheel. Load. 

1 10,000 

2 20,000 

3 20,000 

4 20,000 

5 20,000 

Total, 90,000 


Distance from 
wheel 5. 

23 

15 

10 

5 

0 


Moment about 5 
in ft. -lbs. 

230.000 

300.000 

200.000 
100,000 

0 

8.30,000 


and the ordinates, ah to the load curve, and ac to the moment curve 
under wheel .5, moaMire 90.0 and 0.830 re.si>ec lively. 

106. Fig 38 IPpr^.sent^ the tru.ss, to the same scale as Fig 37. We may 
call this a “ trus.s diagram.” t 


/ 
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Fig. 38. 


107. Example. Tt) comi>utc the maximum shem in the panel be. Fig. 
.38, first find that po.sition of the load which will produce that maximum 
shear. As a guess, place the tru-'^ diagram. Fig. 38,t with its point c under 
wheel 2, Fig. 37. Examining the load diagram, over the right end, g, of 
the span, we see that we now have a total load, W, of 284,O00 lbs. on the 
span; and the load diagram, over wheel 2 (placed at point c) shows (see 
also table, 1 100) that the load, P, on the panel, b c, is now somewhere 
between lO.CiOO and 30,000 lbs.; but, for maximum shear in the panel, 6e, 
the load, P, on that panel must be (see 99 and 100) = W -4- n — 
284,000 -i- 6 > .30,000 lbs. Hence. P must be increased by moving the 
train diagram, Fig. 37, to the left (or, which is the same thing, by moving 
the truss diagram. Fig. 38, to the right) until wheel 3 is over c. We now 
have W , = ^2,000 lbs.; P = anywhere between 30,000 and 50,000; and 
required value of P, for maximum shear, - W -r- n = 292,000 -4-6 = 
48,667 lbs. Hence, the conditions are satisfied, and panel b e receives its 


♦Method published by Ward Baldwin, “Engineering News.” vol. xxn 
Sept. 28, 1889, p. 295. See also letter, “ Eng. News,” Dec. 28, 1889, p. 615 
t For the follow!^ discussion it will be found convenient to make i 
jopy of Fig. 38, or simply of the lower chord, on a separate piece of papei 
which may be applied, in different oositiona, to Fig. 37. 

50 
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maximum shear, when wheel 3 is at c. The moment diagram shows, ver- 
tically over 0 , the live load moment about the right support *= 17,516,000 
ft, -tbs. ; and the moment at c = 233,000 ft.-lbs. 

108. Let M ^ the (left-handed) live load moment at the right abutment, 
due to all the loads on the span 
L — the span. 

m = the (left-handed) live load moment at the pant-! point oti 
the right of the panel in question 
Z = the length of the panel. 

V - the shear in the panel. 

rp, V M 17.516.000 230.000 . 

Then V = — , - "= 10/, 600 tbs* 

L i 150 25 
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Loads in tfiouaanda of pounds 

Fiir. 37 (repeated). 

100. The maximum live load shears in the other panels, similarly com- 
puted. are as follows, the load being, in each ca.se, so placed us to give 
said maximum shear: 


Panel. No 
and Posi- 
tion of 
Wheel. 

Mom M 1 Mom m j 
j at Rl End ' at Rt. End 
of Truss of Panel. | 
i Ft -lbs. Ft.-lbs. 

! Shear, 

1 Pounds. 

1 r M m 

L r 

Member. 

Stress. 

Pounds. 

^ cos 

oh 4 at h ; 

27.176,000! 480.000 

162,000 

aB 

-217.200 

be 3 at c . 

17,516,0001 2.30.000 

107.600 

Be 

rl44.200 

cd Sat d 

10,816.000 230,000 

63,000 

Cc 

-63.000 

1 

j 

1 

Cd 

+84,500 

ds 2 ate | 

4,936.000 ’ 80,000 i 

29.700 

Dd 

-29.700 

1 

i 


T)e 

+ 39.800 

e/ 2 at / ! 

1,74.3,000 80,000 | 

8,400 

E/ 

+ 11,250 


• Because ~|— = the reaction of the left support, a, and - 
'll the panel load as goes to the left end of the panel. 

4 S ■■ /liairnnal an/I 
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110. The live load stress In the hip suspender, B6, is due entirely 
to loads upon the two lower-chord panels, a b and b c. Thus, with wheel 
4 at b, panel length = ab — bc=* 25 ft., we have : 

On a b On b c 

Stress Stress 

Dist, d, on B6 Dist, d, on B& — 

Wheel. Load, W. fromo. wd-r-25. Wheel. Load, W. fromc. tod -1-25. 

1 10,000 7 2.800 5 20,000 20 16,000 

2 20,000 15 12,000 6 13,000 11 5,720 

3 20.000 20 16,000 7 13,000 6 3,120 

Total, 50,000 30,800 1 Total; 46,000 24,840 

Total load on a h 50,000 Stress in B 6 from ah = 30,800 , 

• 46,000 “ “ “ " be = 24,840 

Wheel 4 -- 20,000 “ wheel 4 = 20,000 

Total load on ac ^ 116,000 “ “ “ Total, 75,640 

111. For any given set of loads on ae, the maximum stress in B& oc- 
curs when the load on a c is equally divided between a5 and 5 c; and this 
ordinarily occurs while some wheel (to be found by trial) is passing b. 
Thus, with wheel 4 just to the right of h, we have, on ab, wheels 1, 2 and 
3 , a 50,000; and, on be, wheels 4, 5, 6 and 7, — 66,000 tbs.; but, with 
wheel 4 just to the left of 6, we have, on ab, wheels 1, 2, 3 and 4, = 
70,000; and. on be (neglecting wheel 8, which now enters be), wheels 5. 6 
and 7, =» 46,000 tbs. Hence, while wheel 4 is passing 5, there is an in- 
stant when the loads on a 6 and on be are e(^l, and at that instant the 
stress in Bb reaches its maximum (75,640 rbs., see f 110) for the given 
set of loads. 

112. Live Load Chord Stresses. The criterion, for position of load 
for maximum bending moment in any section, and hence for maximum 

stress in the chord members at that section, is — , or Z L.-^ ; 

w l w 

where W -• total load on the truss, w — load to the left of the section, L — 
span of bridge, and I length of segment to the left of the section. 

113. To find the position of load for maximum moment in any panel, by 
means of the moment diagram^- Fig. 37; place a wheel, say wheel 2, at the 

E anel point at the right of the given panel. From the intersection on the load 
ne (usually coinciding with the x-axis) vertically over the left support, lay a 
ruler or stretch a thread to the intersection of the load line with a vertical 
from the right support. If the line so constructed recrosses the load line at 
a point vertically over the section in question, the position is a corr^ one; 
if not, it is incorrect. To facilitate this work, it is well to use a truss diagram. 
Fig. drawn on a sheet of tracing paper, with the verticals carefully ex- 
tended from the panel points as far up as the load or moment lines are likely 
to extend. 

114. It will often be found that more than one position satisfies the cri- 
terion, and that some one of these may give greater moments than the others 
Hence it is well to look for all poasible positions. When these are found, de- 
termine the moments, thus: On th6 moment curve find the two i^ints 
corresponding (vertically) with the left and the right support respectively, 
and join these points by a straight line. When the head 'of train has not 
reached the left support, the point corresponding with the left support is in 
the z-axis, producra. 

115. The required moment is measured by the vertical ordinate distance 
along the section, between the moment curve and the straight line just con- 
struct^. The .stress in the chord members affected is equal to the moment 
divided by the depth or the truss. Using these methods, the following re- 
sults are obtained: 


Section. 

Wheel. 

Moment, ft.-lbs. 

Stress, tbs. 

Members. 

Bb 

4 

4,049,333 

144,600 

ob » be 

Go 

7 

6,211,667 

221.800 

cd - —BC 

Ce 

8 

6,207,667 

Not max. 


Dd 

11 

7,044,000 

Not max. 


Dd 

12 

7.056.500 

252,000. 

--CD - — DB 
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Wind Loads. 

116. A complete bridge is subjected not only to vertical loads, due to dead 
load, to live load, and to impact caused by inequalities in track and in rolling 
stock, but also to horizontal loads. These horizontal loads are due to the 
transverse action of wind, or of centrifugal forces produced by the train in 
passing around a curve on the brid^, and to the longitudinal traction or 
"drag’’ caused by .stopping or starting a train on the bridge. Hence it is 
necessary to supply horizontal bracing, which, with the two upper chords 
or the two lower chords of the two vertical trus.ses, form horizontal trusses, 
known as the upper and lower lateral systems, Fig.s 39 (a) and 39 (6), and 
sway and portal bracing, 21 and 22. 

117. The wind is considered as blowing at right angles to the bridge. 

118. The wind produces several effects, and these must be ascertained 
separately, and their joint effect then determined. Among these effects are : 

(1) Direct stresses in both the upper and lower lateral systems, by pres.-5ing 
directly upon the chords; acting horizontally as a uniformly distributed load. 

(2) Additional direct stresses on the lateral sy.stcm of the loaded chord 
when a train is on the bridge, owing to pre.ssure of wind against the t.rain. 

(3) An overturning moment upon the bridge as a whole, thus incrwsing 
the dead and live load stresses in the leeward and diminishing those in the 
windward vertical trus.s. 

(4) A .similar overturning effect Ufx>n the train and its wheels, which simi* 
larly modifies their pressures upon the floor beams and thus the .stresses in 
the main trusses. 



Fiffr. Z9. 


119. The wind load, acting directly upon the bridge, is assumed to be 
equally divided between the upper and lower chords, and between the wind- 
ward and leeward trusses 

190. (1) The direct wind .stresses in the lateral bracing, due to the pres- 
sure of the wind on the truss, are found as are the stresses in the main trusses, 
due to dead load; the horizontal transverse struts of the lateral bracing 
corresponding to the verticals of the main trusses. 

191. (2) Direct stresses in lateral system of loaded chords, Fig. 39 (6), 
due to wind on train. 

Examining any panel, as c d Jet 

w =» wind pressure^ in lbs. per lineal foot of train ; 
p — panel length, in feet; 

w p — wind pre.S8ure, in lbs,, per panel fully occupied by train; 
n == number of panels in span ( " 6 in this case) ; 

I ^ n p =• span, in feet ; 

m ■= number of panels from left .support, a, to aiul including the panel, 
e d, under consideration ; 
m p distance, a d, in feet; 

X -= length, in feet, of that portion of the panel, c d, which is occu- 
pied by train; 

i * (n — m) p ^ X ~ that portion of the .span whicli is occupied 
by train, in feet ; 

=» wind pressure on train for a pre.ssure of 1 II). r>er lineal foot ; 

R = truss wind reaction,* at a, “ tc f* + 2 f ; 
r *=* panel wind reaction,* at c, •= w i® -i- 2 p ; 

8 •" wmd shear * in panel, cd, ^ R — 2t — u»x* + 2p. 

* See foot-note (f), H 2. 
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The horizontal truaa reaction,* at a, due to a concentrated horizontal 
pressure, 1. acting at any distance, y (not shown), from d, ia => 

} P . and the horizontal panel reaction, at c, due to the same 

np 


pressure, is 


The maximum wind shear,* in the panel, c d, due to wind 


on train, occurs (see 79 to 81) when the ln‘ad of the train reaches that 
p<jint, o, at which, if the concentrated load be placed, these two reactions 

will l)c equal, or - = ~ With head of train at o, we have 

p np 

’"Lp 

TV 1 

Under any conditions, the wind shear,* S, in the panel, is =» 11 — r, where 

X ^ 

" 2 p* 

Substituting here the value of jr, just found, for maximum shear, we ob- 
tain, as the maximum \ alue of the wind shear * in the panel, 

, (rz-n 


2 n p 


S„.. 


132. (.'}) Stresae.s in main truss members, due to overturning moment ol 
wind on truss. 

Overturning moinenf - (wiiul panel load at top chord) X (number ol 
panel points in span) X height of trass. 


Vertical reaction at one support 


1 overturning mome nt 

2 width between trusses' 


Since the upi>er lateral system cariies all wind loads to the ends of the 
bridge, the end posts and the chords (which take the horizontal componenta 
of the end post thrust.") are the only main truss members affected. 



133. (4) Stres.s in main truss mc«il>er.s, due to overturning moment of wind 
on train, Fig. 40, Let h ^ height from center of gravity of lateral system 
( f loaded chord to center of pressure of winil on ( rain, p = wind pre.ssure per 
lineal foot of train, ir wodth between centers of gravity of trusses, m 
overturning moment, per lineal foot of train, v added vertical load on 

leeward tru.ss, per lineal foot of truss. Theum^ ^ ji. andv = 


Impact, Etc. 

134. The effeyt.'^ of impact, due to inequalities of the track; those Ol 
“drag,” due to the starting and stopping of trains; and those of centrifugal 
force of the train on curves, are not susceptible of rigorous calculation, 
and engineers differ in their loquiremonts re.specting provision fortlxem 
l^ee Digests of Sitecitications. 


See foot-note (t), H 
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Determination of Maximum and Minimum Stresses. 

1185. Where specifications make allowable unit stresses depend upon the 
relation between the maximum and minimum stro'^ses in any given member, 
both must be computed 

Tn computing the maximum and the minimum stress in any member, 
bear in mind that a condition which, of itself, would have a eer»am effect 
upon the stress, may bring with it other conditions which produce a gre.Tter 
effect of the oppo.site kind. Thus^ nlthougii the action of wind on train 
would, of itself, reduce the stresses in certain members, this action can take 
place only with train on bridge, and the vertical action of the tniiii load 
would ordinarily increase those .Htre.s.ses more than the wind action would 
diminish them. , 

In computing minimum stresses, although the live load is usually to be 
neglected, we must of course not neglect the dead load, which i.s always 
present. 

Curves on Brldge-s. 

1186. When the track on a bridge is curved, it i*; usually so laid that 
the center line of the bridge bisects the middle cirdinate, m, of the curve. 
See Fig. “10 (a). The center of gravity of a panel load, P, at the center of the 
span (supposing it to stand over the center of the track) is thus thrown out a 
distance — ^ m from the center line of the bridge, or a di.stance •= i 5 + 
i m from the inner truss, where 6 = width of bridge between centers of 
trusse-s. Taking moments about the center of the inner truss, we have, 
therefore, for the load, W, on the outer tru.ss, due to P, 

b 2h ' 

It is customary (see Digests of Specifications) to proiKirtion the outer 
truss on the safe as.sumption that its share of the live load, at each panel 
point, is determined by the formula just given, and to design the inner truss 
like tbe outer one. 




Counterbracing. 

187, In a truas of any ordinary form (like that in Fig. 31), under the action 
of a uniformly distributed <leaa or live load, or of a live load distributed 
symmetrically as regards the center of the span, the .shears in each panel on 
the left of tbe center of the span are pmUive. while those in the panels on the 
right are ntgaiive; and the stresses throughout the truss are such that the 
ties sustain tension, and the struts, compression; the tendency, in each 
panel, being to etoagatc that diagonal occupied by a lie, and to ehorten that 
diagonal occupied by a strut. 

But the tendency of an eccentric load, such as those shown in Fig. 31, 
is to reverse the shears in the panels between it and the center; and, if this 
^ort. relatively to tbe other forces is ''f sufficient magnitude to reverse the 
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final shear in any panel, the tendency will be to shorten the diagonal occupied 
by a tie, aee Fig. 1 (a), and to lengthen any diagonal occupied by a 

As explained in 14 and 15, this condition is met, in the Wairen 
or triangular truss, by making each web member capable of resisting both 
tension and compression ; and, in trusses with both vertical and diagonal 
web members, by inserting counters. • ^ i 

In a drawbridge or swing bridge, not only the web stresses, but also 
the chord stresses, are reversed when the draw is opened or closed. 

To provide against possible further increase in live loads, over those 
now' in use, specifications sometimes require that, wherever the live and dead 
load stresses are of opposite character, only 70 per cent, of the dead load 
stress shall be considered as effective in counteracting the live load stress. 
For other methods of making similar provision, see Digest of Specifications 
for Steel Railroad Bridges. 


Boof Trusses. 


138. In roof trus.ses, the dead load, r. e.. the weight of the truss itself 
and that of the purlins, roof covering, etc., and the snow load, are usually 
taken as uniformly distributed. In many cases the sura of the dead and 
snow loads is divided equally between the two supports. In other words, 
the end reactions are equal. 

139. The weights of steel trusses, in pounds per square foot of 

building apace covered, may be taken, for preliminary e.stimatc, at (0.05 to 
0.08) X span m feet, according to design and loading. J hose of wooden 
trusses, with wooden, iron or steel tension members, may be taken at from 
one-tenth to one-fifth leas, ... • , . i j 

If it is found that the weight of a truss, as designed, considerably exceeds 
the weight assumed for it in advance, it .should be rede.signed, assuming a new 
weight slightly greater than that obtained from the design. 

130. The weights of purlins, of steel or wood, may be taken at from 
2 to 3 lbs. per square foot of building space covered. 

131. The weight of roof covering may be taken approximately aa 


follows: „ , , . . 

Corrugated iron 2 to 3 tt»s. per aq. ft. of roof surface. 

Slate 7to9 “ 

Shingle', on laths 2to3 

If on boards, add 3 

If pla.'’tered l^elow' the rafters, add, 6 
133. The snow load, in States north of lat. 35®, may be taken as vary- 
ing (chiefly with latitude) from 10 to 30 lbs. per sq. ft. of horizontal projec- 
tion of roof surface. 


133. The purlins, stringers, etc., should be so arranged as to carry 
the weight of roof covering and of .snow directly to the panel points, and thus 
avoid transverse stresses in the rafters. 

134. Each tru.ss bears, liesides its own w'eight, half the weight of roof and 
snow between the two trusses (or trass and wall), adjacent to it, and each 
panel point beam half the load between two panel ooints (or panel point and 
end support) adjacent to it. 



Thus, Fig. 41, truss TT carries a wreight — that on the surface between 
the two dotted lines, DD and EE; and panel point p parries a weight ** that 
on the rectangle mn. 

135. The wind is regarded as blowing norisontally upon one side of the 
roof and as exerting a uniformiv distributed normal pressure upon that side* 
In the following table of assumed normal pressures against sloping aur* 
faces, under horizontal wind pressures of 40 lbs. per sq. ft., the values in the 
last column are based upon Hutton's experiments. Hers a is the anid* 
between the sloping roof surface and a horizontal plane. 
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Assumed normal wind pressure* P* m ibs. per sq. ft. Horizontal 
wind pressure = 40 lbs. per sq. ft. a — angle betw'een roof surface and 


liknrizontal plane. 

V 


a. 

.sin «. 

40 .sin a. 

Hutton. 

5“ 

0.087 

3.5 

5.1 

10* 

0.174 

7.0 

9.6 

15* 

0 259 

10.4 

14.2 

20* 

0.342 

13.7 

18.4 

25“ 

0.423 

16.9 

22.0 

30* 

0.500 

20.0 

26.5 


P 


a. 

.sin 0 . 

40 sin a. 

Hutton. 

35* 

0.574 

22 9 

30 1 

40* 

0.643 

257 

33.3 

45“ 

0.707 

28.3 

30.0 

50* 

0.766 

30.6 

38 1 

55* 

0 819 

32.8 

39 4 

60“ 

0 866 

34.6 

40 0 


136 . The directions and amounts of the end reactions and of the stresses 
in the members, due to wind, depend upon whether one or both supports 
are fixed. If both ends are fixed, th» ir reactions are parallel to the normal 
wind pressure— t. e., they arc at right angles to that side of the roof upon 
which the wind is blowing; but, if one end i.s free to slide longitudinally of the 
truss, its reaction is taken os vertical and that of the other is more nearly 
horizontal than the normal wind pressure. When one end is free, the st re.sses 
must be determined for wind blowing on the fixed side (in which case it tends 
to flatten the roof) and also for wind blowing on the free side, in which case 
its horizontal component tends to shorten the tie-rod and 16 raise the apex. 
The stresses in the mombers of roof trusses are conveniently found by means 
of the method by sections, •] ^ 67, etc., or graphically, as below. 

137 . Fig. 42 (a) illustratc.s graphic treatment of wind strps.ses for Fig. 
42 (6), under the three conditions named, viz : — case 1, with both ends fixed ; 
case 2, wind blowing against the fixed side; and case 3, wind blowing 
again.st the free side * 

In Fig. 42 (a), the segments ah, he, cd and de r^re.sent the normal wind 
pressures at the panel points AB, BC, CD and Dli respectively, ami ne 
therefore represents the total normal wind pre.'jsure on the roof, all being 
exerted again.st the left .side.* 

138 . In case 1 (both end.s fixed) the .segments )a and ef of the solid line 
represent the left and right reactions respectively. 

139 . In case 2 (wind blowing against fixed side) the reactions are repre- 
sented by the dash line e/'a,' and in case 3 (wind blowing against free side) 
by the dash-and-dot line ef"n. 

140 . The segments f'f and //" represent the horizontal component.s of tin* 
right and left wind reactions rc*spectively in case 1 ; and Z'/* that of the wind 
reaction of the fixed end in case 2 or case 3, or that of the total wind react ion. 

141 . Having found, by moments, the end reactions ej and /o for case 1 ; 
where, Fig. 42 (6), 


the vertical reactions, «/' and a/", for cases 2 and 3 respectively, are found by 
dropping perpendiculars from e and from a. Fig. 42 (a), upon gf produced. 
The reaction.s of the fi.xed ends are then given by the closing line, j'a, in cu.s© 
2, and by ef" in case 3. 


♦ To avoid the necessity of showing two skeleton figures and two diagrams, 
we have supposed the wind to blow always in one direction (viz , again.st the 
left side) and first one end of the truss and then the other end to be fixed. 
In practice, of course, the reverse of this is the case; i. c., one end or the 
other of the triLss (if not both) is fixed, and remains so; and the wind may 
blow against either side. The figure and diagram will, however, answer for 
this latter condition also. Thus, if the wind blow apinst the left side, as 
shown, and if, as in ca.se 2, that side is fixed, then the diagram, using the 
broken lines, e /' o, gives the stresses in the members, as they are lettered. 
But now (the left end remaining fixed) supfiosc the w ind to blow against the 
free side; t. « , from the right. We may nevertheless suppose the right end 
fixed, and the wind blowing against the left side, os in Fig. (6), and nnd the 
stresses in the members fnira Fig. (a) as it stands, us.ng the dash-and-dot 
diagram, e f a; but we must then remember that the stresses thus found tor 
BG, OF, etc., on the left of the truss. Fig, (6). really apply to the correspond* 
mg members, QE, QF, etc., on the right, and vice versa 
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142. The stresses In the web members, GH, MN, etc., Fig. (6), and those 
in the several members, BG, EM. etc., of the rafters, are given by the corre- 
sponding lines, gh, mn, hg, em, etc., in the diagram. Fig. (a). 

143. In the leeward rafter, in this case, the stress in the three segments, 
ME, PE, QE, is uniform throughout, and moreover it is the same in each of 
the three cases, being == me = pe = (/e. 

In the four web members, LM, MN, NP, PQ, to the leeward of the center 
the stress, in this case, is aero, being represented by the point, Imnpq, Fig 
(a). 

144. The stresses in the several segments. GF, JF, LF, NF, and QF, of thf 
horiaontal tie rod. Fig. (fa), are represented, in Fig (a), 

in case 1 (both ends fixed) by gf, j/, If, nf and qf; 
in case 2 (wind against fixed side) by gf', jf', etc.; 
in case 3 (wind against free side) hy gf, jf, etc 

In each of the three cases tnere is uniform tension in the three leewar 


a 



Kginents, LF, NF and QF, of the horiaontal tie rod. This uniform 
tension is 

in case 1 (both ends fixed) ^ If ^ mf «“ nf; 

in case 2 (wind against fixed side) = If « ntf = nf; 

in case 3 (wind against free side) =- If mf nf, 

145. It is thus seen that, in our Fig., with horizontal tie rod, the differ- 
ence in the manner of supporting the ends affects only the horiaontal stresses 
in the members of that rod, and, through them, the manner in which the 
horizontal component ff of the wind stress is distributed between the two 
supports. 

146. If the lower chord were not straight, however, the stresses in the 
rafter and web members wouKl be affected by the difference between the 
three cases. 

147. The final or resultant stress, in any member, is the algebraic sum of 
the dead, snow and wind loads for that member. In some cases, the wind 
toad may diminish or even reverse the stresses due to dead and snow loads. 
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148. In timber roof trusses of short span, Figs. 43 to 47, for roofs of dwell* 
ings and other small buildings, we may, with suffirient accuracy, make a 
liberal assumption for load, to include wind pressure. In discussing these 
figures, we investigate the stresses by means of the force parallelogram. 
For dimensions of such trus.se8, see H 266. 

149. In the wooden roof truss. Fig. 43, uniformly loaded along each 
rafter, let H I •=» the weight of one rafter and its load. Then E I the hori- 
zontal pressure of the head and of the foot of that rafter (the latter being the 
tension in the chord), and H E == the inclined pressure at its foot. 



150. In Fig 44, make G R ■»« H 1. Then G L is the transverse pressure 
of the load against the rafter as a beam, and L H Is a longitudinal pressure 
along the rafter, forming a part of the total longitudinal preH.sure 

151. If G R were concentrated at G, L R would be uniform from G to a, 
and would not be exerted above 0; but, as G R represents u load uniformly 
distributed alon^ the rafter, from top to foot, the pressure repiesented by 
L R increases uniformly, from nothing, at the top, o, to L K, at t he fool, a. 

153. Of the transverse pressure, G L, one half, “ o p, is sustiimed at the 
lop, 0 , of the rafter, and the other half, “ o g, at ‘the foot, a ,\t the top. 
0 p is resolved into the horizontal pressure, o 6 =- K I, against the head of 
the other rafter, and a uniform thrust, o z, along o a. 



153. It is immaterial whether we thus resolve o p directly into o b and o z 
(as though the head of the rafter rested against a vertical wall at o), or whether 
we first resolve it between the two rafters, into o c and o r. For in the latter 
ease we must add to o c a thrust ( -* o r - c z) produced in o a by the trans- 
verse pressure (similar to o p) of the head of the other rafter ; ana the sum of 
these two (o e and o r) is » oz. 

154. The total longitudinal thrust in the rafter increases uniformly from 
0 c, at the top, to o « + L B. — a )b, at the foot, where it combines with n q 
( half the transverse load) to form a v — H £. 

155. Tenwn in ^hord - lE-fv— sA: — ng. Vertical pressure of 
eopport ■•HI •• a t a z -j an •^az + zt. 


J « V.. V 

15«. In Tvp. t'). ^‘ayinc lownd. A o n, \U 

the raftcM and iheir loadh. remem^r thai^ n» i Idiikintf ft I ♦ 


rafters and iheir lonilh. remem^r that ttn* at .k y ». itakiiui «► I - 
own weiRht plus the iKirf^tm y y of the chord ' ^ . t iirf»ur^ uittfofin 

this combined weight, we haveo m orf •’ an additi » . I th^phom 

throughout each rafter, and c m *= c d =• an ad<i>tu>Jial ternuon on tnt caora 



1.57. In Fig. 46. assuming, for safety, that the rafter, j b, is divided at its 
center, U. make c o = the weight of z r and its load (zr ^ half the rafter) . 

1.58. Then e i ■=* an additional pressure on U b. c A: = pressure on U c; 
at- s k === additional ten.sion on half chord, c b, and e o «= 2 c » «= load of 
and on z r, * additional tension on king post due to both struts. Then 
make a y «= e o + weight of king rod + weight of two struts + weight of and 
on V y, and proceed as in Fig 45. 



159, Each strut will thus bear half of the w'eight of and on z r, or z u, only 
when, as in Fig. 46, the inclination of the strut is the same as that of the 
rafter. If the strut is steeper than the rafter, it will bear more than half; 
but if it is less steep than the rafter, it will bear less than half ; the remainder 
being in every case borne by the rafter. 

160. The introduction of the struts converts each rafter, considered as a 
beam, into two beams of shorter span and bearing less loads. 



161* In the queen truss, Fig. 47, make og -> total tension in queen rod + 
half weight of and on the "straining beam,’' z v. Longitudinal pressure on 
« w xo tension in chord, ha, 1 E + cc. 



718 


TRUSSES. 


Deflections. 

162. The total deflection of a truss * comprises (1) the elastic or 
tem^rary deflection, due to the stretchf of its several members under the 
ioadins applied to the truss, and (2) the non-elastic or permanent deflec- 
tion. due to looseness of its joints. In good construction the latter is 
relatively negligible in moderate spans. 

The total elastic deflection, D, of a truss, at any point, c, is made up of 
partial elastic deflections, d, d, etc., at c, each due to the stretch, fr.t m 
some member. 

Let it be required to find the deflection at a panel point, c (usually the cen- 
ter of a span or the end of the arm of a swing bridge or other cantilever) ; 
and. for any load or system of loads, let 

D = the total elastic deflection at c; 

d = the partial elastic deflection, at c, due to the stretch, Ir.f in any 
member; 

p — the unit stress in that meml>er ; 

P ^ the total stress in that tneml>cr; 

I — the length of that member; 

k =» the stretch t in that member - -j, ; 

W = that load which, api>lied at c, would produce the stress, P, in that 
member; 

P 



Flir. 46. 


163. Equivalence of Work. In Fig. 48, let any load, W, be applied 
at any point, c, of a truss or bar. Then, for a small deflection, t such a.s may 


♦ See “The Application of the Principle of Virtual Velocities to the Deter- 
mination of the Deflection and Stresses of Frames," by Geo. F. Swain, 
Jour, of the Franklin Institute, vol. txxxv, 1883; “Trusses with Super- 
fluous Members," by Wm. Cain, Van Nostrand’s Magazine, vol. xxvn, 
No. 4, October, 1882 ; “The Graphical Solution of the Distortion of a Framed 
Structure," by David Molitor, Jour. Ass'n Eng’ng Societies, vol. xm, 
No. 6, June, 1894; and “The Theory and Practice of Modern Framed Struc- 
tures," by J. B. John.<M)n, C. W. Bryan and F. E. Turneaure, New York, 
John Wiley & Sons. 

t For brevity we here use the word “stretch" to signify any change of 
lei^h, including the shortening due to compression, as well a.s the elunga* 
tioD due to tension. 

t For the sake of clearness, the .stretches and deflections, in our Figs., are 
exaggerated beyond the limit within which the ratio, would remain even 
approximately constant. 
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be permitted in trusses, the external work, W d* of a partial deflection, d, 
due to the stretch, m any member, is practically = the internal work, 
P A, of overcoming the resisting stress, P, in that member, through the dis* 
t.'ince, k; or 

\V d = P A. 


Hence, 


d 


u k; or 


k ^ W 
d p- 


In words, the stretch, k, in any one member, is, to the resulting partial 
ilefiection, d, at ( , inversely as is any stiess, 1’, in that member, to aload, W, 
i^hich, if applied at c, would cause that .stress. 

I’hus, in i'lg. 48 {«), where k is in the same duection as D,t P = W, and 
I) - k. 

In Fig.s. (i) and (c).J suppose the strut incompressible. Then D is due 

]> 

.''olely to the elongation of the tie. and D ----- k — uk. 

p 

In Fig. (c), yj Is greater, and (for a given stietch, k, in the tie) D is there- 
fore greater, than in Fig (6). 

ir»4. Deflection Independent of Nature of C-ausc of Stretch. 

Now It is evident that the deflection, d, at r, de|)ends solely upon the amount 
and character of the stretch, k, m the member, and is independent of the 
nature of the cause of that stretch, Ihat i.s to say, any change, k (however 
caused), in the length of the member, necessarily contributes its fixed quota, 
P 

d . A, to tlie total deflection, T), at c. In other words, since d and k are 
vV 

mere distances, and .‘•ince u is .simply a ratio, the relation between d and k is 
a puiely geometrical one, and is therefore not confined to deformaiions pro- 
duced by applied loads, but i.s applicable also to those produced by changes 
of temperature, to intentional lengthening or shortening of members, or to 
any otlier eau.se 

Hence, if a member be in an\i way lengthened or shortened, by a length, k, 
a corresponding change, d, ^ . k n k. takes place in the deflection at c. 

For instance, if we place any .system of loads upon a tru.ss, and, by the 
pnnciple.s of btatic.s, determine the resulting total .stres.s, P, and unit .stress 
p, m ariv member; we have, for the partial deflection, ate, due to the stretch, 
k, in that member, under the given system of load.s. 


and, since k ~ 


V I 
K' 


d — u k; (For u, see If 165.) 


« / 
E • 


165. To obtain the ratio, m, ^ for each member, we suppose a 

\v 

concentrateil loud applied at c; and, by the principles of .statics, find the 
resulting total stresse.s. P, P. etc., in the several members. If the supposed 
load, at c, be taken — unity, the stre.sse.s, P, P, etr . so found, are the desired 
ratios, u, u, etc. 


* Htrictly speaking, with a load incre.asing gradually from 0 to W, and 
with resulting stress increasing gradually from 0 to P, avp should deal with 
the mean load, — i W, and with the mean sties.s, = i P, in each member; 
but it will be seen that this would not affect the equations derived. 

t Where, as in Fig.s (a), (b) and (c), only one member is supposed to 
ehange it.s length, D «= d. 

t See note (t) on preceding page. 
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166. Summation of Deflections. The total deflection, D, at e, 
under the given system of loads, being =• the sum of the partial deflections, 
d, d, due (but not necessarily equal) respectively to the stretches, k, k, ip 
the several members, we have 

L 


Thus, in Figs, (d) and (e), we assume the tie extensible and the strut com- 
pressible. In Fig. (d), W •= Pa + Pa; and VV D = Pi A Po k = (P, -|- PJ k. 

Hence = + .k ^ k. In Fig. 

(.), D - S u * - V, + u, k,. 

167. Positive and Negatlv - Stretches. In .some cases it may 
hapi>en that the change of length of a member dimini.shes, in.stead of in- 
creasing, the total deflection at the point, c, in question, and must therefore 

be taken as negative in summing up the values of u fc when c i.s 

the middle point of a span, or the end of a cantilever, all the changes in length 
of the members ordinarily contribute to the deflection, and must therefore 
be taken as positive. 

Theoretically, the formula, D »= 5 applies also to the deflections 

of arches, dams and other structures composed of blocks; but, owing to 
the uncertainty of the values of E, and to the relative inaccuracy of finish 
in masonry work, it Is of but liti.e practical utility in such cases. 

168. Redundant or Statically Indeterminate Members. Trii.'^ses 
frequently contain members whose .stresses cannot l>c found by the principles 
of statics. Thus, in Fig. 11 (c), the two diagonal tension members meeting 
at the top of either end po.st are said to be redundant, or statically indeter- 
minate, because the principles of statics do not enable us to determine what 
proportion of the total load goes to the support.s throuf^ each of the two 
systems, Figs. 11 (a) and (b), compo.sing Fig. 11 (c). But the deflection 
fonnu^, just given, enables us to determine the .stresses in such members; 
for, by means of it, we find, separately, the deflection in each of the two 
■vstems, Fi». 1 1 (a) and (o ) ; and the part load, transmitted to the supports 
through each of these two systems, is inversely proportional to their deflec* 
lions. 


BRIDGE DETAILS AND CONSTRUCTION. 

General Principles. 

169. In general, a truss bridge consists essentially of two or more verti- 
tal trusaea, AB, CD, Fig. 49, placed side by side, and connected by the 
floor ayatemt which, in turn, they support; and bracing (forming a 
“ lateral ayatem”) is supplied between oppo.sitc chords, where practica- 
ble, in order to maintain the trusses parallel. 

A 
G 
1 
C 

Fig. 49. 



170. The floor aystem consists ordinarily of floor beams and string- 
ers. The floor beam.s, AC, F'.F, etc., Fig. 49, are plaeeil transversely to the 
bridge, and are attached to the trusses at opposite panel points. Connected 
wi^ these and perpendicular to them or parallel to the trusses, are the 
stringers, GH, IJ, etc. In railroad bridges, there are usually two or more 
stringers placed side by sitle and running the length of the briage, to 8upp<>rt 
the ties. In city highway bridges, these slringers are usually spaced at smaller 
intervals, and support buckled plates or other form of flooring, on which the 
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paving is laid. For country highway bridges, the stringers are frequently 
t)f wood, placed quite near together, and the planks of the floor are nailed 
Dr spiked directly to them. 

Solid floors (see Pencoyd floor sections) add to the rigidity and per- 
manence of a bridge, and give increased protection to traffic below, against * 
injury from falling bodies or in case of derailment. Their shallowness is an 
advantage where head-room is an object. 

171. Any load, then. Is carried first from the ties or floor, etc., to 
the stringer.s, then by the stringers to the floor beams, and finally by the 
floor beamh to the panel points of the bridge, where it is carried through the 
trusses to the supports. 

172. Pedestals, shoes’ or bed plates. Fig. 62, bolted to the piers, support 
the ends of the trusses. When the bridge is of long span, so that the expan- 
sion and contraction due to heat and cold are considerable, expansion 
bearings. Fij^s. 60, 62, must be provided at one end. See 1jT[ 205, etc. 
For cross-oracing, see 1111 19, etc. 

General Character of Design. 

173. Flexible and Rigid Tension Members. Adjustable 
Counters. Until recently, eye-bars have generally been used for the 
tension members of trusses. These are long flat bars, liable to yield laterally 
under compression, and furnished, at their ends, with eyes or opening 
through \\hich pass pins connecting them with the other members of th« 
bridge; but ngid built members, capable of sustaining some compression, as 
well as teii'-ion, are now much used for tension members. Counters were 
usually made in two lengths, and were adjustable, the two lengths being 
connected bv turnbucklcs ; but these rendered it poasible to bring undue and 
dangerous .-'tresses in the panels, and they are now giving place to countem 
made each in one length. 

174. Compression members are ordinarily “built up” of angl^and 
plates, or of channels and plates with latticing, in hollow shapes, bringing 
most of the material as far as possible from the neutral axes of the cross- 
aection and thus increasing its resisting moment. 

175. Pin and Riveted Connections. The web members are con- 
nected w'ith the chords either by pin-s or by rivets. In the former case the 
truss is said to be pin-connectea; in the latter case, riveted.* Until re- 
cently, pin-conriccted trusses have been typical of American practice; but 
the Americans are now largei, using riveted trusses, for spans up to fr^ 
150 to 175 ft., while the Europe., as are in some cases u.'ing pins. The orin* 
cipal advantage claimed for the riveted joint is that it makes a stiffer bridflp 
and one that will not rattle, and that a riveted truss, computed as if pin-con- 
nected, will have an additional margin of safety on account of added stiff- 
ness. In the pin-connected bridge, on the other hand, the stresses can be 
much more accuratelj determined, and deflection may take place without 
producing twisting o. bending 8tre.s.se8 in the connections themselves. 

176. Tendency to Greater Rigidity. There is a growing tendency 
to use stiffer bracing, to design at least all short braces for compression, and 
to make even the longer tension members of channels or angles, forming a 
rigid member. Unle.ss [)in-connected eye-bars are of exactly equal length, 
some of them will receive more than their share of the total stress. 

177. Floor-beam Connections. In the United States, floor-beam 
connections were formerly made by hanging the floor beams from the pins 
by means of hangers ; but now, where pos-sible, the ends of the floor b^ms 
are riveted directly to the inner sides of the posts. 

178. In tension members, rivets are so arranged as to reduce the net 
effective section as little as possible. 

179. Compression members are so designed as to place most of the material 
as far as possible from their neutral axes, and they are sometimes strength- 
en^ by auxiliary ties or posts supporting them at their middle points, in 
oases where the resulting saving in material for the member will be consid- 
erably greater than the expenditure of material in the auxiliary member. 


* Riveted trusses are unfortunately called, also, “lattice girders,” “Isttioe 
trusses,” “riveted lattice mrders” and “riveted lattice trusses.” The term 
” lattice ” is often applied to shallow trusses with numerous panda. 
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180. So far as poasible, compression members are made equally strong 
agaiiMt bending about either of the two principal axes, AB and XY, Fig. 62, 
of their cross-sections. 

181. Where the same member occurs many times in a bridge, and where, 
therefore, an excess of material in the design of such member would involve 
a large total waste, the computation of the member is repeated many times 
until the most economical section is found. 


182. In metal trusses the shortf;r members are usually made to withstand 
compression, and the longer ones tension, this being more economical of 
material. Thus, the Pratt truss, with diagonal tension members, is use# 
for steel bridges, while the Howe truss is m>w built cmly with wooden diago- 
nals. 


Tension Members. 

^ maximum ten.sile stres-s 

183. In eye-bars, area of cro&^-section =« li — = — • 

^ * allowable unit tension 


184. The dimensions of the heads of eye-bar-s are usually determined by 
the manufacturers, and are so designed as to give anipie exces.s of strength 
at the pin-holes, so that, if tested to destruction, full> two-thirds of the 
number of bars tested shall break m the body of the bur, this being usually 
required by specifications. It is important that the proportions of eye-bar 
beads should be such as to ensure thorough working ot the metal in the uii- 
setting process. 
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186. Fig. 50 .shows, to two different scale.s, the "packing" (arrangement 
of pins and eye-bars) in the left half of the lower chord of a 150 ft. through 
(skew) span built ^ the Phoenix Bridfi^ Ck>. in 1900 for t he Philadelphia and 
Reading Railway Co. near Reynolds, Pa. 

186* Built 8ectloii*i. Hip vertical hangers, non- adjustable counters 
and their corresponding mains, are usually built up of rolled steel shapes. 
A sebtioD in common use shown in Fig. 51, con.sist8 of four angles, connected, 
at intervals, by small narrow flat bars, riveted to the angles and running 
across ligzag from one to the other. When single, as in Fig 51, this is callfKi 
"lacing"; when double, as in Fig. 52 (b), "latticing." The shaded area of the 
angles, Fig. 51, minus that of the rivet holes, is taken as the effective section. 

187. Bflnimiiin 8ectionN. f^cifications (see Digests) usually require 
the use of some minimum section. Thus, in a counter in which the stress is 
58,000 lbs., 3.5 square inches of cross-section would suffice; but si)ccifications 
freauently forbid the use, in such sections, of any angle smaller than X .'H 
X t, which gives 9.20 square inches gross; or, de<lu(!ting one rivet hole from 
each angle, 7.68 square inches net .section. 


CompreRslon Members. 

188. The computation of a compression member consists of a series o. 
approximations; for the unit stress depends upon the radius of gyration, the 
r^ius of gyration on the area of section and disposal of material with reganl 
to the axes, and this, in turn, on the unit stress. Sec Columns, under Strength 
of Materials. 

189. Fig. 52 (a) shows a form often used for posts, and consisting of two 
channellt placed with their backs outward and riveted together ^ lacing. 
In F'lg. 52 (b) the channels are placed with their backs inward. For eoon- 
•my, the channels should be so spaced as to make the radius of gyration the 
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same about either axis, A-B or X-Y. The radius of gyration is given in 
the hand-books of mfrs of struct oral shapes. See pp, 1174, etc. 

190. The upper chord section is frequently built up of two channels 
and a plate, or in some such form as shown m Fig 53, consisting of two verti- 
cal plates or "webs," a horizontal top plate or "cover," four "angles," and 
flat pieces or bars on each side of the bottom Lattice bracing, or lacing, is 
piovided along the bottom, except at panel points, where it is omitted in 
order that the po.st and the ties may enter the chord from below. In pin- 
connected trusses the axis of the pin lies in the line AB. 

191. The interior width, w, depends chiefly on the space required by the 
post and ties which meet at the panel point, and also upon the height of the 
inside rivet heads. Usually, for convenience of construction, the greatest 
width, w, required is kept constant throughout the upper chord. The height. 
H, depend.s chiefly on the size of eye-bar head, and is kept constant. The 
thicknesses of the web plates, and sometimes aho those of the bars and 
angles, are varied, along the chortl, in order to provide, at each point, suflB- 
ciont area to withstand the .'-tiess. 



193. The end post is to be considered not only as a column, but also as a 
beam subject to shear, on account of the wind blowing against the top of the 
side of the truss. The design of this built-up form is much the same in princi- 
ple as that given above for a post. Certain section.s are tried, and then 
changed if necessary. 

193. The end post must be .safe, not only against bending about the 
axis, A-B, Fig 53, under compre.ssion, but also against bending about the 
other axis, X-Y, under the combined effect of compression and the bending 
moment, due to the wind blowing against the top of the truss. See Fig. 54 (o). 


[Hr 



(a) (6) 

FIs. 54. 


194* The portal bracing, above, and the floor beam, below, are aasumed 
to prevent bending of the parts of the posts adjacent to them; and we may 
consider either half of either post ( *■ i f) as a vertical cantilever, fixed at 
one end. and loaded, at the other end (which is at the -niddle of the post) 
with a load — wind pressure on half the upper portion of one truss. 
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196. The maximum strejwes, due to compression, of couise occur aboul 
we middle of the post, while those due to the wmd occm near the ends, 
l^nce it would be unreasonable to require the po.st to rt i-'t all of both 
effects simultaneously throughout it.s length; and Bpeoifi(';ii loni therefore 
^ually allow the unit stress, due to dead, live, iinpaet and wind loailing com- 
bined, to be increased to 21,000 tbs. i>crsq. in., properly reduced i'\ formula 
for compression. 

196. l^nir eoinpreMHion moiiil»or«« are designed with a view to 
their liability to failure by buckling sideways. The fui inula" in eommon use 
are the Rankinc (often miscalled the Gordon): p - s f (i + m h ) , and the 
“straight-line”: p = a c K. Here 
p = mean unit load on column = total load solid eru^M-yt etion area; 

9 max unit stress in cross-sect ion; 

K= L/r =s= unsupported length =- least gyration radius; 
m and c » coefEcients. 

See also pp 496, etc, 760-761, 764, IHM-llSr), 114:t-1148. 


197. The formula for extreme fiber stress due to combined compression 
and bending, is 

. P . _MbT 

^ A j 


Where P « longitudinal compressive fo. ; 

A =■ area of .section ; 

Mb “ bending moment due to transver.se load ; 

T “ distance from neutral axl^ to extreme fibers; 

I — moment of inertia; 

I =« length of beam ; 

E ^ modulus of ela.sticity; 
c = coefficient. See Tran,sver.sc Stiengf li, ^ 108. 


Joints. 

199. Pin PlateM. Where a pin passes through one or more shapes of 
some memt^r, if often happens that the combined surfaces of the truss mcm- 
be« alone, in contact with the pin, are insufficient to transmit, by bearing, all 
of the stresses to be delivered to the memljer. There is then danger of 
crushing the material which presses against the pin. To obviate this, other 
shapes, usually flats and called pm plates or reinforcing plates, are riveted 
to the member; giving, in all, sufficient bearing surface fur the pm. See 
Fig. 65; where the letters denote: 

AA, angles, W, web, F, filler, 

C, cover, P, pin, 0, outside pin plate, 

B, bar, J, jaw, T, batten plates. 




199. In Fig. 66, the two channeU form the whole member (except the lai* 
tloing, which cannot be included to resist compression) and the pin passes 
through both channels. In the case of a built-up chord aecilont or of an 
end post; Fig. 53. however, the webs form only a part of the section; 




JOINTS AND PINS. 


. 7 {\ /mUt 

while the cover, the angles and the flats can receive no ^ r# 

t he pin, but must rfKiei ve it indirectly from the web flJJu trOUl iwt * 
attached to it. 

2()0. Wlicre a pin plate is placed on each side of the web, the outside one 
must, accortlmg to most specifications, cover the angles; and there must, in 
addition, bo a ‘‘flUer** between it and the web, 

201 . iMiKiniHirs rliffer as to the manner in which the stresses are actually 
1 1 ausferred through the several parts of a pin connection. We may assume 
that the stresses in the pin plates are delivered almost directly to the shapes 
of the member. Thus, the outer reinforcing plate probably delivers most or 
all of its .stress to the angles, and little or none to the web. 

202. In each angle, those rivets which pass through the inner pin plate 
must tran.smit, by means of their bearing against the angle, the sura of the 
.stresses which they take by shear from inside and from outside. In other 
words, these rivets are in double shear. 

Pins. 

203. The pin must be de.signcil to resist bending stresses from the mem- 
iiers through which it parses. It is also subject to shear, but this is seldom 
a critical point. 

204. The pin requiring the greate.st cross-section is usually either the one 
at the middle of the span and in the lower chord, where the chord stresses 
arc greatest, or the one at the joint between the end post and the top chord ; 
lull, as the pins arc relatively .small members, all the other pins are, for the 
sake of uniformity, usually made of the same .size with it. 

Bridge 


Piir. 56. 

Expansion Bearings. 

205. Expansion bearings usually consist of a nest of carefully turned 
rollers piaoM between two planed surfaces, shown in principle in Fig. 57. 

206. The rollers are steel cylinders, from 3 to 6 ins. diam. ; and 1 to 4 
ft. long; planed smooth. From 4 to 8 or more of these are connected to- 
gether Iw a frame, and one such frame is placed under at least one end of the 
truss. The rollers rest upon a strong planed cast bed-plate; bolted to the 
masonry below. Under the end of the truss is a .similar plate by which it 
rests on the rollers. Since a truss of even 200 ft . span will scarcely change ite 
length as much as 3 ins. by extremes of temperature, the play of the rcdlers is 
but small. They are kept in line by flanges cast along the side of the bed- 
plate. Flanges should also project downward from the upper bed-plate, 
so as completely to protect the rollers from dust, rain, etc. 

207. The total displacement* allowed for the free end of the truss, is 
usually specified (see Digests) ; otherwise it maybe taken as , 

145,000 ' 

where T and t - the max. and min. temps, respectively, in degrees F. The 
min. temp, to be expected may be obtained from Weather Bureau records 
of temps, in the shade, but the max. should be taken 20® or 30® higher tlum 
that of the Weather Bureau; because, in bright sunshine, the bridge will 
become much hotter than the air. 

208. Rockers. Inordertorestrictthelengthof the bearing, where the 
displacement is moderate, rockers, Fig. 62, are often used instead of rollers. 

209. For other regulations and .suggestions regarding design of rollM 
bearings, see Digests of Specifications, and Figs. 60 and 61. 
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Loads, Etc. 

210. Loads, Clearance, etc., for HiRhwaF Brldj^es. See also 

Digests of Specifications for Bridges. 

Weights of crowds. At the Chelsea bridge, London, picked men, 
packed upon the platform of a weigh-bridge, gave a load of only S4 lbs. per 
sq. ft. At Buckingham Palace, men, wedged as closely as possible upon a 
f>pace 20 ft. m diameter, the la.st man loweicil from above, among the others, 
gave 120 lbs. per sq. ft. But modern experimenters have easily obtained 
loads of from 140 to 150 Ib.s. per sq. ft. With picked men, averaging 102.2 
lbs. each, all facing one way, 'carefully packed, and confined witniu an 
enclosure 6 ft. square (0.9 sq. ft. per man}. Prof. L. J. Johnson, at Harvard 
University, obtained a maximum of 1S1.3 lbs. jier sq. ft.* See also page-' 
755, etc. 

Where the enclosure of the space is such that portions of the persons, 
standing against the enclosure, may [iroject beyond it, the load, per unit of 
space, IS of course increased; and, with small areas, this increase may be 
relatively important. 

Camber, 

211. Amount of Camber. If wo divide the span in feet, by .50, the 
quot. will ordinarily be a sufficient camber, in inches. This amounts to 1 ir> 
600. The camber to be used is. however, usually stipulated in the specifica- 
tions. See Digests. A well-built bridge, of good design, should not, undef 
its greatest load, deflect more than about one inch for each ItX) feet of its 
span, or 1 in 1200. Indts'd, the dellecfion is frcquenll.\ niueh less than this 

212 . The excess of length of the upper chord over that of the lower one, 
given the span, the depth of truss and the camber, will be 

S X depth X ouniber 0 ,,^ 

span 

This rule applies closel,\ with any camber not exci'cding 0.02 of 
the span. 

213 . Ixsngth of diiigunal c 6, Fig. 5S, c 6 - s'a -- a 6^’; 

, , , , , , oh — c n 

where a c - depth of truss, and a b — c n •¥ - - . 

214 . Sometimes the elongation or shortening, produced by 
the loading, is computed for each member, and the length of each luemhiq 
affected is oorrospondiugl.v changed. Se<> Deflection.s, • f 162, etc. 

ExainploN. 

213 . Figs. 59 (a) to (u), to a uniform scale of 1 inch -- 60 feet, serve to 
indicate current practice respecting the l.\pes selected for different spans, 
the relation between span, panel length and depth, the sjiacing of stiffeners 
in plate girders, the arrangcinent of chord and wefi members, the use of rigid 
and ffezitile members, I'ounters and turnbuckles, in trussi's, and, approxi- 
mately, the dimensions of rigid members and of guswt philips, os seen in ele- 
vation. 

216 . In each case the left half of the span is shown, and the center line of 
the span is indicated tiy a doi-aml-dash line. Througli spans and deck spans 
are distinguished by the elevation of tfie roadwuv, as approxiniHtcl> indi- 
cated at the left support. 

217 . In Figs. A to q, repre.s^mt mg misses, rigid members are indicated by 
double lines, flexible mernficrs m veriieaLs and rnuin diagonals b> single lines, 
and counters by dotted lines. In pm spans, to avoid confusion, the rigid 
members are showm cut off near the pins. 

21 5. Figs, (a) to ( 0 ) represent standard designs, from 25 to 200 ft. span, by 
Mr. Ralph Modjeski, C.E., for the Northern Pacific Itailway Co.; Fig. (i>) 
a 250 ft. railroad span designed liv tlie Pencoyil Works of the American 
Bridge Co.; Fig. (q) a 20H It, railroail span by the Phomix Bridge Co.; Figs, 
(r) to (J) designs for riveted tru.sses l»v th(' Klraira Works of the American 
Bridge Co.; and Fig, iu) a riveted nnlrtiad bridge, of 102 ft, span, designed 
by the Pencoyd Work.s 


♦Journal, Ass'n F.ngng Socs, Jan., 1905, 



c n 


Fig. 56. 
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220, Fig. (r) represents a 128 ft. span for the New York Central and Hud- 
son River R. R., and Figs. («) and (<) spans of 143 ft. and 160 ft. respectively 
for the Delaware, Lackawanna and Western U. H. Figs, (r) and («) are modi- 
fications of the Baltimore truss, Fig. 15 (6), and Fig (0 is a quadruple* Warren 
truss. Fig. (s) is a skew span. Fig. («) is a “pony’’ span. 




KL 

m ^ 


rig. 59 (r). 




Fl«r. 59 it). 



PI*. 59 (u). 


t21. Details. Figs. 60 to 65 show a few details of trusses and of plate 
gilders. 

Z22» Figs. 60 and 61 show left end connections of two through truss 
bridges (with roller bearings) designed by the Pencoyd Works; Fig. 61 
representing the 250 ft. through pin spaa shown in Fig. 59 ip), and Fig. 60 
a 124 riveted through span, showing the portal bracing. 
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weights of steel railroad bridges designed for two locomotives of 
146 tons each, and a uniform train load of 4000 tbs. per foot of track. The 
weights include the two beams, girders or trusses of one single-track span, 
with their bracing, metal floor system and end bearings. For wooden floor 
system, add 400 ibs. per lineal foot. For pin-connected spans (130 to 200 
ft.), the three dash diagrams show, respectively, the weights of two trusses 
alone, of two trusses and bracing, and of two trusses, bracing and metal 
floor. The solid curve includes weights of end bearing. 

For weights of combination (wood and iron) railroad bridges, see t 249. 

Highway bridges differ so widely, as to service and design, that it is 
scarcely practicable to give here useful data as to their weights. 


List of Large Bridges. 

Each bridge here given is believed to be (1902) the largest of its type is 
^be world. 


Type 

Spanning 

At 

Span, ft 

Built 

Truss, 

. .Ohio River 

Louisville 

553 

1893 

Swing 

. . Missouri River 

Omaha 

520 

1894 

Suspension, ... 

. . East River 

(“Brooklyn”) 

New York 

1595 

1883 

Suspension, . . . , 

, . .East River 
(“New”) 

New York 

1600 

• 

Arch (metal), . . 

. .Niagara River 

Niagara Falls 

840 

1898 

Arch (stone),.., 

, .-.Petruff Valley 
. .Firth of Forth 

Luxembourg 

277 

a 

Cantilever, . . . . 

Queensferry 

1700 

1890 


The highest iriaduct is the Gokteik Viaduct, in Burmah, with a maximum 
height of 320 ft., and a total length (composed of short spans) of 2260 ft. 
bufltinlOOl. 


Timber Trusses. 

296. Timber ia now becoming so expensive, except in unsettled regions, 
and the labor of designing so cheap, that it ia no longer found to ^ good 
practice to use unneceaaarily heavy timbers, simply for the sake of being "on 
the safe side" and avoiding computations, lienee, in important bndges, 
every part of each member under stress is usually computed. On the other 
^nd, the strength of wood is so uncertain an element that, when in doubt, 
it is best to adopt that assumption which will require the larger section; ana 
ample factors of safety should be used. 

227. UompreMSlon niemberfi are designed as columns (see Columns, 
pp 495, etc., and Wooden Columns, pp 963, etc.) ; and, if subjected to transverse 
stresses as well, these also should Se carefully taken into account All holes 
and other reductions of section must of course be deducted from the gross 
section. 

928. In the tenaton memberii also, all reductions of section must be 
eonsidered; but iron of steel rods are now generally used, in place of wood, 
in tension members. 

229. In addition, care should be taken that the timber can withstand 
any crushing; or Hhearing stresses that may come upon it or be set up in 
it. Thus, the ends of posts should be investigated, to see that they are safe 
against crushing. Where a post meets another member at an inclined angle 
and is to be notched into it, it is economy to compute the depth of notch re- 
(;pred; as, the deeper the notch, the greater the gross section required fo«^ 
the notched member. Where bolts are fastened to timbers by nuts, washers 
should invariably be placed under the nuts, and the site of washer, necessary 
to prevent crushing the wood, computed. 

290. Where the wood is subjected to shearing, as where a bolt, passed 
through a timber, transmits stress by the bearing of its side against the inside 
d the hole, or where there is a step or table which may be sheared off by the 
pressure of another piece against it, it should always be seen that there it 
Ancient surface along the grain of the wood to take the shear, and some 
auowanoe should be made for the possibility that the grain may run out to 
Ite Burfaos or to some hole before all the stress can be transferrra. 


* Under oonstruetion. 1902. 
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231* Cross-section of Upper Chord. Since it would be inconve- 
nient, in practical construction, to change the section of a timber upper chord 
at different points, it is designed throughout to withstand the maximum 
stress occurring between any two panel points. Assume width of chord 

memlier. Find r* “ (least radius of gyration)* «=» — , Find allowable 

unit stress according to column formula given in specifications or adopted, 
using the given maximum stress. Find area required for this imit stress. 
Find the resulting depth, which for a horizontal or inclined member is pref- 
erably somewhat greater than the width, to allow for bending moment due 
to its own weight. If this does not give a good commercial size, it may bo 
well to revise, m order to obtain a better section. 

232. Struts are preferably made as wide as the upper chord. Each strut 
must be designed separately. Obtain r*, allowable unit stress, etc., as for the 
upper chord. For economy, the struts should average nearly square, even 
though it should be necessary to alter the section of the upper chord in order 
to prevent wide deviation from a square section. 

233. The vertical ties (of iron) may now be designed. Area of cross- 

maximum streas ^ .... „ rrv 

section - -TT — L , r. — — . But see Minimum Section, H 187. The 

allowable unit stress 

size of a nut is usually fixed by the diameter of the rod, but the washers 
should be so designed as not to crush the wood. 


234. The bearings or Indentations, required in the upper and lower 
chords to hold the inclined members in place, may now be computed. The 
component (in the strut) perpendicular to the face or faces agmnst which it 
presses, is computed, and the necessarv depth obtained, assuming the width 
of the lower chord the same as that of the upper chord and the .struts. 


235. The section of the lower chord may now be decided upon, since 
the reduction of section, due to indentations, is known. 

maximum stress 


Area of net crt>ss-soction > 


allowable unit stress 
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236. End Joint. Fig. 67. Many different designs for end joints have 
been made, proposed ana discussed. The ends of the straps should enter 
notches in the lower chord, to such a depth that the total stress, taken by ^ 
end fibers of the sides of the notche^ is equal to the stress that the ends of 
the straps can resist by bending. This depth can bb foimd b^ successive 
trials, or by means of two algebraic equations, in which the maximum allow- 
able pressure and the depth of notch are the two unknown quantities. 

Determine the shearing surface required to transmit this stress to the body 
of the lower chord. This will also determine the space between the notohra 
4ind the end of the lower chord. Compute the stress (if anv) that remmus to 
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be transferred, and design the long inclined bolts and their washers accord* 
ingly. Compute also the compressive area and depth of vertical face of 
lower end of upper chord, required to transmit the horizontal component of 
its thrust. See also that the lower bearing presents sufficient surface to 
resist the vertical component. The keys, between the bolster and the lower 
chord, must be designed to carry the horizontal component of the wind. F or 
safety, friction between the two parts should be neglected. 

231* Figs. 68 show joints adapted to most of the ca.scs that occur in 
practice with wooden beams, etc. They need but little explanation. Fig, 
(a) is a good mode of splicing a post; in doing which the line o o should never 
^ inolined or sloped, but be made parallel to the axisjof the post ; otherwise, 
in case of shrinkage, or of great pressure, the parts on each .sifle of it tend to 
slide along each other, and thus bring a great strain upon the bolts. When 
greater strength is required, iron hoops may be used, as at 6, A and j, instead 
of bolts. Fig, (6) shows a post spliced by 4 fishing pieces; which may be 
fastened either by bolts, as in the upper part; or by hoops, as in the lower. 
The hoop.s may be tightened by flanges and screws as at «; or thin iron 
wedges may be driven between them and the timbers, if necessary. Fig. (' 
shows a good, strong arrangement for uniting a straining-beam k, or i after 1. 
and a queen-t>ost u; by letting k and I abut against each other, and confining 
them between a double queen-post i t; n n are two blocks through which 
the bolts pass. A similar arrangement is equally good for uniting the tie- 
beam with the fcH)t v, of the queens; with the addition of a .strap, as in the 
figure. Fig. (e) is a metliod of framing one beam into another, at right angles 
to it. An iron stirrup, as at /, may be used for the .same purpose; and is 
stronger. Figs, g h, i ; are built beams. When a beam or girder of great 
depth is required, if we obtain it by merely laying one beam flat upon an- 
other, we secure only as much strength as the two oeams would have if sep- 
arate. But if we prevent them from sliding on one another, by inserting 
transverse blocks or keys, as at g; or by indenting them into one another, as 
at i j; and then bolt or strap them firmly tog'_thcr to create friction ; we ob- 
tain nearly the strength of a solid beam of the total depth ; which .strength is 
as the souare of the depth. See Horizontal Shear, H 51, under Transverse 
Strength. 

238. The strength of a built beam is increased by increa-sing its depth at 
its center, where it is most strained ; as in the upper chord'^ of a bridge. 'J his 
may be done by adding the triangular strip y y between the two beams. 

239. A piece of plate-iron may be placed at the joints of timbers when 
there is a great pre-.-Miro; which is thus more equally distributed over the 
entire area of the joint; or cast iron may be used. 

240. Frequently a simple strap will not suffice, when it is neces.sar>' to draw 
the two timbers very tightly together. In such cases, one end of each strap 
may, at x, terminate as a .screw; and after passing through a cross-bar Z, 
all may^e tightened uji by a nut at x. Or the principle of the double key, 
shown at K, may be applied. Sometime.s, as at A, the hole for the bolt is 
first bored; then a hole is cut in one side of the timber, and reaching to the 
bolt-hole, large enough to allow the screw nut fo be inserted. This being 
done, the hole is refilled by a wooden plug, which holds the nut in place 
Then the screw-bolt is inserted, passing through the nut. By turning the 
screw the timber.s may then be tigh tenet! together. 

241. When the ends of lieams, joists, etc,, are inserted into w'alls in the 
usual square manner, there is danger that, in case of being burnt in two, they 
may, in falling, overturn the wall. This may be avoided by cutting the ends 
into the shape shown at m. 

242. When a strap o. Fig. R, has to bear a strain so great as to endanger 
Its crushing the timber p, m which it rests, a casting like v may be used under 
it. The strap will pass around the back r of the casting. The small projec- 
tions in the bottom, being notched into the timlKir, will prevent the casting 
from sliding under the oblique strain of the strap. The same may be used 
for oblique Dolts, and below a timlier a.s well as above it. When below, it 
may b^ome necessary to bolt or spike the casting to the under side of the 
timber. When the pull on a strap Is at right angles to the tirolier, if there 
is much strain, a piece of plate-iron, instead of a casting, may be inserttwl 
between the stnua and the tiir^l>er, to prevent the latter from being crushed 
(>r crippled; see I and 1 
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343* Lower Chord Splice. Owing to the length of the lower chord, 
it may be necessary to splice it, as in Fig. 69, where the splice is a tabled fish- 
plate joint. The number of tables to be used is largely a matter of trial. The 
use of too many ^bles involves too much carpentry, and consequent uncer- 
tainty as to distribution of pressures, while the use of too few requires deep 
notches, which may too greatly reduce the section. These tables must be 
designed to resist bearing against their ends, and to resist being sheared off. 
Bolts should be passed through, especially at the ends of the fish-plates, to 
prevent them from bending outward ; and the wa.sher8 should be so designed 
jts to transmit safely to the wood alt the stress that can come on the bolt. 



Fig:. «». 


244. Fig. 70 shows a lower chord splice used in connection u ith the stand- 
ard combination (timber and iroiO Howe truss bridges of the Chicago, Mil- 
waukee & St. Paul Railway See 11 f 249-251, Figs. 73 Four of the clamp- 
blocks shown are required for each joint, a block being placed upon each side 
of each stick to be spliced The two opposite blocks forming a pair are held 
together, and against the stick, by four through bolts; and the cylindrical 
lugs, cast on the surface of each block, enter corresponding holes, bored in 
the face of the stick. The two blocks on the same side of a stick are held 
together by the hooked clamp-bar. The clamp-key is driven between the 
left hook and the beveled key-seat on the left block. 



la 9 O j 9 ■ B 


Flip. 70. 

945* Figs. 71 illustrate a small wotnlen Howe truss bridge. The top 
and bottom chords are each made up of three or more parallel timbers c c c. 
placed a small distance apart, to let the vertical tie-rods r r pass between 
them. The main braces, o o, are in pairs or in threes. The pieces compos- 
ing them abut, at top and at bottom, against triangular angle blocks, a; 
which, if of hard wood, are solid: and, if of oast iron, hollow, Fig. (d)* and 
strengthened by inner ribs. These blocks extend across the three or more 
ehord pieces. Against their centers abut also the counterbraces e. These 
are single pieees in small bridges ; or in pairs, in large ones ; and pass between 
the pieces which compose a main brace. Where the wooden braces and 
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eounters cross, they are bolted together. In Fig. (d), the dotted lines show 
the strengthening nbs; and the lug, x, keeps the block in place. The v^ical 
tie-rods r r, of iron, are in pairs, threes, or fours, etc., according to sise of 
bridge ; with a screw and nut at each end. The heads and feet of the bracM 
and counters abut square against the angle blocks; and are often kept in 
place only by tightening the screws of the vertical ties. The end posts, p 
and d, the end ties, i c and b y, and the horizontal extensions, g % and b, of 
♦he upper chord, form no part of the truss proper. 




346* In large spans, to prevent the pressure at the ends of the diago- 
Hals from crushing the chord.s, the angle blocks are sometimes cast with deep 
projecting flanges under their bases. These flanges, passing between the 
pieces which CvUnpose a chord, extend to the opposite face of the chord. 
There the flanges bear upon broad washers at the ends of the vertical rods. 



247. A common form of lateral bracing, Fig. 72, resembles a Howe 
truss laid flat on its side. In it the diagonals of the cross are struts of tim^ber; 
and the pieces r r are round roas. One of the struts is whole, with the excep- 
tion of a slicfht mortise on each vertical side, at its center, for receiving tenons 
out on the inner ends of the two pieces which compose the other diagonal. 
At the sides of the chords, the ends of the diagonals rest upon a ledge (snown 
by the dotted line t 0, about inches wide, cast at the bottom of the oast- 
iron angle block. The tie-rod r r, passing through the chords of both trusses, 
Iwing tightened by means of the nut «, holds the diagonals firmly in place; 
and, in case of their shrinking a little in time, they can be again ti^tened up 
by the same means. 

The oast angle block is as deep as a brace; its thickness need not exceed 
ball an inch, in a large bridge. It has holes for the passage the rod r » 
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248. Dimensions for each of two trusses of a single track Howe 
bridge for highway or suburban electric railway, with cars weighing 20 to 
26 tons each. Timber not to be strained more than 800 lbs. per sq. inch; 
oor iron more than 5 tons per sq. inch. Iron supposed to be of rather supe- 
rior quality, requiring from 25 to 27 tons (60.480 lbs.) per sq. inch to break it. 
The rods to be upset at their screw-ends. To each of the two sides of each 
lower chord is supposed to be added, and firmly connected, a piece at least 
half as thick as one of the chord pieces, and as long as three panels, at the 
center of the span. 
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249. Standard “combination” (wood and iron) Howe truss rail- 
road bridges, Chicago, .Mdwaukec<& St. Paul Railway, 1891-1902. 

The bridges are designed for a tram load of 4000 tt)s. per lineal foot. 
Wind stresses are computed for a pressure of 500 Itis per lineal foot ot 
train. Compressive 8tres.*>es in braces, max. 505, min. 92 tbs per sq inch. 
Tensile stresses; in main truss roils, max. 12,450, min. 8500 Iti.s per sq. 
inch of net area at root of thread. Lateral rods, max. 15,000 lbs. persq. 
inch of net section. 

Timber. Cross-tie.s and guard rails, white oak ; top chord packing blocks, 
white pine; all other timber, white or Norway pine or Douglas fir. 
Combination Bridges, Chicago, Milwaukee & St. Paul Railway: 


Total length. 








feet,* 

82 

93 

103 

114 

125 

136 

147 

Span, feet,*. . 

77 

88 

99 

no 

121 

132 

143 

Panels, .... 

7 

8 

9 

10 

11 

12 

13 

Upper chord, . 

4, 7x10 

4. 7x10 

4. 8x10 

4, 8x10 

4, 8x10 

4. 8x10 

4. 8x12 

Lower chord, t 

4, 7x14 

4, 7x14 

4, 8x14 

4. 8x14 

4, 8x15 

4, 8x15 

4. 8x15 

Main braces, 
M; 

At center, t 




2, 10x10 

2. SxlO 

2. 10x10 

2. 10x10 

2, 10x10 

2, 10x10 

2. 10x10 

At ends, . . . 

2, 10x12 

2, 12x12 

I i 

2,12x12 2, 12x14 

2,12x14 

2,14x14 

2, 14x14 

Counters, C: 





At center, t 

2. 8x10 

1, 10xl2| 

1,8x10 

1,8x10 

1. 8x10 

1, 10x12 

1.8x10 

At ends, . . , 

1, 8x8 

1, 8x8 

1,8x8 

1,8x8 

1,8x8 

1, 8x8 

1,8x8 

Vertical rods: 




At center, t 

1 3.1i 

3. U I 

3. U 

3. n 

3. If 

3, U 

1 3. If 

At ends, . . . 

! 3, 2i 

3. 21 

3. 2} 

(3. 2} 

) 2. 2 

3, 2* 

2. 2 

3. 2t 

2. 2 

3. 2i 

2, 2 

Weight, ib8..| 130,300 

155,500 

182,000' 209,400 

233,100 

259,900 

m.soo 

1 



' * 



. „ . 




* Lengths and spans are given to the neare.st foot. The panel length is 
10 ft. lli ins. Each span is longer, by one panel, than the next preceding. 
Depth, in all cases, 25 feet m clear of chords. Width, 14 ft. 6 ins. in clesA 
between chords. 

t For lower chord splice, sec Fig. 70, t 244. 

X Owing to the fact that the spans have alternately odd and even numbeni 
of panels, there is some ambiguity as to the dimensions of web members 
center of span. 

i Weight includes t he two trusses, bracing and floor system for one single- 
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250. In all spans, lateral* bracing, 6X6 ins. at center, 8 X S ins. at ends, 
of span; lateral rods, li ins. at center, li to 1| ins. at ends; collision struts, 
8 (one at each end of each truss), 6 X 14 ins. ; transverse portal brace, B, 
between ends of upper chords (one at each end of brid^), 10 X 12 ins.; 
di^onal portal braces, D (two at each end of bridge), 6X8 ms. 

The door beams are 10 X 16 ins., 20 ft. long, 14 ft. clear span, and 2 
ft. 6 ins. apart center to center. The strinwrs are 5 ins. wicle^ 12 ins. deep, 
placed as shown in the end view. Fig, (6). Ties, 8 ins, wide, 6 ms. deep, 1 ft. 
apart, center to center. Guard rail, 8 ins, wide, 5 ins. deep. Under each 
end of the lower chord are two timber wall plates, 12 X 12 ins., 20 ft. long. 

251. Figs. 73 show the 99 ft. span. Fig. (a) is a side elevation of half 
the span with top and Viottom lateral bracing and flhor system; Fig (b) a 
half end elevation, showing portal bracing; Fig, (c) a panel point con- 
nection (the same for upper and for lower chord); Fig. (d) a ca.st-iron 
angle block for same; and Fig. (t) a cast-iron angle block for lateral bracing. 


• Metal Roof Trusse.s. 

252. Among the types commonly used for metal roof trusses are the trian- 
gular truss. Fig. 26. and the arch trus.s; the triangular tru.ss being usetl for 
short spans, and the arch truss for long spans. See *1;^ 255, etc., and 
Fig. 75. 

253. In roof trusses of short .«man, carrying light load.s, the minimum 
sections prescribed in bridge specifications will often suffice for all the mem- 
bers. The connections are made by means of rivets and flat plates, some- 
what as shown in Fig. 74. 



Fig. 74. 


254. In designing such trusses, no matter bow light the stresses, care 
should be taken to avoid eccentric loadings, which are apt to occur where the 
members are not repeated symmetrically on both sides of the flat plates. 

255. Train-shed Roof, Broad Street Station, Pennsylvania 
Railroad* Philadelphia. Figs. 75 (o) to (/), Built 1893 by Pencoyd 
Bridge and (instruction Go., erectetl by Railroad C<». Span, 300' 8"; ri.sc, 
108' 6*'; length, 689' 21", Twenty truases, arranged in 10 pairs, J pairs 
shown in Fig. (c), 

256. Each truss consists of two arched rafters, A B and B C, and a hori- 
xontal chord, A C, with three pin joints. A, B and Fig (a). 

Each rafter is composed of two chords, 14 radial braces and 26 diagonals. 
For the sake of appearance, the chords are extended across the top panels, 
occupied by the two triangular ai>ex members, and are there connected by 
a sliding joint. 

^7. The horizontal chord AC, Fig. (o). lies below the floor of the 
train-ehed, and is suspended, at intervals, from girders which support that 
floor and which are carried by iron columns in the Iciwcr story. 

258. End bearing. One foot of each truss rests utKin a fixe<l shoe, bolte<l 
down to the pier; the other on a nest of 1 1 steel rollers. 

259. At Mch end of the roof, a horisontal wind truss, WW, Fig. (a), is 
gusp ended from the rafters, its ends resting upon brackets riveted to tneif 
lower chords. 
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200. Between these ^lorieontal wind trusses and the rafters, and just be- 
hind the glass curtain closing each end of the roof, are placed vertical 
wind trusses (not shown), with horizontal and diagonal bracing, in planes 
normal to the mam trusses. These vertical trusses are hung from the 
lower panel points of the rafters. Fig. (a). They re.sist the wind pressure on 
the curtain, and transmit it, through the horizontal wind trusses, to the 
lower chords of the rafters. 

261. Two rafters, AB and BC, Fig. (a), of one tru.‘-s, together weigh 
i:i8.(X)0 lbs.; chord (two lines of eye-bars) 16,000, total 154,000 lbs. One 
pair of trusses, 308,()00. Framework of entire train-shed, including trusses, 
purlins, rafters and wind bracing, about 7,000,000 ft)S. 



262. Assumed extraneous loads, in lbs. per sq. ft. of ground plan: rafters 
9 5; laterals and purlins, 7.5; ventilator and skylight framing, 9.5; covering 
and skylights, 15; snow, 17; wind, 35. 

263. The traveler. Figs, (a) and (/), ^as of timber, and was so designed as 
to permit the use of the old train-sheds while the new roof was being erected. 

264. The top section, from apex to joint 9, Figs, (a) and (c), was riveted 
up at mill and placed in position a.s a whole, as was also the foot section from 
joint 27 to the top of the triangular foot. The remainder was riveted on the 
traveler. To erect one pair of trusses, with the purlins, etc., connecting it 
with the pair last erected, required about 10 days. Shifting the traveler 
through a distance about equal to its own length, to receive the next pair of 
trusses, required about 3 minutes, and was done by means of the engines used 
for hoisting. 
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86u. Dimensions of Arched Roofs of Larse Span, 



Arches. 

'i Roof. 

! 

1 

Span. 

Rise. 

j Length. 

Area 

Covered. 

Train>sheds. 

ft. ins. 

ft. ins. 

j ft. ins. 

eq. ft. 

Pennsylvania Railroad, 
Philadelphia. Broad 

Street Station, 

300 8 

108 C 

i 

589 2 

1 

177,1.50 

Pennsylvania Railroad. | 
Jersey City 

00 

Cl 

90 0 

652 6 

164,900 

Phila. & Reading Railroad, ; 
Ph iladel phia . ‘ ‘ Reading 
Terminal,” Market St., . . 

2.V.. 0 

88 3 

506 8 

131,250 

New York Central & H. R. 
R. R., New York. Grand 
Central Station, 

199 ?. 

94 0 

! 652 0 ' 

129,856 

Midland Railway, London. , 
St Pancras Station 

240 0 

107 0 

: 

700 0 

169,400 

Cologne, Germany. Nave, ' 

209 7 

78 8 ! 

! 830 0 i 

' 1 

175.200 

Exposition Buildings, i 

Machinery Hall, Pari.s, 
1889. Nave 

362 9 

149 0 

: ! 
1 

1,380 0 1 

500,600 

Manufactures and Liberal 
Arts Building. Chicago, i 

1893 1 

1 

368 0 

1 

206 0 j 

1 1 

1,268 0 

466.600 


Timber Roof Trusses. 

386. Dimensions for small timber roof trusses, Fiaa. 43 to 47. 
*5^ 148, etc., of white pine. Span — 4 X ri.ie. Combined weight of trusses, 
roof and load, including snow and an allowance for wind, 40 lbs. per square 
foot of roof surface. Trusses 12 feet apart, center to center. Safety factor 
— 3; b •“ breadth; d — depth. For Fig. 46, struts 4 5 X 4.5 ins. would 
suffice : but, for practical reasons, the struts are generally made as wide a? 
the rafters. For Fig. 47, the straining beam is 12 X 12 ms. For Figs. 45, 
46 and 47, two sets of dimensions are given; the first for chord unloaded ; the 
aeoond for chord loaded with 100 tb.s. per square foot. 
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TRANSPORTATION AND ERECTION. 

267. Girders should be loadedfor transportation on flat cars, with web 
vertical, and with bearings at the points distant i span from the ends. Where 
too long for two cars, one or more idle spacing cars are used and the points 
ot support are pivoted. 

268. Girders may be erected by means of gin pole.H, derricks, gallows, 
etc., or they may be skidded from the cars and lowered to place by jacks and 
blocking. Gin poles should have at least four guys, with tackles, for easy 
adjustment. Hoisting may often be done by means of a locomotive running 
on the tracks of that part of the structure which is already completed. 
Ropes are used at about i their ultimate strength. 

269. Viaducts are usually built from above, by mean.s of an overhead 
projecting traveler. Sometimes by means of a cableway; but this method is 
>low In some cases the tra t^elmg tower is on the ground, and reaches to the 
top of the viaduct Or, the viaduct may be erected by means of false-work, 
or from iiu existing structure. 

270. Long span bridges are usually built upon a platform of (pise- 
Miork or on a row of trestle bents, well braced. 

271. Erection. Upon the fal.se-work.s the lower chords are first laid, 
as nearly level «is may be. The upper chords arc then raised upon temporary 
supports which foot upon the one that carries the lower chord. The uppex 
ehoids are first iilaeod a few inches higher than their intended positions, in 
Older that the web members may readily be slipped into place. When the 
web members arc in place, the upiier chords are gradually lowered until all 
re-fts upon the lower chords. The .screws are then gradually tightened, to 
bring all the surface.s of the joints into their proper contact; and by this 
operation (the upper chord members having the necessary excp.oS of length), 
the camber Ls formed, and the lower chord.s are lifted clear of the false- 
works; the tru.sa now resting only ui>on its permanent supjiorts. 

272. False-work is ordiiiarily constructed of hemlock or pine, costing 
about $20 |>er 1(X)0 ft. board measure. Allow about $15 per 1000 ft. B. M. for 
framing, etc. $5 to $15 per 1000 ft. B. M. may usually be obtained for old 
material (“salvage”). 

The main members are usually 12 X 12 ins., and the diagonals 3 X12, 
Bolts, t inch. Owing to the temporary nature of false-work and to theial. 
vage which may be obtained for it if it is not too badly cut up, it is advisable 
to use plenty of material of good standard sizes, especially in longitudinal 
bracing, which may be placed between alternate pairs of bents, forming 
towers. 

273. In soft bottoms, tlie false-work may rest upon piles, to which 
the uprights of the false-work inav be notched and bolteil, or banded. Not 
less than 4 piles per bent should be used. As many as 24 have been used. 
Piles should be braced below water-mark. Bents should be built in stories 
of from 1 2 to 30 feet each. Connections should be made by means of side 
pieces or fish-plates. 

274. With rock bottom, in a strong current, it may be expedient to 
sink cribs filled with stone, as a foundation for the faLso-work. 

275. The erection of rantilevers and suspension bridges requires 
much time; but their use is often necessitated by the impossibility of erecting 
false-work. 

276. Renewal of bridges may ^ accomplished by displacement; either 
by protrusion, w^here the new span is skidded longitudinally along the track; 
by transverse displacement, where both old and new spans are placed on 
tracks running normally to the bridge; by vertical displacement, either ris- 
ing or descending; or by pivotal displacement, the old span swinging out 
about a pivot, and the new sp in swinging into place about another pivot. 

277. Cautions. In erection and renewal, consider dead weight of 
bridge, effect of impact of current oi stream, impact of boats, ice, driu, ete.,' 
especially when floods are to be apprehended, and strains of hoisting tackle 
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for rigidity, a liberal safety factor must be used. Drift may pile up and 
form a dam. Trestle bents, in the water, increase the velocity and scour 
of the current, and may thus cause undermining. False-work may be jiro- 
tected arainst drift by fender piles. Provide against eccentricities of wind 
stress. Numerous accidents have shown the expediency of guarding the 
unfinished truss itself against high winds. All lateral and other wind 
br.acing should be in place, and secured, before the false-works ere re- 
moved and the trusses allowed to re.st upon their final bearings. 

Avoid dropping tools, etc. Even very .small pieces, falling from a great 
height, are dangerous to life and even to the bridge. Hooks in tackles are 
liable to break or to pull out. Travelers should be well guyed and clamped, 
and carefully watched. . 
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DIGESTS OF SPECIFICATIONS FOR BRIDGES 
AND BUILDINGS. 

( 1 ) Steel railroad, highway and elecinc railroad bridges. 

(2) Combination (wood and steel) railroad bridges. 

(3) Steel roof trusses, framework and buildings. 

The following Digests of Specifications for Bridges and Buildings are in- 
tended primarily to give a general view of the essential features of current 
practice »n such matters, and only secondarily to indicate the practice of 
any particular company. 


(1) DIGEST OP SPECIFICATIONS FOR STEEL RAILROAD 
AND HIGHWAY BRIDGES. 

List of Specifications Used. 


A, American Bridge Company. 

General Specifications for Steel Railroad Bridges, 1900. 

Aa, American Bridge Company, 

General Specifications for Steel Highway Bridges, 1901. 

Bf Baltimore & Ohio Railroad Company, 

General Specifications for Railroad and Highway Bridges, Roofa 
and Steel Buildings, 1901. 

C, Cooper, Theodore — , . , . , , , 

General Specifications for Steel Railroad Bridges and Viaducts, 
1901. 


Cc, Cooper, Theodore — , . „ 

General Specifications for Steel Highway and Electric Railway 
Bridges and Viaducts, 1901. 

D, Delaware, Lackawanna & Western R. R. Company, 

Specifications for Steel Railroad Bridges, October, 1899; revised 
to July, 1900. 

E, Erie Railroad Company, 

General Specifications for Bridges, 1900. 

G, General practice 

Oo, Osborn Engineering Company, 

General Specifications for Highway Bridge Superstructures, 1901. 
P, Pennsylvania liailroad Company, 

Standard Siiecifications for Steel Bridges, January 1, 1901. 

Ry Philadelphia & Reading Railway Company, 

Specifications for Steel Bridges, 1898; revised February, 1901. 

Y, New York Central A Hud.son River R R. Leased and Operated Lines, 
General Specification.s for Steel Bridges, 1900. 


I. GENERAL DESIGN. 

Limiting Spans for Different Types. 

Beams and Girders. A Aa B C Cc D T 

ft ft ft ft ft ft ft 

Rolled beam.s, solid 


floor, etc up to up to up to up to up to up to up to 

20 40 20 20 40 20 25 

Plate girders, 20 to 25 to 20 to 20 to 20 to 20 to 25 to 

100 80 100 120 80 100 100 

Riveted trusses, 100 to 40 & 100 to 75 to 40 & 90 to lOu to 

140 over 120 150 over 160 200 

Pin trusses over over over over over 150& 200 A 

140 140 120 120 120 over over 


Riveted trusses,* under 100 ft; pin trusses, over 100 ft, 6o. 
Depth of truss, min, =* one-eighth of span, Oo. 


* Unfortunately called “lattice girders,” A) “lattice trusses” ant) 
riveted lattice girders,” C j “ rivet^ lattice trusses,” D, Y. 
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Classification of Highway and Electric Railroad Bridges. 

Aa Cc 

{ Al* City bridges having buckle-plate floors, and paving on concrete 
base. 

A2* City bridges having plank flooring. 

B B* Suburban or mterurban brulges for heavy electric cars. ‘ 

C C Town or country bridges fo»- light electric cars or heavy loads 

D D Country bridges for ordinary highway traffic. 

El El Bridges for heavy electric or motor cars only. 

E2 E2 “ “ light .. *• a 


Camber. 

Top chord panels longer than lower chord panels by one-eighth of an inch 
in 10 ft - 1 in 060, A, B, C, E. R, T. 

Highway bridges, tnree-si.xteenths of an inch to every 10 ft, Cc. 

About three-fourths of an inch m 100 ft =• 1 in 1600, D. 

Sufficient to bring joints of compression chord to a square bearing when 
truss is fully loaded. Each member built longer or shorter in proportion to 
the stress to which it i.s subject under a full dead and a full live load, bo that 
under full loading it will have its normal length, Oo. 

Cross Section of Bridge. 

Gage, usually, 4 ft 8^ ins. Distance, cen to cen of tracks, 12 to 13 ft. 

Width between trusses or girders In deck apan.s. Pin spans, min, 
0.05 span. Riveted trusvc^ (D), 10 ft. Plate girdejs (G), 6 to 7 ft. Spans 
not over 60 ft. 7 ft ; 60 to 100 ft, 8 ft; over 100 ft, about one-twelflh of 
span, D. Plate girders (Y), over 60 ft, in proportion to height. 

Clearance In through spans, on tangents, G. 

a 3 to 3^ ft 
b 7 ft 
c 5 to ft 
d 4 to 6 ft 
e 10 to 14 ft 
f 1 to 5 ft 
h 20 to 22 ft 

Minimum Clearance on Curves. 

Same min clearance hh on tangent.**, A| Ditto for car 74 ft long, 48 ft cen 
to cen of trucks, 10 ft wide. B; Ditto for car 76 ft long, 54 ft cen to cen of 
trucks. Additional clearance — 0 8d inson each side; — 1 6d ins between 
tracks ; where d == degree of curvat ure =« central angle subtended bv a chord 
of 100 ft, C; increa.se lateral clearance at top of car 2.5 ms for each inch of 
superelevation of outer rad, C. Cen line of bridge bisects middle ordinate 
and is parallel to chord, Y. 

Highway Bridges. Headway. 14 ft, Oo. For cla-sses A, B, C, and 
E, min >= 15 ft, Aa, Cc; for a width of 6 ft over each track, Aa. For 
Class p, 12.5 ft, Aa, Cc. Horlcontal clearance. Mm 14 ins greater 
than width of roadway between wheel guards, Aa. For electric cars, 6 5 ft 
from cen of track, Aa; 7 ft, Cc. On curve.s. provide for a car of 45 ft extreme 
length, 8 ft wide, 20 ft between truck centers, Aa, Width between centers 
yf trusses, min =• 0.05 span, G. 

Tension Members. 

In general, hip verticals and one or two panels of lower chord at each end 
of span are required to be of rigid section, so as to resist both tension and 
compression. 

Aagles, used as tension members, must be fastened by both legs, C» D; 
or the Bection ot one Wg only wWl be consxdeTed e ffeclWe, C. 

Adjustment. 

Avoid adjustable members. A, Aa, D (P except in counters). Avoid 


*Cc, Classes A and B shall be designed to carry, at any future time, » 

double track electnc railway. 


iH- 


t 
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adjustable counters, C, Counter rods and ties in pin spans adjustable, T ; 
screw ends upset, C\ K, T, screw threads U. S. Standard, C, Cc« B* E ; diam- 
eter, at base of thread greater than in body of bar by one-sixteenth of an inch, 
D; about 10 per cent, Y t 17 per cent. Oo. 

Rods with welded heads must be of wrought iron, Oo. Loops must de- 
velop full strength of bar, Oo. 


Compression Members. 

End posts and upper chords have 2 webs, a cover plate on top flange, 
batten or tie olate, and lacing on bottom flange, G 

Not more than one plate, and that not thicker than one-half of an inch 
(in highway bridges tnree-eighths of an inch), shall in general be used as a 
cover plate, C, Cc. Cover plate must not extend more than 4 ins beyond 
outer row of rivets, D. 

Joints between sections spliced on all sides with at least 2 rows of 
•losely pitched rivets on each side of joint, C. Abutting surfaces faced A 
(D, P, except in top flanges of girders), E, R, Y. No reliance on abutting 
surfaces, E. 

Lattice Bars. 

Width, from 1.5 to 2 5 ins Thickness, in sinj^le lattice, one-fortieth, 
distance between rivets, in double lattice, one-sixtieth, G. If over seven- 
sixteenths of an inch, use angles, Oo. Angle with axis of member; in single 
lattice 60“, double 45°, G. 

Pitch width of channel 4- 9 ins.C, Cc; ii X least width of segment, P, R. 

Double lattice bars riveted together at their intersections, C, D. 

Hatten Plates. (Tie Plates, Stay Plates ) Min length generally = from 
0.75 to 1 5 X its ow-n width. Min width, 9 ins, or 0 66 X own length, or 
least width of member, Oo, Min thickness == three-eighths of an inch or one- 
fiftieth to one-sixtieth of distance between centers of rivets, G. Rivet spac- 
ing (D) max 4 ins cens. 


Pin Joints. 

Eye Bars. Thickness, min, 0 625 inch, or 0.2 X width of bar, Oo. 
Heads upset, rolled or forged, A, R. No w’elds allowed A, D, except (R) to 
form loops of lau rals, counters or sway rods, R. Upset and die-forged, Y. 
ilead.s not more than one-sixteenth of an inch thiclcer than body, B. P. 
Bars annealed, G ; before boring, B. No forge work after boring. R. Bars 
to be placed side i>y side must be bored at the .same temperature. A, Aa, Y» 
Pins must i)as8 through without driving Eye bar.s working together must 
be clamped together, and bored at one oi>eration, Oo. 

Distance between pin-holes max variation, one sixty-fourth to one thirty- 
second of an inch ; or one sixty-fourth of an inch in from 20 to 25 ft, G. 

Built Tension Members. Net section through pin hole » 1.25 to 1.50 
X net section through body of member Net seetimi back of pin hole •=“ 
0.75 X net section through pin hole, or = 0 80 to 1 (K) X net section through 
body of member, G ; proportion for double shear on section from back of pm 
to end of plate, Oo ; length of plate back of pin, min, 2 5 ins, Oo, Distance, 
back of eve to back of member, greater than radiu.s of pin, Y. 

Pin Holes. Clearance between pin and hole, from one-fiftieth to one 
thirty-second of an inch, G, 

Pin Plates or Reinforcing Plates. At least one plate on each eide 
must extend not less than 6 ins beyond edge of batten plate, G. 

Pins. Up to 7 ins diam. rolled, P; over 7 ins, forged, C. 

Diameter, min, from 0.66 X to 0.85 X largest dimension of any of its eye 
bars, G. 

Plate Girders. 

Min depth; about one-ninth to one-twelfth of span, G. 

Proportions of Web and Flange. Bending moments resisted entirely 
by the flanges, shear resisted entirely by the web plate, C, Cc, R; except 
when the web is made in one length or is fully spliced to resist the bending 
stresses, ia which case one-sixth of area of cross section of web plate may be 
considered effective as flange area, Oo. 
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One-eighth of gross area of web included in flange, A, Aa, B; if length — 
90 ft or over, E: if length is less than 50 ft, only the cover plaie and the 
horizontal lera or the flange angles are to be included in the flange area, E, 
no part of wet) included in flange, C, Cc, D, P, R, Y. 

Web. Thickness, min, three-eighths of an inch, Gj in highway bridge! 
(Cc, Oo), five-sixteenths of an inch. 

Total shear, acting on side next to abutment, to be taken as tran.sferred 
into flange angles w'ithiu distance = depth of girder. A, Aa, B, E, Oo, P. 

Web Splices. A plate on each side of web. Or at least three-eighths 
inch thick, A, B; at least five-sixteenths inch, or three-fourths as thick as 
web, and wide enough for 2 rows of rivets on each side of splice, Oo. 

Stiffeners. Generally required at ends and at points of concentrated 
load. Intermediate stiffeners required usually when unsupported distance 
between flange angles exceeds 50 to 60 X web thickness; when shear ex- 
ceeds 10,000 — 75 X , C; in highway bridges when shear exceeds 

thickness 

12,500 — 90 X . Cc; when shear exceeds vrhere t =■ 

thickness . , d^_ 

3.000 t- 

web thickness, d - distance between flanges, Oo. 

Spacing usually “ depth, or ■= 5 or 6 ft. 

Unit stress, max, 10,000 — 45 “ , C; in highway bridges, 12,000 — 55 

where 1 — length of stiffener, r — its least radius of gyration, Cc. 

Dimensions of angles usually 3} X 3 X A ^ 5 X 3i X 2. 

Flanges. 

Unbraced length of flange (compression flange, C, P) max -= 12 X widtfc 
B, P, R, Y: 16 X width, A, C, Cc| 20 X width, D; in highway bridge! 
•» 20 X width, Aa, «= 25 X width, Oo. 

Comp, flange has same gross area as tension flange. A, A a, B,C,rc,Oo^ P. 

CJover plates must not extend more than 5 ins, or 8 >. thickness of first 
plate, beyond outer line of rivets. A, Aa, C. Cc. If of unequal thickness, the 
nMviest plates are next the angles, and the lightest out.'^ide. A, Aa. B, C, 
Cc, T. One must extend full length of girder, B, E. Others must be lung 
enough to take 2 extra rows of rivets at each end, C, P. 

BraeiBir, Rlvotinip, Bearlnipfi. See Bracing, Riveted Joints, and 
Bearing!, below. 

Beam Girders. 

Beams in groups of 2, .3 or 4 for each rail, 10-inch channel separators, about 
3 ft apart, riveted to webs, B. 

Bracing. 

Composed of rigid members, riveted. A, Aa, C, Cc, Y; members inter 
sect each other, and other members to which they are connected, on common 
center lines, passing through all centers of gravity. Attachments riveted 
symmetrically in all directions, T. 

For Beam Girders. Ten-inch channel .strut at each end; with 2 or 3 
beams, an^e bracing between girders; with 4 lieams, angle struts about 6 ft 
apart. Connections to have at least 3 rivets. B. 

Lateral. 

B, in through spans. Top bracing; portal struts at ends; intermediate 
struts as deep as the chords: single angles, 3^ X 3^ X 4, intersecting in each 
CNanel, for single track; double angles, latticed, for double track. 

B« in through spans, bottom bracin;;;end bottom strut and intermediate 
aagl^ riveted to each other and to stringers at each intersection Not less 
tiian 4 rivets at each intersection and at each end connection. 

B, in deck bridges, complete upper and lower systems at each panel. 

Oo, bottom end struts in all spans, whether deck or through. 

Y, top and bottom lateral bracing in all deck bridges and in all tbroaift 
brid^ having suflicient head room. Lower lateral bracing in ail throti^ 
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bridges. Upwr system in all stnngers framed between and riveted to floo* 
beams where length of stnngers exceeds 15 times width of stringer flange. 

Y, in deck bridges without metal floor system, upper bracing of cross-struts 
at each panel point; composed of 4 angles latticed, with same depth as upper 
chord; stiff diagonals intersecting in each panel and riveted to each other 
at each intersection 

For Plate Girders. 

Deck. Between upper flanges, angles with at least 4 rivets at connections. 
Through; lower lateral bracing of angles, intersecting in each panel, riveted 
to each other and to stringers at each intersection, B. 

Lateral bracing angles generally of same size as those in stiffeners, R. 

Cc* in highway bridges, a buckle plate floor may be considered as the re* 
quired system of lateral bracing at the floor level. 

Sway (iliagonal, cross, vibration or wind) and Portal. 

Pro{>ort ioned to resist unequal loading of trusses in double track spans. E. 
R; end sway bracing to transmit all horizontal forces to abutment, E; tc 
carry half the max stress increment due to w'lnd & centrif. force. A, Aa, B, P. 

In deck spans, at each panel point. A. Aa, D, E, P, R, Y. 

Overhead bracing in through spans whose depth exceeds 26 ft, C, D, P, 
Yi in highway bridges, 20 ft, Cc; 25 ft, Oo. 

In pony trusses and through plate girders, at ends and at each floor beam 
or cross strut. A, Aa. R; at every panel point, D. 

In through and half through plate girders, at each floor beam and at each 
end, or, if there is a solid floor, not over 8 ft apart, Y. 

In deck plate girders, rigid cio.'«s frames at ends and max 20 ft apart, Yj 
sway frames of at least 4 angles at ends and at points 12 to 14 ft apart, B| 
through, not more than 12 X flange width along top flange, B. 

Riveted Joints. 

Rivet Holes. In I beams, must be drilled, B. 

May be punched; in steel not over f to | inch thick, G. 

Bub-punched one-eighth of an inch smaller, and reamed to one-eixtcentil 
of an inch larger, than rivet, in steel over flve-eighths to three-fourths of an 
inch thick ; in connections for floor beams and stringers to main trusses or 
girders, E. 

No drifting allowed, A, B, C, D, E, R. 

No interchange of pieces after reaming. D, P. 

Hole larger than rivet by one-sixteenth of an inch, G. 

Die larger than punch bv max one-sixteenth of an inch, 6, 

Distance from edge of plate to center of rivet. Min, 1 25 to 1.5 ins, or 1.5 
to 2 diams of rivet . Max, 4 to 5 ins, or 8 X thickne.s,s of plate, G. 

Pitch Min X diam of rivet, general ; preferably 4 X diam, Oo. 

Max pitch in line of stress, 5 to 6 ins, or 16 X thickness of thinnest outside 
plate connected; normal to stre.ss, 30 to 50 X thickness of thinnest outside 
plate connected. At ends of compression members (or of built members in 
tension. B> ; for a lengt h of 1.5 to 2 X width or depth of member, 3.5 to 4 X 
diam of rivet, O. 

In plate girders, for rivets connecting web to a top flange supporting the 
traeJe, max 8 ins, R. 

Rivets. Diam generally three-fourths or seven-eighths inch, ikeads 
hemispherical, G. Height of head, min «=- 0.6 diam. R, 

Driving. Avoid hand riveting. Machines, direct-acting, worked by 
steam, hydraulic pressure or compressed air, capable of maintaining applied 
pressure after upsetting, G. . 

Floor. 

Floor Beams. Depth, min, — 4 X length, Y. In rajlroad bridges and 
important highway bridges, riveted to posts of trusses or to webs of plate 
girders, O. Given also a bearing on lower flange of girder or on a bracket, 
Q. In default of such bearing, increase number of rivets by 25 per oent, R. 

Hangers, when permitted, not adjustable, C, Cc. Hangers made of putes 
or shapes, Oo. 

Strlnicers. Depth, min, i X length, Y« In highway bridges, CUmset 
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A1 and A2, of steel; Classes B, C, and E, track stunners of steel; Class I), of 
wood or steel, Cc. In railroad bridges, and preferably in highway bridges, 
riveted to webs of floor beams and supported by their flanges or by brackets, 
B, R. Value of this bearing neglected in determining number of rivets 
req^uired, R. 

Spacing, cen to cen, 6 ft, 6 ins, A, B, C, D, Y; 5 ft, E; double track, 
through, generally 6 ft, R; single track, 8 ft, R. 

Trough Floors. Troughs rectangular, built of plates and angles, and 
riveted to main girders or trusses by angles, and. when*practicable, by bracket 
angles under the lower horizontal plates Gusiset plates riveted to girders 
and troughs at distances of not over 8 ft, Y. 

Bottom filled with a binder composed of 1 cu ft of clean, sharp gravel, 
screened to one-fourth of an inch, to H gallons of No. 4 asphalt paving com- 
l>osition or enough to fill voirls. Gravel first heated to 300® F and the whole 
mixed at that temperature, Y. 

Wooden Floor. Continued over abutments. A, II, C, R. 

Ties or Floor Beams. Ltmg leaf yellow pine or n lute oak, G . 

Width, 8 ins. A, B; 9 ins R. 

Depth, 8 ins, for 7 ft span of tie, to 14 ins for 12 ft, B ; 12 ins, R; 10 in.s, Y. 

Notched down one-half of an inch; max li ins, B. 

Spacing. Usually 6 ins clear; 16 ins cen to cen, R. Every 3(1, 4th, or 
5th tie fastened to stringer by f inch bolt or lag screw, G. 

Wooden Joists in Highway Bridges. Width, min 3 ins or 0 25 X 
depth; pacing, max, 2 to 2 5 ft Ends of joists lap past eaeh other at bear- 
ings on floor b^m.s, with 0 5 inch space between them for circulation of air. 

Wooden Floor Beams for Electric Railroad Bridges, Classes El 
and E2 Min 6X6 ins, spacing max 6 ms, notched down ene-ltalf of an inch 
and secured to girders by three-fourths-inch bolts not more than (> ft apart. 
From center of span toward end, so notched (Cc) as to reduce camber. 

Guard Rails. 6X8 in*., yellow or white pine, G . Inner face not less than 
3 ft 3 ins from center of track, A; 3 ft ins, B; 5 ft 4 ms, Y; 7 ft U ins 
apart, clear, R. Notched i to li ins over ties, G. Fastened to every 
.3d or 4th tie (to each tie, R) and at splices by three-fourth-inch bolt or lag 
acrew, G. Splicesoverfloortimbers, with half-and-half joints of 6 ins lap, G. 

Wheel Guards and Curbs In Highway Bridges. Wheel guards 
6X4 ins, blocked up from floor plank by blocks 2X6 ins, 12 ins long, not 
more than 5 ft apart, bolted to Htrins;ers through blocking pieces, three- 
fourths-inch bolts, G. In electric railroad bridges (Cc, Class E) guard 
timbers min 5X7 ins, notched 1 inch over floor timber and secured by three- 
fourths-inch bolt to every third floor timber and at each splice. 

Buckle Plates. Min five-sixteenths of an inch thick for roadway, one- 
fourth of an inch for footwalk, crown 2 ins, for widths of 4 ft under roadway, 
5 ft under footwalks. Preferably in continuous sheets of panel lengths. 
May be pressed or formed without heating. 


Bearings on Abutments and Piers. 

Permissible load on masonry foundations, max. pound.s jier sq inch. 
400, A, Aa, P; 300, B; 250. C, Cc, D, E, R; dead load, 500; live load, 
260. Y. 


Bed Plates. Of medium steel, C, Cc. Min thickness, three-fourth^ to 
I inch; in hi^way bridges, one-half of an inch. Max fiber stress 12,000 lbs 
per sq inch, K. 

Where ends of two spans rest on one pier, spans are tied together, or have 
bed plate, three-eighths tu three-fourths of art inch thick, continuous under 
both, G. 

Sheet lead, one-eighth to one-fourth of an inch thick, between bed plate 
and masonry. G. 

Anchor bolts, 1 to 1 25 ins diam, 9 to 12 ins in masonry. G { fastened with 
sulphur, Rt with cement, C, Cc, Y. 

Pedestals. Of riveted plates and angles, C; or Cast steel, T. Bass 
plate and connecting angles, min three-fourths to seven-eighths of an ind» 
thick, B, C, T. 2 rows of rivets in vertical legs, C, Y. 
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Expansion Bearings. Provide for temperature range of ISO’ F, A, C, 
B* P» R-I for expansion of 1 inch in 100 ft, D, Y. 

One end sliding, usually in spans less than 6() to 90 ft, G, 

One end on fiiction rollers, usually in longer spans, G; in all trusses, Yt 
Hinged bolster at each end, in spans from 80 to 100 ft, G. 

Rollers rest on bars 3X1 inch, spaced 2 ins and riveted to bed plate, B. 
Free ends anchored against lifting and against moving sideways, C. Y. 

Rollers. Of machinery steel, I*, Cc. Min diam, 3 to 4 ins. A, B, I>, E, P, 
It; 3 in.s up to 100 ft .sr>an, 1 inch for each additional 100 ft, C, Y. Max 
pres'oire on rollers, in llis pei linear inch, 700 ^ d, R; 1200 v'd. A, B, P| 
300 d, C, D, E; 600 d, Oo; d loller diani, ui.s. Length, ms, — 900 ^d, Y, 


II. MATERIAL. 

Rolled and Ca.st Steel and Iron. 

Rolled steel in superstructures in general. 

Cast steel in bed plates in speci.al eu'^os, m maebincry of movable bridges. 

Rolled Iron in loop-welded roiL, P; in laterals and unimportant mem- 
bers, R. 

Cast Iron In bed plates in special cases and in inachinery of movable 
bndge.s. 

Rolled Steel, Grades. 

Soft. In general, in all principal parts. 

Medium. In piiii, fi ieti<)n rollers, lateral bolts, bearing plates, eye-ba^ 
sliding plates uiul bed plates; permissibly (C) in compression in chorda, 
ixists, and iJcdestaL 

Rivet. In rivets. 

Machinery. In expansion rollei.s. C. 

Rolled Steel. Manufacture. 

(Sec also Digest of Sj^ecificalions of Internat’l .\ss’n for Testing Materials.) 

All to be made by ofK'ii-hearth process. ^ 

Slabs for rolling plates are Immmeied or rolled fiom ingota of at least twice 
their crcws-sectii'ii, A, B. t. j 

Plates up to 36 ins wide rolled in universal mill, D* R; or have edges 
planed, D. 

Rolled Steel. Manipulation, 

Annealing. Eye-bars heated to uniform dark red and allowed to cool 
slowly, P; members worked at blue heat are heated to a uniform bright red 
(not exposetl to <lirect flame) and allowed to cool slowlv, B. " 

Steel must not be weliled, B. No reliance upon welded .steel, C, 

No work put upon steel at or near blue heat, or between boiling-point and 
point of ignition of hardwood .sawdust, C, 

Rolled Steel. Shop 'Work. 

Sheared edges of steel tliicker than five-eighths inch shall be planed, B. 

All .sheared edges (in medium steel, I» shall be planed off to a depth of 
0.25 inch, D, Y; except w'i'b plates of girders over 36 ins deep w^hen covered 
by flange plates, and hller'. where sheare<l edges are not .seen, D. Grinding 
not accepted as equivalent of planing, exct'pt fo»* lattice bars, Y. 

No sharp or unfilleted re-entrant corners permitted, D. Y. "W^here a 
plate, angle or shai>e has been cut into, the fillet, as well as tne cut, must be 
finished with sharp cutting tool, or with chisel and file, so that no sign of the 
punched or sheared edge remains, D. 

Angles or bent plate.s, u.sed as end connections on girders, floor beams or 
stringers, ruu.st l>e accurately filled, so that when the member is milled to 
length not more than one-si\teenih of an inch will lie taken off these connec- 
tions at their roots, D. 

Material bent by punching must be straightened before bolting up, R. 
Web plates, if buckled, must be cold-rolled to remove the buckles, D. 

Spliced chord sections must be assembled and strung out in shop in lengths 
of not less than three sectiun.s, and, after being drawn up into contact at 
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joints and lined up with splice plates in place, the field rivet holes shall be 
reamed to a ht before taking apart, and the assembled parts, with their splice 
plates, match-marked, D. 

Riveted members must have all parts pinned up and drawn together before 
riveting up, D. 

In cases of skew work, or of complicated connections, or of a large number 
of pieces of one and the same kind, ilie work shall be set up and fitted to- 
gether in the shop, sufficiently to insuie against any misfit, I>. 

Abutting surfaces at ends of sections of compressiqn membcis, and ends 
of members to be framed togethci, aie usually lequired to be faced. 


Rolled Steel. Requirements. 

See also Digest of Specifications of International Association for Testing 
Materials. 

TFNSILE TESTS. 

Specimens of Medium, Soft and Rivet Steel. For tests of full size eye-bars 
see below. 

Ultimate Strength, u, and Elastic Limit, el, in thousands of lbs jier sq 
Inch. Elongation, s (stretch), and reduction of area, a, in i)erceMtagi s oi 
original dimensions. Elongation measured in a length of 8 ins 



Medium or 
*' Pin " Steel. 

1 Soft or “Bridge " 

1 Steel. 

[1 

j Rivet Steel 


U 

el 

B a 

u 

el 

Ua 

i a 

el 

8 ' a 

A,Aa 

60-70 

0.5 u 

; 22 |.. 

52-62 

0.5 u 

2.5 . . 

48-58 

0.5 u 

26,.. 

B .... 




58-63 

30 

|25' . 

61-56 

27 

261 .. 

C« Cc • • . 

60HS8 

05 u 

22 { . . 

54-62 

0.5 u 

i25' . . 

.50-58 
48-56 
' .. 

0.5 u 

20 .. 

P .... 

62-70 

0.5 u 

22 .. 

54-62 

0.5 u 

26 .. 

0.6 u 

28'.. 

E ... 



! 1 

.56-64 

0.58 u 

:27t45 


.. .. 

Oo .. 

6(E70 

zh 

22 i..| 

62-62 

32 

!25' , . 

50-60 


26 .. 

P .... 

62-70 

33 

17;40 

52-62 

28 

,25:50 '48-56 

28 

28 56 

R ... 

60-68 

0.5 u 

20 . 

52-60 

{"is"! 

25: . . 

48-56 

28 

I 28 *.. 

Y..., 

62-70 

0.6 u 

25 45' 

56-64 

1 

0.6 u 

,26^50; 48-.56 


'28 55 

i 1 


Specimens from metal over five-eighths of an inch thick, el » 0.56 u, T« 

*' “ eye-bars, same requirements as for medium steel, D. 

*' " “ u « 63, B. 

••*••• over 1 .5 ins thick, deduct from el 1 for each one- 
eighth of an inch ; el, min •= 20, C. 

" and pins u “ 62-70, 1 “ 0.6 u, s - 25, a — 
45. Y. 

pin.s, 8 « 1.5, C, Cc. 

(moilium, soft or rivet) s, 5 per cent less, A. 

“ (soft) 8 — B. 

“ and rollcrfl, 8 10, P. 

rollers and bearing plates, u = 70-78. s “ 22, Y, 


BK.NniNG TESTS. 

In medium steel, specimen to bcntl through an angle of 180® around a hat 
cd diam *» 1 to X thickness of soccimen, without showing fracture on 
outmde of bend ; in soft and rivet steel, to bond flat tirnm it sell . 

MCKINf; T»«r. 

When nicked and bent around .a bar of diam =• ihii'kncss of rod, rivel 
teel shall show a gradual break and a fine, Milky, homogeneous fracture, 1). 

nRUrriNo test. 

Center of hole as in ordinary practice, or 1.5 to 1 87 ins or 2 diams frtW 
dge of plate; enlajnge to 1.25 to 1.50 diam, G, 
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ANGLE! TEST. 

Angle- of all thicknessea must open flat. Angles not over on^half of an 
inch thick must bend shut, cold, under hammer dIows nvithout sign of frac- 
ture, 11. 

TEST PIECES. 

MinimuTii srctiou, usually one-half sq inch. Length, min, 8 to 12 ins 
lesth are usually required for each melt or blow. 


TESTS OF FULL SIZE EVE-UAUS. 


VUimatc lbs r>er Elastic limit lbs per 

sq inch sq inch 

mm min 

4 / 5,000 leas than \ 

A , Aa .... ..mall specimen / 


Cc . 

. . 55.000 

56,000 



i ] 68,000 





^ 

.5.5 ()00 



. ! 48.000 

27,000 .. 


( 58.000 ♦) 

0.5 ult 


. . { 50.000 t / • • * • 


(48 000 t 

27,000 .. 


. . . 58.000 

33.000 .. 


Elongation per cent 
min 

.10 between necks 

(12 between necks | 

1 10 between necks n 
. 10 between necks 
.12 in 10 ft 
.15 

.12,5 in 15 ft 
.Mf in 10 ft 
f 13 between necks 
( 10 l)etween necks 
. .15 between necks 
.. 10 in 20 ft 


Tn general not over 4 per cent of total number of bars in bridge will b« 
tested. R ; at least 4 i>er cent, and not le.sa than 3 baia, B. 

75 per cent of fracture must be silky, the remainder fine granular, K. 


Break in head shall not be cause for rejection-— . . , r ^ x j 

fa) if bur develops 10 per cent elongation (12.5 per eent in 15 ft, Oo) and 
the required ultimate strength (ultimate 66,()00, C, 65,0(W, Md if not 
more tlian one-third of all the bars tested break in the head, A, C« Oo. 

(b) if bar stretches 14 per cent and if a second bar breaks in body and the 
average '.t retch of the two bars is not less than 16 per cent, P. i « 
Company pays for bars which meet requirements, less scrap value, G. 


TESTS or rOMPLETEU STRUCTURE. 

Specified loads, or their eoui valent, passed over structure (in railroad 
bridges at a speed of not over 60 miles per hour, and brought to a stop at any 
point by means of air or other brake,s) or maximum load rested^ UTOn strao- 
ture for 1 J hours. After test, structure must return to its original position 
and mu-t -bow no i)ermanent change in any part, C. 

COMPOSITION 

Phosphorns. max npreentage, 

In ael<l -teel, 0.06 to 0.08; in basic steel, 0.04 to 0.06; in castings 0.08. 

Sulphur, max fiercentage, 0.04 to 0.06. 


MAXI Ml M I’KRMISSniLR VARIATION FROM SPECIFIED CRORB-SECTION 
OR WEIGHT. 

2.5 per cent. G, except in extra wide plates. 1>, Oo, P. , 

In plate.s over 40 ins wide, in proportion to width, up to 5 per cent in plates 
00 ins or wider, D. , . , . 

1.6 per cent; where plates 36 ins and wider form 40 per cent of total, 2 p«r 
cent in excess, Y . 

Long plates, ^ inch out of line in 20 ft. 4 inch in 40 ft. R. 

Shapes or plates, 3 per cent short in thickness; plates 80 ins wide, 5 per 
cent, R. 


♦ t Medium steel. * Bars not over 10 sq ins. 1 20 sq ins. Proporiiona! 
values for intermediate areas. J Soft steel, i In bars not longer than SKI 
ft between necks. Q In bars longer than 20 ft between necks. \ Max- 18- 
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Steel Castings. 

Manufacture. Open hearth. A, Aa, D, P, Y; acid, 1 ; annealed, P 
R, T* Carbon, per cent, 0 25 to 0.40, C. 

Phosphcrus, per cent, max, 0.08, B, Y. 

TENSILE TESTS. 



! 

„. , 1 Ultimate 

Size of strength, 

teat piece, p^j. 

j inch, min. 

Elasflc 

limit, 

Ib.s per sq 
inch, min. 

Elonga- 

tion 

per cent, 
in 2 ins 
min. 

Reduc- 
tion 
of area 
per cent 

C» D, E« Pf R. . 

T 

% square ' 65.000 

or to 

1 round 70,000 

(55,000] 

i about b f 72.000) 

1 (b)^, to [ 

i (80,000) 

;«,ooo ] 

1 0.5 ult ) 

; 10 to 15 

i 20 

1 

1 

20, P 


0.5 ult 

1 

25 


KENDING TEST. 

T (a), for geneml purpo-^^es, bed plate-^, i>e<le'.iaK, etc , 1o bend 90®, to a 
radius >>= diameter of test piece. 

Y (b), for drawbridge roller-s, etc. 


Rolled Iron. 

Reauirementa in Osborn’s specibcation for highway bridges, Oo. Made 
from puddled iron orroUed from ’ 

alone or with muck bar. Tensile strength, mm, 48,000 lbs per .no men i jO,- 
oS) R) Tield point, 26.000 lbs per .sq inch (26.000. R); elongation, 20 per 
^t m 8 Sm^^iietions 'weighing less than 0 654 lb per lineal per cent 
Sneuimeus cut from bar as rolled must bend through an angle of 1^80 under a 
suooession of light blows, when nicked and bent, fracture shall be generally 
SS^us and frre from coarse crystalline spots; not over 10 P***’ 
fractured surface shall be granular ; specimens heatf^ brigld ^ 

tSSh an angle of 180® under a succession of light b ows not del^W 
dire^y on the bend; must not show red-shortness. In 
bars, one- thirty-second of an inch, in round iron 0.01 inch, vanation ei 
way in sise will be allowed, Oo. 


Cast Iron. 

Tough gray iron. A. D, E, R; unless otherwise siieeifij^, A. R. ^ 
Transverse strength. Bar 1 inch sqtwre, 12 ms T’^ p' 

eenter load. Must deflect 0 15 inch before rupture, G. Bar I inch quure. 
4.5 ft span, to bear 600 lbs center load, E, R. 


Phosphor Bronie. 

1 inch cube, under compression, elastic limit, 2^000 lbs. Under 100,000 
lbs, permanent set max one-.sixteenth of an inch, B. 


Timber. 

Sap wood not allowed in more than 10 per cent of 'fbe 

and no piece will be accepted showing wp covering rnoi« than 0 25 X 
width of the piece on any face at any point, or more than half the thickness 
of any plank at its edge, at ar.y point, Oo. 
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111. LOADS. 

1. Vertical Loads. 

(Dead and Live Loads and Impact.) 

Dead Loads in Steam Railroad Bridges. 

Dead load - weight of metal + n lbs per lineal ft of track, C, D, E, R, T. 

400 C’ D. Es n “ 500, Rt n = 620, Y. , « 

Timber taken at 4 5 lbs per ft, B M . G. Ballast 110 lbs per cu IL C. 

Rails, splices, and joints taken at 10() lbs per lineal ft of track, A» B, C. 

Rails, splices, guard rails, etc , at 160 lbs per lineal foot of track, P. 

Two-thirds of dead load a.ssunied to be carried by loaded cho^, Y; m 
spans less than 300 ft, B; in longer spans calculate distribution, B. 

Dead Loads in Highway and Electric Railroad Bridges. 

Iron 3 33 lbs per lineal ft of bar 1 sq inch area, Oo. 

Steel 3 40 “ “ ‘‘ “ " ‘‘ 1 sq Jncharea, Oo. 

Timber per ft board measure, 4, Aa; creosoted. .5, Oo; oak, 4 5, Cc, Oo; 
other hard woods. 4 5. Cc; yellow pine, 4, Oo; spruce and white pine, 3.5. 

Vu'im A«, ..on. CPorHe, 125, Oo, clod., 
Piincrete 100, Oo. Stone, 1,50, Oo, granite, 160, Aa. 

lirick 150, Aa; 125, Oo; sand, 100, Oo. Asphalt, 130, Aa; 90, Oo. 

Rails, fastenings, splices and guard timbers, 100 lbs per ha ft of track, Aa. 

Live lioads for Steam Railroad Bridges. 

THEODORE COOPER’S STANDARD LOADING. 

The No. (27 to 50) following the letter E (Engine! in the class designation 
gives the load, d, on one pair of drivers, in thousands of pounds. In each 

H ^ ‘2b — 401 26 *= 10 U. Since these ratios are constant for all 

sljmses the stresses, due to any class, are proportional to the class number. 
I’he weight of metal, in bridges, is, in each class, about 10 per cent greater 
than HI the class next lighter. 


d d a d 


4-OOoa 

ftM 


t t t t 

WW — P ' 9 9 9. 

Fig. 1. 


d d d d A § t t V 

Q9SSJi.ilr 


CONSOLIDATION LOCOMOTIVES, WITH THEIK TENDERS AND TRAINS. 

Load in lbs. on one pair of wheels Train 

for each track. load, 

Truck ^ 

(bogie) Driver Tender lin^ft. 

13,^ 27*,000 17.650 2.^ 

15.000 30,000 19,600 3,0W 

17,500 35,000 22,750 3,500 

20.000 40,000 26,000 4,000 

25.000 50,000 32,500 5,000 


Class 
E 27 
E 30 
E 35 
E 40 
E 50 


At Cooper's loading. . • 

B, Cooper’s Class E 50, unless otherwise specified 

C, See above. 

Yf Cocmer’s Class E 40. ^ ^ 


Loads as below.t 


b 

d 

t 

U. 

D 22,000 

60,000 

28,000 

4,500 

E 15,000 

35,000 

23,000 

4,000 

P 21,000 

44,000 

30,000 

5,000 

B 19,200 

f 43,200 U 

) 48,000 P 

f 24,600 K 

1 27,000 P 

4,800 


\ Driver and tender axles unequally loaded. B. 


AA 
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ALTERNATIVn LOADINGS. 

Use Fig. 1 or the alternative. Fig. 2 or 3, whichever gives the greater strassec 





^ rr 

iXQ 


+=i=f=i-I 


Q 


Fig. 3. 


Load on one pair of wheels. 

fd = 6ft;W-W - 50,000 lbs, Above E 40. 00,000 lbs, C. 

Fig. 2Ad « 7 ft; W - W «= 65.000 lbs, D. 

Id - 7 ft; W « W = 60.000 lbs; U » 4.500 lbs per lln ft, T. 

Fig. 3. W - W = 66,000 lbs ; w = w = 30,000 lbs, R. 

Add 30 per cent in figuring floor beams, stringers, bangers, suspendera, 
and other floor connections. Add 0 to 30 per cent for spans from 100 ft 
down to 25 ft, D. 

ON CURVEfl. 

Distribution of live load between the two trusses. 

W » P J where W — proportion of live load borne by the outer 

<russ; P « live load at panel considered; m — middle ordinate of entire 

curve on span ; b dist bet w cens of tru88e.H. Make both trusses alike, B, Y. 


SPECIAL LOADINGS. 

For rivete connecting upper flange angle.«i with web in deck girders carrying 
the floor directly on the top flanges, and in deck spans with wooden floor 
beams, when distance between trusses exceed.^ 6 ft, 50,(KX) lbs on one pair of 
drivers, distributed equally over three tie.s or fltMjr bcam.H, P, 

For floors, the load on a single pair of engine wheels distributed over 4 . 
ties, B; over 3 ties, C. For trough floors, 60, (XK) lbs on one pair of wheels, 
distributed over two troughs. Y. 

THREK-TRtms HHIIIGKS. 

In double-track deck spans, all thrive tru''ses of equal strength, C. 

In plate girder bridges of more than one track, center girder hgured for 
0.75 X the live load, E. 

yUTURE INCREASE OF LIVE LOADING. 

Only 70 per cent (50 per cent. R) of the dead load shall lie ron.sidered 
effective in counteracting live load stress. A, R. Use 1 5 X live loail, E. 


" ITiat the heavier of these engines (see *<%* under 'Standard Ixiading.' 
above) is close to the possible maximum, con.^idering the limitations of the 
permissible cross-section of existing railroads and the mechanical tietails of 
design and proportions, is hot improbable Thai the econoinical tendency 
toward heavier and heavier engines will in the near future reach the heavier 
class E 50 upon the most important loads is to l>c o^iected The cars will 
also follow the same tendency for many kinds of traffic, as e\j)orionce justi- 
fies the advance. There are now in use self-dumping coal cars of a nominal 
capacity of 100,000 pounds, w'hich have, on four axles, a total loa<l of 146,000 
pounds (10 per cent inorea.se over nominal capacity) on a wheel liase, for two 
adjacent cars, of 17 ft, 2 ins. These cars on all ordinary bridges produce 
strains equivalent to those of E 33 ” — Theoflore Cooper. 

Members subject to reversal of stre.ss must be so designed that a live load 
n per cent greater than that speiufied shall not increase their unit stresses 
more than n per cent, n "• 26, C} 50, B; 100, P. 
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lilvc Loads for Highway and Electric Railroad Bridges. 


(Am, Bridge Co.) 

For the Floor and its 
Supports. 

For the Trus.se,s. 

and 


Uni- 

Per linft of 

Per sq ft of 

Cc, 

Concentrated. 

form 

single track. 

remaining floor. 

(Theo. Cooper ) 

Wagon Car 
(a). (b) 

on 

(c). 

(Propoitionally for inter- 
mediate spans.) 

Class.* 

Per 

Spans Spans 

Spans Spans 

each 

sq ft. 

up to 200 ft 

up to 200 ft 


track, 
tons tons 

lbs 

100 ft and 
over 

lbs lbs 

100 ft and 

over 

ib3 lbs 

A 

24 

100 

1,800 1,200 

100 80 

B 

1 2 or 24 

100 

1,800 1.200 

80 60 

C 

12 or 18 

100 

1,200 1,000 

80 60 
Up to 

75 ft 

D 

6 

80 


80 5.5 

El 

24 


1,800 1.200 


E2 

18 


1,200 1,000 



(a) On two axles, 10 ft cens (and. Aa, 5 ft gage); in classes A, B, and C, 
assumed to occupy a width of 12 ft in single line (or, Cc, 22 ft in double 
lino) on any part of the roadway. 

(b) On two axles. 10 ft centers. 

(c) In cla‘'scs A, H, and C, on remainder of floor, including footwalks. In 
clas.H D, on total fltxjr surface. 

Oo. Osborn Engineering Co. Highway. May sj^cify any combination 
of the following loatiings, according to character of bridge and of load. 

Uniform loads, lbs per sq ft. For spans up to 150 ft, 100 on roadway and 
80 on sidewalks, or 80 on both. For spans over 150 ft, 80 or 60 on both. 

A steatn road roller; axles 11 ft apaH, forward roll 4 ft face, two rear roll* 
B ft cens and each 20 ins face. 15,000 oi 9,000 lbs on forward roll and 10,000 
o 6,000 lbs on each rear roll ; 

A horse roller, 12,000 lbs on roll, 5 ft face; 

A wagon load, 10,000 lbs on two axles, 8 ft apart, 5 ft gage; 

Two electric cars on each track; Fig. a 

A train of electric cars on each track; Fig. b. 

A train of coal cars of 60,000 lbs capacity; Fig. c. 


Fiff, a 

I I 


30,000 


_a_ 


-IL. 






JiOfiOO or so.fmo 




Fla. c 

0‘Jjooo I ^ j iy2,oo it j 


p ..0 

. . 

Jl-Q. 

(t. ^6-^ i 




♦Class A, city bridges. Class D, ordinary country highway. 

“ B, suburban or interurban. “ El, heavy electric railway on^ 

'* C, heavy country highway. ** E2, light electric railway onlv 
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FUTURE INCREASE OF LIVE LOADING. HIGHWAY. 

In electric railroad bridRea, Class E, only 70 per cent of dead load stress to 
be considered as effective in counteract irr the live load stress, Aa. For 
bridges carrying electric or motor cats, counters so proiKirtioned that a 
future increase of 25 per cent in the specified live load shall not increase the 
unit stress more than 25 per cent, Cc. 

Impact. 

300 . * 

1 -• Sj ^ where I impact .strc'.', to be added to the live load stre^«: 

S calculated max live load stress; I - length in feet of loaded distance 
which produces the maximum stress in the member, A. 

I- 8 ^0.1 + f Bousearen, C. E. 

In Highway Bridges; I ‘J.5 per cent of live load stresses Aat I •“ L* ♦ 
(L -f U), where L and I) =- live and dead load stresses. Oo» 

2. Horizontal Forren. 

(Drag. Ontrifugal and Wind.) 

(a) liOngltudlnal. 

Drag* In bridges for .steam arni electric railroaiE, provide fora longitu- 
dinal force, at the rail.s, 0 2 of the max live load. In double track (Y), 
provide for trains moving either way. 

(b) Transverse. 

(1) Centrifugal Force. 

F — centrifugal force; W =» weight of train on bridge; d •• degree of 
curvature «* central angle .subtended by a chord of 100 ft; v * velocity in 
milea per hour; c =» a coefficient. 

A| F »■ c d W. For d up to 6®, c •=» 0.03. Deduct from c 0.001 for each 
degree over 5°. Train on each track. 

B, R, F — 0.02 of the live load for each deg of curvature. B, up to 5®. I )e- 
duct 0.001 for each degree over 5°. 

Ct F, computed for y ==■ 60 — 3d on steam railroads, 40 on electric rail- 
roads; force acting 5 ft above base of rail. 

D, v - 60. 

E, F ** force due to that uniform load which would produce the max 8i»eci- 
6ed live load bending moment on span; v » 60. 

T, F W v2 d -i- 85,666. Up to d - 4®, v - 60, For d over 4®, v - 
60 — 2d. Max train load on each track. 

(3) Wind. 

(a) ON RAILROaO BRIDGES. 

Wind pressure, in lbs per aq ft, « w; in lbs per hn ft = W. 
w ®= either 30 Iba per sq ft on exposed surface of trusses and fioor and on 
that of a train of 10 ft average height, beginning ins above rail base; 
or .W lbs per sq ft on exposed surface of trusses and floor; whichever 
gives the greater stresses, A. P. 

In truss spans over 200 ft A in plate girders, w - 30 lbs iier sq ft of exposed 
surf of 1 gmler and floor, + W on train for loaer chord, as btdow, B. 

W » L + U. L = pressure in lbs per liu ft on loaded chord, U on un- 
loaded chord. W includes both wind on bridge and wind on train. 

Wind on bridge. L =* U =* 1^, B, €',♦ 1>, K ; = 200, E. 
h 200, on double track 300, acting 8 ft above rail top; 1 ^ 

U « 150, on double track 225, acting at cen of cliorU; ) * * 

Wind on train. L - 300, B, B, R.t » ; “ 450, <\t - 400, E. 


♦ In i^ans over JiOO ft, add to U 10 lbs for each additional 30 ft, C. 
t Acting 7.5 ft above rail, R. 

t AoUng 6 ft above rail base. Includes lateral vibrations of trains. 
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A* Wind stress, Sw, in any truss member, C (main truss member, D} 
chord or end post, R), need be considered only (1) when Sw exceeds 30 pet 
cent, C (25 per oent, D, R), of max stress, S, due to dead and live loads. 
Then increase section to bring Sw within limit, C» D. R. (2) When Sw, 
alone or in combination with temperature stress, can balance or reverse S, C. 

Anchorage. In determining the requisite anchorage for the loaded struc- 
ture, the train is assumed to weigh 800 lbs per lineal foot, A, P; 600 
lbs per lineal foot, R. 

(b) ON HIGHWAY AND ELECTIIIC RAIUIOAD BRIDGKS. 

Either 30 lbs per so ft on the expo.sed surface of all tru^se3 and floor, t- 
160 lbs (180, Oo) per lineal foot of a tram covering the span; or 50 lbs per 
•q ft on the expose surface of all trusses and floor; whichever gives the 
greater stresses, Aa, Oo. 

On each chord. 150 lbs per lin ft. of span, due to bridge, and on the loaded 
chord 150 lbs per lin ft of span additional due to 1 rain. For spams exeeeding 
300 ft, add 10 lbs on each chord for each atlditional 30 ft, Cc. 

Wind stresses (in tru.ss members, Cc; in chorrlsand end posts, Oo) to be 
provided for only when the wind stress exceed-s 25 per cent of the max d^d 
and live load stresses (of the sum of all other stresses, Oo'>, or when the wind 
stress (alone oi in combination with temperature stress, Cc) can (neutralize 
or, Cc) reverse the stress in the member, Cc, Oo. 


rV, STRESSES AND DIMENSIONS. 

Effective Span and Depth. 

In pin spans, span and depth are measured between centers of pins. In 
riveted trusses, the span is measured between centers of end bearings, and 
the depth between centers of gravity of chord sections. In plate girders the 
span is measured between centers of end bearings, and the depm between 
centers of gravity of flange areas or over backs of flange angles, whichever is 
the loss. In floor beams the span is measured between centers of trusses, 
and 10 stringers between centers of floor beams, O. 


Limiting; Unit Ntreft»eN. 

Tension. 

Ni^t Neetion. The net section of any tension member or flange is deter- 
mined bv a plane cutting the member square across at any point. The ipreat- 
est number of rivet holes which can be cut by the plane, or come within an 
inch of the plane, is deducted from the gross section, B. The rupture of a 
riveted tension member is considered equally probable, either through a 
transverse line of rivet holes, or through a diagonal line of rivet holes where 
the net section does not exceed by 30 per cent the net section along the trans- 
verse line, C!c. 

In deducting rivet boles for net section, their diameter is taken at onfr 
eighth of an inch greater than that of the cold rivet, G ; for countersunk 
rivets (<Ni), one-fourth of an inch greater. 

Maximum permlHalble iemiile MtreHiivH, in lbs per sq inch. 

Medium Soft 
Steel Sled 

A, Aa, Under vertical forces only or horizontal foree.s only 17,000 15,000 

Under vertical and horizontal forces combined 21,000 19,0^ 

B, For “Bridge” (soft) and Rivet Steel, same a» Medium Steel under A. 


D, For soft steel; For dead load; live load. 

Eye-bars 1 4,000 9,000 

Built sections 12,500 - 8,500 

Counters 8,500 


, « , , Fo** load 

Hip suspenders, floor beam hangers, members sub- 
ject to sudden loading 7,6(X) 

Tension flanges of plate girders and rolled brams 9,000 

Bracing 12.000 
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Main members of trusses, flanges and webs of girders and floor beams 
for double track, floors and girder flanges with ballast floor, add 10 
per cent 


For medium steel, add 10 per cent. 

( min 8tres.s\ 

* -)• 

max stress / 

Oo. (Highway Bridge>.) Medium steel, 22,000; soft steel, 20, (XK); wpoughl 
iron, 18,000 

P. M - max calculated stress in member , 

m - min “ “ “ “ 


Let r — ; let k ' . Then M (1 4 k) shall not exceed 15,000 

M 1 t r 

Long hip verticals must have 25 per cent excess strength; short floor 
beam hangers 50 per cent excess, P. 

T« Soft Steel. Chords and web members of tru.sses, and flanges of 
plate girders, floor beams and stringers. 


Dea,d load and drag 16.000 

Live load and centrifugal fotcc 8,000 


MAXIMUM 8TRE88K8 IN' TIMBKB, LBS I'EU 8Q INCH. 


For Highway Bridges, Oo. 

White oak 

Long leaf pine 

White pine 

Hemlock . * 


Tran.s- 

verse 

load- 

End 

bear- 

Short 

Bear- 
ing Shear 
across along 

ing 

ing 

column * 

fibre fibre 

.1,400 

1.300 

1,000 

550 

300 

.1,600 

1,300 

1,000 

350 

200 

.1,100 

900 

700 

200 

150 

. 950 

850 

650 

200 

100 


Extreme fibre stress, in flo<ir beams, max, yellow pine and white oak, 
1,200 lbs per sq inch; white pine and spruce, 1.000, A a, Co. 


F 

a 

L 


Compression. 

permissible working stre.ss in comiiression member, in lbs per sq inch, 
generally the permissible stress in tension member, in Jbs per eq inch, 
a coefficient. 

length of piece, in ins, between cens of connections, 
least radius of gyration of ciwH-Kpction of member, ins. 


P 


ij 


1 


' ? a 


fin medium steel 

In <*oft steel 

B. In soft steel 

C. See below. 

Dead load 
f a 

(12.000 18.000 

D* to to 

( 12,500 24,000 1 


f a 

17.000 11,000 

15.000 Ll.SOO 

17.000 11,000 

Live load 
f a 

8.000 18.000 

to to , 

8,500 24,000 


E. f - 8,000 ( 1 + ; a " 36.000 with both ends fixed; a » 

-24,000 with one end fixed; a 18,000 with both ends hinged. 

Oo. (Highway Bridges.) f -- 22,(KK) f<»r medium steel, 20,000 for soft Steel 
18.000 for wrought iron ; a as in E, above. 

P, f - 15,000; a - l.S.StX). 

R. f - 6,500 (l ^ ^); £ max « 8,000; a - 40,000 with flat 

\ max stress / 
ends; a ■■ 20,000 with pin ends. 

When one end is pinned, p « mean of values derived as above. 

For angle iron struts, see below. 


^Length not over 12 X least side. fMin stress » dead — live load stresa 
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Y* Soft steel in chords and web members; 

f 

For dead load and drag 16,000 

For live load and centrifugal force 8.000 

C, Cc. P = M — c 


18,000 

18,000 


For medium steel in stationary structures: 

Dead load 


Chord segments, stiffeners. 
For highway bridges 


Live load 


M 

c 

M 

c 

20,000 

90 

10,000 

45 

24,000 

no 

12,000 

55 

17,000 J 

r 90 

/ 8,500 

f 46 

to 18,000 j 

Ito 80 

1 to 9,000 

1 to40 

20,000 J 

( 90 

/ 10.000 

/ 46 

to 22.000 1 

[to 80 

Ito 11.000 

Ito 40 

13,000 

60 

8,666 

40 


End and other posts | 

For highway bridges | 

Lateral strut-, rigid bracing | 
for railroad and highway V 

bridges l 

For soft st<‘el, deduct 15 per cent; for movable structures, deduct 25 per 


K. Angle iron stiuts. 

With flat end.s, p - 9,000 — 30 ; with pin ends, p •= 9,000 — 34 . 

In lateral and cross struts, arid 30 per cent. 

Length of compression members, max, 40 to 45 diameters, or 100 r 
to 120 r In highway bridge-, 120 i to 140 r, Aa; 100 r to 120 r, Cc; 125 r to 
150 r, Oo, where r - least i ad lus of gyration. 

Unsupported width (distance betw'ecn rivets) of plates subject to com- 
pression. max *=• 45 X thickness, Oo; 30 X thickness, C, Cc, D; in cover 
plates of tor> chords and end posts, 40 X thickness, C, Cc, D; or, if a greater 
width IS used, effective section shall he taken as 40 X thickness, C, Cc. 
Distance between supports in line of .stress, max * 16 X thickneas, Oo. 

Timber columns, whose length exceeds 12 X their least sides, in highway 
bridges, Oo. 

Max unit stres.s — 

' ^ 1.000 d® 

where C -= 1,000 Ib.s per .sq inch for white oak and long leaf pine, 700 for 
white pine, 650 for hemlock; L •“ length of column, between supports, ins; 
d — least side, ins, Oo. 


Alternating Stresses. 

Total sectional area of member to be made ■= sum of areas required for 
both stresses. A, B. 

Area sufficient to resist either stress plus 0 8 (0 6, R; 1 0, Y) X the lesser 
•tress, C. Cc, D, R, Y. 

Permiasible working stress, in lbs per sq inch: 

« I . roax stress of lesser kind \ „ 

a ^ 8,000 I 1 ' , — V* "j )> 

V 2 X max stress of greater kind/ 

M “ max calculated stress nf greater kind, 

m « max calculated stress of lesser kind. 

Let r - Let k - ^ ^ ^ Then M (I + k) shall not exceed 
M 2 — r 

15,000 lbs per sq in. 

IN BRIDOKB FOR HIGHWAYS AND FOR ELECTRIC RAILROADS, 

In Classes A, B, C, and D, members proportioned for that stress which re- 
quires the lar^r section. In Classes E 1 and E 2, make sectional area sum 
of areas required for the two stresses, Aa. Members designed to reeist either 
•tress and given 26 per cent excess of strength in their joints and ooniieo> 
tionsrOo* 
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Shear and Bearing Stresses. 

Shear In web plates, max, lbs per sq inch. 10,000, B ; 4,000, E ; 5,000, 
R; 13,000, Pt in medium steel, 10,000. A, Aaj in soft steel, 9,000, A, Aa; 
across grain, 6,000, D; with grain, 5,000 (net section), D; dead load, 10,- 
0(X), Y; live load, 6,000 (gross .section), Y. 


Shear and Bearing on Blvets, Bolts and Pins. Maximum, in lbs 
per sq inck 

Shear Bearing 

Medium Soft Medium Soft 

A, Aa, B 12,000 11,000 *.24.000 22.000 

C 9,000 9,000 15.000 15.000 

Cc 10,000 10.000 18.000 18.000 

Oo 10,000 10,000 22.000 20.000 

D, R 7,500 7.500 12,000 12,000 

Y, Shear = 0.75 S ; bearing => 1.508. S “ i>ermi.^sible unit stress in tension. 


In fiejd riveting, increa.-e number i»f i ivets 25 per cent, A, A a. B, Oo, P; 
if machine driven, 10 per cent. A, Aa, Pt in slringens and floor beams, one- 
third, P, Take 0 66 to 0 80 X stress as above, C, Cc, P, R, Y. 

In floor connections, use 0.8 X stresses as above, C, Cc{ add 20 per cent 
to number of rivets, V. 

In wind and .sway bracing, use t .25 to 1 5 X stresses as above, C, Cc, D, R. 

Rivets with countersunk heads taken at 0.75 X value of rivets with full 
beads, P. 

Bearing, on phosphor bronze disks, 5,000 lbs {)er sq inch, B. 


Bending Stresses. 

Stress in extreme flbros, under bending moments, max, lbs per .>«q 
inch. 

In pins and bolts. 25,000, B? 18,000, C? 20,000, Cc; 1 5,000. P,R; 16.000, 
T; in pins, closely packed, 25,000, Oo; in medium steel, 25,000; in soft 
steel, 22,000, A, Aa, P. Centers of liearings of strained members taken as 
points of application of the stresses, A, Aa, R. Applied forces considered 
as uniformly distributed over the miildle half of the bearing of each member, 
C, Cc. Bending calculated from distances between centers of bearing, Oo. 

In rolled beams and channels, 14,000, P. 

In «-ooden floor beams, 1.000, A, B, C, P. 


Compound Stresses. t 

Compound (axial and bending), amximum, lbs persq inch. 

In end posts of through spans, dead + live + wind + bending, max - 
15,000, R. 

Proportion the member to re.si.st sum of direct stre.sa plus 0.75 bending 
8 000 

stress, A, Aa, B, P, B. Max I* ^ , w’hereL= length, ins; r - 

^ ^ ^ ,000~i« 

least radius of gyration, ins. 

If pins are out of neutral axis of section, max must include the additional 
stress due to the eccentricity, K. 

Bending moment at panel points assumed e<iual and opposite to that at 
the center, A, Aa. If fibre stress due to weight of member alone exceeds 10 
per cent of the allowed unit stress on such member, the excess must be con- 
sidered in proportioning the areas. <*, O, R. 

MUnlmam DlmenMlouH. 

Minlmiim tblcknefM of plates, in railroad bridges, three-eighths of an 
inch for main members, five-sixteenths of an inch for laterals; m highway 
and electric railroad bridges, five-sixteenths to ooe-fourtb of an inch. Min 
diam of rod, three-fourths of an inch, Oo. Rods and bars, mia section^ 1 aq 
inch, D, R ; oounters 1.5 sq ins, D, P. 'Posts, in pin ^ns, min width 10 
ins, A. la poets of througn spans, channels min 10 ina, B. Angle, min, 3.5 
X 3 X five-sixteenths, B. 
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V, PROTECTION. 

At Shop. After removing loose scale and rust ; 1 coat pure boiled linseed 
oil. A, Aa, B, I>, E, P, R; raw linseed oil, C, Cej with 10 i>fr cent in 
weight of lampblack, D ; standard red lead paint,* Y. 

Ina('C<^ssiblc Parts. 2 coats iron ore paint in pure linseed oil, A, Aj. B. 
C, Cc, E, Ri .‘ifandard red lead paint,* Y} 1 coat, D ; 1 heavy coat lead 
in raw linseed oil, P; 2 coats, 18 lb.s red lead in 1 gal boiled linseed oil, Oo* 

FinNhed Surfaces. Coated with w'hite lead and tallow. General. 

Surfaces In Contact. Painted before joining. A, Aa, B, C, Cc, R, iTl 
with 2 heavy coats red lead in raw linseed oil on each surface, Y. 

After Erection. 2 additional coats of paint in pure linseed oil. A, Aa, 
It, C, Cc; 2 coats of paint, of different colors, R; 2 heavy coats asphaltum 
varnish, Y. 

At least 48 hours alk'W’ed for drying of each coat, T. 

Columns, etc., for 5 ft above surface of street, etc , 2 heavy coats as- 
phaltum varnish; under sides of bridges, rest of columns, etc., 2 heavy 
coats standard white paint ; * ballast side of trough floors, 1 part by weight 
refined Trinidad asphalt and 3 parts straight run coal tar pitch at 300® F, Y, 

Wherever there is a tendency for water to collect, the spaces must bo filled 
with a waterprtwif niaicrial. C, Cc, 

First coat paint of graphite or carbon primer. Oo. 

In highway bridges, upper surfaces of metal floor plates thoroughly coated 
with asphalt, Oo. 

VI. ERECTION. 

I'ho Contractor i's usually required 

(1) to unload intitcMials after delivery, to furni'-h falseworks and appli* 
anccs, to remove the old bridge, to alter existing hi idge seats; 

(2) to drill and set anchor bolts, to erect and adjust the superstructure, 
and Bometiines to furnish and place flu* wooden floor beams; 

(3) to remove falseworks and appliances; 

(4) to krop the road often for traffic and to avoid interference with any 
other thoroughfare by land or water and interference with other contractors; 
to furnish anti fiay watchmen; to keep material clean and in good order; and 
vo assume all risks of damage to persons or property by reason of storms, 
Hoods or other casualties; 

<5) to furnisJ, pilot nuts for the protection of the ends of pins in driving. 


(2) DIGEST OF SPECIFICATION FOR COMBINATION RAIL* 
ROAD BRIDGES.! 

By Baltimore and Ohio Railroad Co., 1901. 

I. GENERAL DESIGN. 

Type, Howe. 

Rods of steel, with upset ends ; standard nut and lock nut on each end. 
Cast irOT joint boxes and packing s^kioIs. 

Steel gib plates from 1.25 ins thick for 1,25 inch rod, to 1.75 ina thick foi 
2.5 inch rod. 

Splices in lower chon! generally of steel construction. 

II. MATERIAL. 

Lumber, Georgia yellow pine, white oak or white pine. 

Rolled steel. Open hearth. Ultimate strength W,0(X) lbs per sq Inch, 

* Standard red lead paint. 6 gals contain 100 Iba pure red lead, 4 gals pure 
raw linseed ou, one-half pint Japan, free from bencine, Y. 

Standani white paint. 5 gals contain 42 lbs pure white lead in oil, 21 Ibe 
a'hite zinc in oil. 3 gals pure raw linseed oil, T* 

iU least 48 hours between coats, and between final shoo coat and load* 

be used only for temporary purposes. 
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permissible variation, 5 000 lbs; clastic limit, 30,000 lbs; elongation 25 pel 
cent in 8 ins; to bend 180° flat upon itself. 

III. LOADS. 

, ' Dead Load. 

Timber taken at 4.5 lbs per foot board measure. Track 100 lbs per Hn ft. 

Live lioad. 

Max intended load + 25 per cent, to provide for increase and impact. 

IV. STRESSES AND DIMENSIONS. 

Limiting Unit Stresses. 

Timber, lbs per sq inch, max Yellow pine White pin^ White oak 

Bending or direct ten.sion 1,200 800 1,000 

Columns under 17 diams in length 900 600 750 

Columns over 17 diams in length.. 1,200-18 n 800-12 n 1,000-15 n 

where n = length + least thickne.ss; 
n max » 40. 

Shearing, along prain 150 100 200 

Bearing, in direction of grain 1,500 1,000 1,250 

Bearing, perpendicular to grain. .. 350 200 500 

In columns made up of several sticks placed side by side, and bolted 
toother at interval.^, each stick treated as an independent column. 

Steel rods, maxninit stress => 12,000 lbs per sq inch. 

Floor l^ms designed to carry the dead load and the heaviest engines in 
■ervioe without impact allowance. Heiuforce for future increase of Toads. 

For loadings in excess of that used in designing, reduce speed from 60 to 
15 miles per hour, as loads increase to limit of 25 per cent increase of load. 

. V. PROTECTION. 

Steel rods, gibs, etc , 1 coat of paint in .shop; 2 after erection. 

Wood, at joints and at points of contact, to be painted. 

Bolt and rod holes to be saturated with paint. 


(3) DIGEST OF SPECIFICATION FOR ROOF TRUSSES, 
STEEL FRAMEWORK AND BUILDINGS. 

By Baltimore and Ohio Railroad Co., 1901. 

1. GENERAL DESIGN. 

Made principally of shapes. No adjustable meml>ors, except in lateral 
bracing. Lateral bracing proportioned for a full wind pressure of 30 lbs per 
Bq ft of exposed surface, acting in anv direction. Tension rnemhers in brac- 
ing must in all cases pull directly against a stilT strut . If building is enclosed 
and the work is exposed to the action of ga.scs, no oi>cn spaces less than 1 
inch wide left between members, or open pockot.s inaccessible for painting. 

II. MATERIAI.. 

Min thicknass, 0 25 inch. When subject to the action of gases, five-six- 
teenths inch if building is open; 0.375 inch if enclosed. 

III. LOADS. 

Snow, 20 lbs per sq ft of horizontal projection of roof surface. Wjnd, 30 
ibs per sq ft, horizontal, in any direction. Min total, 40 lbs per sq ft. 

’Covering. For roofs, an.! for sides unless otherwise orncred, corrugated 
•heeta. No. 22 gage, 26 ins wide; corrugations, 2.5 iius; 3 ins for slope of 1 
6u2; 6 ins for less slope. Purlins not more than 4 ft apart between centers. 

n^ STRESSES. 

Columns sustaining rwif are consi«!ered as hinged at base, unle.ss so an- 
chored as to be ab-solutely fixed. 

Unit stresses, if mibject to no moving load other than wind, see B, in 
Digest of Specifications for Steel Bridges, and Thgest (2) of B & 0 R R Speci- 
fication for Combination Bridges. Stresses given in the latter to be in- 
creased 25 per cent. 

V. PROTECTION. 

Three coats of paint. If exposed to gases, use bridge paint (see B 1» 
Steel Bridge Specification.s) ; if nut, use standard building paints. 
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SUSPENSION BEDGES. 


Art. 1. Table of data required for calcnlatinip the mala 
cbaina or cables of suspension bridges. Original. 


Deflection 
in parts 
of tb« 

Deflection 
ill Deei- 
1 tiials of 
the Chord. 

.Tension on all 
the .MaIu 
L ength of | Cliains at 
Mum Chuius eiiherSuspen- 
between Sus- ; sion Pier, iii 
pension Piers,' parts of the 
in parts of the' entire .Siis- 
j tjbord. i peiideii tVt. 

|nr the Bridge. 
,aiid its Load. 

Tensinu at the 
Center of all 
tiic Main 
Chains ; in 
parts of the 
entire Sus- 
pended Wt 
of the Bridge, 
and its Load. 

Angle of 
Direc- 
tion of 
theChains 
at the 

1 Piers. 

1 

Natural 1 
Siueiif ihe| 
tiigle of 
Direction | 
of the 1 
Chains, at 
the Piers. 

1 

Natural 
Cosine of 
the Anglff 
of Direc. 
tioa of th« 
Chains at 
the Piero. 

l-W 

O.'.'. 

i 1 002 

5.0.3 

5.00 

Deg Mtn, 

1 5 4.3 

.0995 

.9950 

i-;i6 

.0>R 

1 1 002 

4 40 

4 37 

6 81 

.1)35 

.9935 

1 .'Id 


1 1 003 

.3 78 

8 75 

7 36 

.1.322 

9912 

l-'io 

.01 

1 <K4 

3.16 

8 12 

9 6 

.1580 

.9874 

1-20 

.0.'i 

1 oon 

2 .5.5 

2.51 

11 19 

.1961 

.9806 

1-19 

.0 .20 

1 (SIT 

2 4.3 

2.38 

11 51 

.2060 

.9786 

1-18 1 

.Oj.Vi 

1 008 

2 .30 

2.25 

12 .12 

.2169 

.9762 

1-17 

.ni«M 

1 009 

2 18 

2.12 

1.1 14 

.2‘290 

.9734 

Mb I 

0«2.') 

1 010 

2 06 

2 00 

14 2 

.24-25 

.9701 

1-15 1 


. 012 

194 

1 87 

14 35 

.2573 

.966.3 

1-M 

,0714 

1.01.1 

1.82 

1 74 

15 37 

.2747 

.9615 

i-i:i 

.0769 

1 016 

1 70 

1.62 

17 6 

.2941 

.9558 

M2 1 


1 018 

1.57 

1.49 

18 3.3 

.3180 

.9480 

l-ll 

.0919 

1 022 

1,46 

1..17 

19 39 

.3418 

.9398 

MO 1 

.1 

1 026 

1 .35 

1.25 

•21 48 

.3714 

.9-285 

1-9 ' 

1111 

] 013 

l.'iS 

1.12 

23 58 

.4062 

.9138 

H 1 

125 

1 Oil 

1.12 

1.00 

■26 3.1 

.4471 

.8945 

1-7 

.1429 

1 053 

lot 

.881 

■29 45 

.4961 

.8726 

3-20 

1.1 

1 0..8 

.972 

.8.53 

30 58 

.5145 

.8574 

% 1 

,1667 

1 070 

.901 

.7.50 

33 41 

.5547 

4I.3‘20 

1-5 

.2 

1 098 

.800 

.6'25 

1 38 40 

.6247 

.7808 


•225 

1 122 

.747 

.555 

42 0 

.6690 

.74.33 


.'26 

1 149 

.707 

.500 

45 00 

.7071 

.7071 

.3 1 

.3 

1.205 

.651 

.417 

.50 12 

,7682 

.6401 



1 ‘247 

.6-25 

.375 

.53 8 

.8000 

.6006 

.4 1 

A 

1 .132 

.589 

.3I'J 

58 2 

.8483 

.5294 

9-20 1 

4.5 

1.403 

.573 

.278 

60 57 

41742 

.4855 

« ! 

.5 

1 480 

.559 

.'250 

63 26 

.6944 

.4472 


ThCRC caleiilutioii'* are baaed on the aHauniptlon that the curve formed by the main chains It |t 
parabola ; e liluh In not sinutiy correcu In a finiabed bridge, the curve la lietweeu a parabola and « 
catenarr ; and i« not sunceptible of a rigorous detenfination. It Uiay SHVe SOUie trOIXe 
ble in inakiuKT the drawiniirs of a suspension bridge, to reiuember that when tbe 
deflection does not exceed about -j^g of the span, a segment of a circle may be used instead of thfl 
true curve, inamnueh as the tiro then ooincide very closely ; and the wore so as the deflection be 
eomes leas than The diwensions tatln from the drawing of a segment will uurwer all the par 
poses of esUwaling the quantities of materials. 

The deflection iisnuliy ndopled by enurineers for great epana ia 

about ^2 ipau. As much as is gcucrally confined to small spans. The bridge will 

be stronger, or will require less ari’u ot cable, if the detlectiou is greater , but it then undulates more 
readily , and as undulations tend to destroy the bridge by loosening the Joints, and by increasing Ibt 
momentum, they must be speolallv guarded against as much as possible. The usual mode of doing 
this is by trussing the hand-railing; which with this view may be made higher, and of stouter tim- 
bers than would otherwise lie necessary. In large spans, indeed, it ma> lie supplanted by regular 
bridge- trusses, sufficiently high to be braced together overhead us in the Niagara Kailroad bridge, 
where the trusses are 18 ft high ; Bupp«>rtiug a Hingie-track railroad on top, and a common roadww 
of 18 ft clear width, below,* 


» The writer lielleves himself to have been the first (lerson *o suggest the addition of very deeg 
trusses hraewl together transversely, for large siis|sMisi(tn bridges. Kiirly in 1851 he designed such 
a bridge, with four spans of 1000 ft each . and two of .iflO; with wire "sbles ; and trusses 20 ft ni{|^. 
It was intended for crossing the Delaware at Market Street, Phlinda. It was ptibliclv exhibited for 
■everai months at the Franklin Institute, and at the Merchants' Rxebange; and was flnallv atoien 
from the hall ofihe latter. Mr. Koebitng’s Niagara bridge, oi HHl ti snau, with irussesl8rihigb. was 
not oommenoed until ibe latter partof Ibu'i; or aimui lu months after mine had been publloiy ea> 
biblt< 
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Another rery imporUnt aid ii found la deep iongitudinal door timbers, firmly united ehere their 
#ide meet each other. These assist by distributing among several snspendor rods, and by that 
means along a considerable length of main cable, the weight of heavy passing loads ; and thus pre- 
vent the undue undulation that would take place if the load were concentrated upon onlv two opponite 
suspenders. With this view, the wooden stringers under the rails on the Niagara bridge ire made 
virtually 4 ft deep. The same principle is evidently good for ordinary trussed bridges. 

Another mode of relieving the main cables is by means of cable-ttay$: which are bars of iron, or 
wire ropes, extending like c y, Kig 1, from the saddles at the points of suspeusinn c, d, obliquely down 
to the floor, or to some part of the truss. In the Niagara bridge are 64 such stays, of wire ropes of 
inch diam; the lougestof which reach more than quarter w.ty across the span from each tower. 
They transfer much of the strain of the wt of the bridge and iu load directly to the saddles at the top 
•f the toners, thereby relieting everv part of the main cable, snd diminisliing undulation. They 
end at ennd d, where they are attached, not to the cables, but to the saddles. Thev of course do nor 
relieve the back ttayt. 

Tbe (preatest daufrer arises from the action of ii^ronis' winds 
strikittMT below the floor, aud either lifting the whole platTonn, ami letting 

it fall suddei^ ; or imparting to it violent wavelike undulationa. The bridge of 1010 ft span across 
the Ohio at Wheeling, by Charles Ellet, Jr. was destroyed in this manner. It is said Ui have undu- 
lated '20 ft vertically before giving way. It had no eflcctive guards against undulation ; for although 
Its hand-railing was trussed, it was too low and slight to tw of much service in so great a span 
Many other bridges have been either destroyed or iqiured in the anme way. M’hen the height of the 
roadway above the water admita of It, the precaution may l>e adopted of tie-rods, or anchor rods, 
under the fioor at different points along the span, and carried from thence, inclining downward, to 
the abutments, to which they should be very strongly confined. In the Niagara Railroad bridge .'>4 
•iioh tlM, made of wire ropes Inch diam, extend diagonally from the bottom of tbe bridge, to tbe 
rooks below. They, however, detract greatly from the dignity of a structure 

Mr Brunei, in some cases, for checking undnlatioua from violent winds striking beneath the plat 
form, used also inverted or up cnrvinq cables under the floor Their ends were strongly conllned tc 
the abuts several ft below the platform; and the cables were connected at intervals, with the plau 
form, M as to bold it down. 

Art. 2« The angle ad g, or aci^ Fig 1, which a tang dg or ci to the curve at 
Htber point of suspension c or d, forms with the her line r d or chord, is called tbc An|f Ic Of 
direction of tbe main ebaina, or cables, at those points. Frequently the ends 
eh, and dr, of the chains, called the backatayS, are carried away from the suspeusion piertt 
In atraight lines ; in wbioh case the angles Idr, e eh, formed belwom the kor line e I and the chai 
iudf, beoomn the angles bt direction of the backsuys. 


-e 



Twice the defiection o h 


fineofanifle Of direction «r «fjgr w 

<twice tbe dehectioij p 4* (ttalf tht nhord)* 

Kon 1. The direefion of the tang dg or ei, can be laid down on a drawing, thus ■ Continue the 
line m h, making it twioe as long aa a 6 ; then lines drawn from d and c to Us lower end, will be tangs 
to the parabollo curve at the points of suspension. 

Note 2. If the chord e d be not bor, h» ^<»nll•tlr^l•■^ is tiie cusp, ilio migle 

tnnai be measured from a hor line drawn for the pur|m-c at rmh point of suH|)eu)iioii , as ihe two 
angles will in that ease be unequal, tbe piers being of nncqual beighis. 

TeiiHion on all the main 

•pan and its h 

Sine of angle of direction ad g 


chain* or eablea, tog-ether, 
at either one of the pier*, 
e or d, Fifp 1. 


, V^(« Span)i-|-c7r>efl)j 

2 neflection 


feiiMion on all tbe main 
ehainii or cable*, to«:ethcr, 
at the middle, by of tbe - 
■pan, Fifl 1. 

or = 


Hair the entire suspended 
weigh! of the clear spau X 
and Us load 


Hair the entire «u* 
p pended weight i)f 
thecleHrspaii and 
iu load. 

Cosine of angle ol 
direotlou a d g 


Sine of angle of dirttetion adg 

Half the entire susiiended weight of ^ Half Ihs 
^ ^ the clear span and its load ^ span 
Twice the defiMtion 

Tbe dilTbgtweeB the tensloos at the middle, and at the points of suspension, ta so trifling with the 
proportion of obord and deflection ooniroonly adopted in practice, vis, from about that it 

ie usually negleoled ; inaamuch as the ssting in the weight of metal would be fully oompensated for 
hy tbe incroaaed labor of manufacture in gra«lualiv reiiucing the dlniensione of the ebaint from the 
l^ts of suspension toward the middle , and In preparing fittings for parts of many dilforent eiMS, 
flw reduction has, however, been made in some large bridges with wrougbt>iroii main ohalDtl hu* 
iBlumewlth wire cables. 
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Art. 8A« Ab it i« aometimeB conTenient to form a roug^ idea at the moment, of 
tht Biie of oftbles required for a bridge, ve inoeet the Mlowixtg rule fcr ftnetag KpproxtmstelT the 
area ia iq ini of •did Iron in the wire requlredto lutain, with a eaSstT of 8,» the wdght of the bridge 
itielf, together with an extraneooi load of 1.2(» tone per foot mn of ipaa ; wbieh oorreqmidi to IM 
Tbi per iq ft of platform of 27 ft cZior avaiUMe width. This euffloee for a dooUe earriagO'Way, and 
wo footwaji. The deflection ii amumed at of the ipaa ; and the wire to have an nltimate 
Arength of .16 tons per loHd square inch, 

For spana of 100 ft or more, 

Kui.a. Mult the span In feet by the iquare root of the ipan. Divide the prod by 100. To the 
fuot add the sq rt of the ipan. Or, ai a formula, 

ilrea of rolid metal of aU tpan X tqrtof tpa,n 
tht cablet ; in eguare ini ,* — ■ ■ ' ^ igrt of tpan. 

for ipani over 1 00 /eet 100 

For spanit leu than 100 feet, proportion the area to Uiat at 100 ft. 

If a defl of ii adopted initeod of '^^j, the area of the oablee may be rednced very nearly part. 


The followlnir table la drawn up from thla rnle. Tlie 8 d col 

givra the united areas of all the actual wire oables, when made up, including voids. (Original.) 


Si'itn 

Feel. 

<. lii 

in III! the 
('.ibics. 

Amis of 
1.11 the 
Kim shed 
Caliles. 

Span 

F.-et. 

Solid Iron 
In all the ; 
Cables. 

Area* of 
ait the 
FlnMied 
Cables. 

Stwm 

Feet. 

Solid Iron 
ill all the 
Cables, j 

; Areas of 
all the 
Finished 
Cables. 


Sq liiM. 

Sq. Ins. 


Sq. Ins. 

Sq. Ills 


Sq Ins. 

Sq. Ins. 

1000 

.148 

44G 

400 

100 

128 

150 

S0.6 

30.« 

SHW 

300 

.iH,5 

.150 

84 

108 

125 

25.2 

32.B 

800 

254 

320 

100 

m 

89 

100 

20 

25.0 

700 

212 

27*’ 

250 

55 

71 

75 

15 

19.2 

GOO 

1 171 

219 

200 

42 

54 

50 

10 

12.8 

.500 

1 134 

•71 

175 

3G.4 j 

467 

25 

5 

0.4 


Having tho areas of all the actual cables, we can readily And tbeir diam. Thns, luppose with i 
■pan of 500 ft, we intend to use four cables. Then the area of each of them will be ~ = 43 sq ini, 

and from the table of circles, we see that the eorrespondlng diam is full 7H Ins. 

The above areas are supposed to allow for the increased wt of a depth of truss, and other addition! 
necesaurr to “ooure tlie bridge from violent winds, and from undue vibrations from passing loads. 


Uientiy provided for, (a of great aervioe in reducing ttbdulatkm. 

We do not think that diagonal borixontal bracing should, as Is nsunl, be omitted under the floor. 
It may readily be effeuied by non rods. 

All the cables need luii be a' the tidet of the bridge. One or more of them may be over its axis; 
especially in a widi bridge. One aide footpatb lu the ceuier may be used, instoad of two narrow 
ones at the aides. 

The platform or roadway should be slightly cambered, or curved upward, to the extent say of about 


* The writer mnst not be understood to advocate a safety of 3 ugamsi iitO lbs i er sq ft, in addlthm 
to the weight of the bridge, in all oaRea. He believes that limit to be abou* U snlDoient one for a pm. 
perlv designed wire suRpenslon bridge'fnr ordinary travel ; but for an important railroad bridge, he 
would (aooording to poattloD, exposure, to) adopt a safety of at least from 4 to 6 against the grsetnst 
poesible load, added to the wt of the bridge. A train of oars opposM a great sorfaoe to tl^ aelion of 
■ido winda ; and trains must run during violent storms, as well aa during calms ; hut a large oaea 
Vidge for oommon travel is not likely to be desiaely crowded with people during • aevnre elorat. 



768 


SUSPENSION BRri)(4ES. 


Art. 3. Tenufon on the baek-MtayN, c h and d r« Fiitr 1. and 
•trainil on the piers^ or towais, or pillarH. It tbr ansle ol direction adtj and 
the aacle I dr, betweea the back-iiUra and the hnrizoutai, are equal to each other, the teusiou on the 
baok-atar* will be equal to tUt on liie niHln cable'* at the top* of the piera; and the preasure on the 
pier* will be vertical , but It the two anglea are uueauul, then these tensioua and preiaures will de- 
pend, to a verv important extent, upon the manner in which the ohaina or oablea are Bxed to, or laid 
neon, the tops of the piers. 

Art. 4. In Fi|pi 

2, 3 and 4, tiie liirra 

dnm are aupiMiHcd to Ik* im- 
movable , Hitd the cable* 
kdu, passing over them, 
restimmedia' upon bon 
zontal rollers whtchhavtno 
other miKion than that of re- 
vofvinff about their hortion- 
tal axe* ; the frame to which 
thejf are attached being bolt 
ed to the top of the pier. On 
these rollers the cables slide, 
when change' of loading 
or of teiiipt'raliire produce 
changes lu chrir directions. 

In this case the ten- 
Nion on tlie bnek- 
HtHyn is equal to (baton 
the main cable .See Kunio- 
nlar .Machine. 

To ttnd the direction and 
amount of thenreHHIiro 

on the pier; from d, 

Fir 'i, 3 or 4. laj olf cl« and 
d r, each equal, b.v scale, to 
the tension, In tons, on the 
mat, I chain at (f , and froms 
and r la) It off to 0 In other 
words, draw the paralleto* 
gram devr, and its diagonal 
dv Then will (/ ti give tbt 
direction and itmonnf of the 
pressure upon the pier. 

Wbeu, a* ill Fig 2, the 
angles adg and idn are 
equal, the pressure d v will 
be tertumi and equal to the 
ewfirr Weight of tUu deal 
span and its kiad. 

When, .la lu h iga 3 and t, 
the angles adg and I d m are 
unequal, the pleasure d i> 
will u«t he vertical but will 
incline from d toward ttao 
iiiialler angle. 



When, aa in Pig 4, 1 tt exoeeda adg, the pressure d o will be greater than the entire w eight of th( 
elenr span and Ita load. 

If we enppoee ejumietrioat piers, d n m,to he used lu each case, the base m n of that in Fig 2, maj 
be mnob narrower than in the other two Hgt ; liecause, the ilircctiuu of d v being vertiral the preaant 
has no tendency to overturn the pier. In Fig 2, the masonry of the pier should be laid in the ueual 
horizontal oonraee, in order that its bed Joints nmy be at right angles to the pressure upon them. 

But. in FtgaS and 4, if the bases were made as narrow as in Fig 2, the lines of direction dv. of the 
'pressure, would fkii outside of ibem ; and the piers would consequently be in danger of overturning. 
Also, the ftmiea of the maaonry, if laid in bnrirnntal courses, would have a tendency to slide on each 
ether. To prevent this, the beds should be at right angles to d v 

In Pig 3 the obliquity of the pressure would tend to slide the base of the pier outward as shown 
by the arrow ; but in Fig 4, inward This tendency Is produced by the hontontid component of the 
force do. Tbo amount of this may be found thus, in either Bg * From d downward draw a vert lino 
at in Fig 4 , and from v a hor one meeting it In z, then vt. measured hy the same scale of tons as 
before, will give this horizontal force, and d z will give the vertical component of the pressure d «. 
The oliiMt upon the pier, of the one pressure d v is precisely the same as would he produced u|ion It by 
eoe rertieal force equal to d a and a horizouul one equal to vz acting at the same time, us explained 
■nder Composition and Resolution of Forces. 

If, in either lig, we draw the vert lines sp and ro. see Fig 4. thmd o. measd by the foregoing acale, 
will five the tons of horizontal pull, and ro the vertical pressure, prodnoed on the pier by tbo baok- 
stay ; and p i and pt wilt. In like manner, give the corresponding forces produced bv tbo main ebain. 
If we add tofetber re and p • they will be found to be euual to d x. and if we *abtmi d o from p it 
their difference will eqnal • t. It Is this differenoe only that tends to slide, or to upset, the pier ( tbs 
other portieos of de and jsd neutralizing each other in that respect. 

The forefoittf atraint may all be calculated, thus; 

ReriMbtttjil pall laward br th# main chain = Tension X Cosineefetff 

“ “ oni ward by ilie back -Mt ay =; Tension xGoaimor I di« 

Vertical prcMare by main chain r Tant.on x Wm of « d 

^ backHitay BToMienxsiDtoridii. 



SUSPENSION BRIDGES. 


769 


Art« 9. If thf* c.-ibles pass freely orera loose pin.cf, Fig4 A, siipporleil liv a littk L, 
singing from the f*xed pin jr, lud capable of moving freely about both 
•f its pint , the tenitiou in the baok-itaj wiil, la before, be equal to ^ » p' 

that In the mam cable ; and the direction and amuaut of the atraiu C lff.4 A I 'JL-v I ' <9 
on the pieix will be found in the name way aa for Flgutl, 3 and 4; 

namely : lay off (i a and d r, each equal to the teuaiou, and draw the tVfiyyp 

parallelogram dtvr. Then will d v give the amount and direction of 

the itrain on the piers. This last will, of course, be trauninitted through I / ^ T 

the pins and the Hull, The amountof tension on the link will be given ^ \ 1/ ^ ' 

by the length ut d u; and the liuk (being free to move) will be in hue I K 1 

with this teusion. The sheai tug strain on each pin Is also given by d e. » /LJ2 wI 

Art. 6. Bill If the fuds of the cable and Imok-stsiy, 

Figs 4 It. 4 C ami 4 1), at the top of the pier, be mads ftul to a truck 

or wagon which is supported by rollers on a smooth platform on top of the pier, the axles of tig 
rollers being Uzed in the truck , then the atraiu on the back-stay will not be the same as that on th« 
cahii*, unless ibe angles ad g and Id u are equal, as lu Pig 4 B. 

II adff excecils i d' u, as in Pig 4 C, the strain on the ^ 

buck still » ill iH. less than that on the cable, and vice versa (v (v 7 

(Fig 4 U). O / F^ 0 V 

Hut, lu eithei esse, if the top of the pier Is horlzontHl, -j ~ ^ "T* 

us IS iisuallj the eiise, the hori/oiilal roiuponeutH of the ^ ' 

sti aiiis (III the Cullies and on the back-stay s. will be equal, 1 — U, '^1 

anil will thus oouiiieiiiot iMCIi othei, and there willctinse- H I " I 

queiilly be uu hoii/oiital or oblique strain on the pier O I ,J 

That is, the strain on the pier will be vertical ^ Fi<»“ 4 H 

To And the amount of tho Ion. 7 7/ 

Hioii on Ihrbark'Stay.umiultbcprrH. (I j 

sure on the pier; on tig In either Kij; 4 (( 0 L 

B. 4 r or 4 1), lav ort ds, equal, bv scale, to the teusioti 

on the cable at d Draw d e perpendicular to the surfaee ^ 771 

wn on which the rollers rest. We asMinie that mn is ■ /i / 

hoiixontal, as IB geneialh , hnr not neceisarffy. the ease 6/ 

gild d u, therefore, vertical. Draw s e horizontal, or pai- ^ C 

Then * r will give the hnriznntal pull of the main cable 7 7/ 

on the wiigoti, and d e w II give the vertical pressure of (V H j 

the wheel d oil the lowei (to winch that of the wheel d' has ^ ^ 

yet <0 beadited), P'roiii d' l.iy off d o hoi Irniital, and equal ” T"’"' 

to s 11 and draw ro teilica’llv. Then d’r will give the I 

smoiiiu of the pull on the back stay . and ro will give the _ J ” | 

verticul piissiire of the wheel d' on the pier; which /."if V N, I 

must be added to d e for the fofaf vertical pressure. U L--'"' — 


strains may be cuicnioted, thus: 


FlgA D 


HoriEoiifal pull ) , 

fopTr /h? X 
strain d>0.b.ok. | ^ 

PreH on pirra perp ) /Tension da e. « . ,« m 

to surf on which the rol- f ^dv-^-ros/ on main X -f. ( 

lers rest ) ^ \ oableatd ^ ^ Von back stay ^ Id’U ) 



(heir tope; from d draw d s. equal, by scale, to the tension on the main cable at d; and d w toward 
the foot of the post. From s draw a r parallel to the back stay, and meeting d w in r. Then will 
s r give the airain in the back stay, and d r will give the amount and dlreotion of the preasure upon 
the post. 

Art. 8. As in the Niapnva bridge, the cables often merely reet upon 
Kuivable trucks, or saddlea, T Pig 4 K. curved on top to avoid sudden benda in the oablos and reailnt 
ipnn loose rollers which lie upon a thick horizontal iron plate bolted to the top of too pier, and are 
bee to more horizontally. In such oases the angles ad p and t d'w are made equal ; ro (hat the puUh 

9 The lines a f and tv must be diawn paraUet to tht turfact m n on wJUeji rhewaoon tvaia whathtf 
laM surface he horizontal or inclined. * 
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' Md d’r are equal, as are also their horlsonta) oomponents p d and d'o’and the preunreion thi 
pier are vertioal ; and if ohanqes of temperature or of loading produce slight changes in the angM 
adg and I d' u, the truck will (by reason of the Inequality thus brought about between the hori 
.toutal eomponenu) more ffer enough to restore the equality between the angles, and between the 
horizonul oomponenu, and oonsequeutly the pressure upon the pier will at all times be rertioa). 

Art. 9. To fiuii,Hpproxiiiia«ely,the length of a main chain 

c 6 d t Pig. 1 ; haring the span c d, and the middle dell a 6. See preceding table, Art I . 

Bal/ length of main chain = \'i^ (dcti^i (>s chord)*. 

In Henai bridge the chord c d is 579.874 ft . and the deli U 4.'i ft. 

According to the above runnuia, the entire length is 58H ,h feet. By actual measurenent the ohala 
Is precisely 590 feet. The approximate rule below gives 5b9 764 ft. 

Nora. The lengths obtained by this rule are only approximate, because the calculation is based 
upon the supposition that the chains form a parabtilic curve ; whereas, in fact, tbit curve of a flnished 
bridge is neither precisely a parabola, our a catenary, but intermediate of the two. 

The following simple rule by the writer is quite as approximsle as the foregoing tedious one 
when, as ti generally the case, the dotl Is not greater than of the chord, or span. 

Length of mam chain when ded does not exceed oue tweirtb of the spun ~ chord .23 dcfl. 

Art. 19. To find, approximately, the length of the vert 
xnxpendinK riKlM jr p, Arc, Fi^ 1; HMMnmiiiK the curve to 
be a parabola. 

Lwl a ng I, be any point whatever in the curve ; and let x v be drawn perp to the chord c d ; and 
*/ P^rp to a 6 ; then in any parabola, as u c2 ; au^ * : ab • hf. And 5/ thus found, added to b (, 
(which is supposed to be atreadv koowo. being the length decided on for the middle suspending rod,! 
gives X ]/, the length of rod reqd at the point z , and so at any other point. 

If If / thiiN found be taken fVoni the middle deflection a b, 
it leavcM ir jr ; and tliun any dellectiun w x of the main cliain or cable, may be 
(bund when we know Us bor dist, a w, from the center, a, of the span. 

In the foregutng rule, the floor of the bridge is supposed to tie straight ; but generally U is raised 
toward the center ; and in that ease, the rods must Brsi be calculated as if the floor were straight 
end the requisite deduotioni be made afterward. Vbcn it rises in two straight lines tneetlog In the 
oenter, the method of doing this is obvious. M'ben an arc of a circle is used, Us ordinates may be 
Olculated and deducted fiom the lengths obtained by this euie, 

Or, having drawn the curve by the rule for drawing a paralMila. the dtnieusious esu he approx* 
teated to by a scale. The adjustments to the precise lengths luust he made during the actual con* 
struotion of the bridge, by moans of nnts on their lower screw-ends. The rods require, therefore, 
only to be made long enough at first. 

The towers, piers, or pillars, which uphold the chalm or 
eables, admit of an endless variety in deslim. Ai^xirding to cir- 

enmsianoes, they may consist each of a single vertioal piece of Umber, or a pillar of oast or wrought 
Iron; or of two or more such, placed obliquely, either with or without oonnecting pieves ; like tim 
bents of a trestle, Or they may be made (with any degree of or- 

namentation) of cast iron plates, as in iron housc-frunU. ' Ur they may be of masonrj, brick, or 
eonoretc ; or of any of these oomblned. 

Each of the snspendlnip-rods, tliroti;;1i tvliirh tho floor of the bridge U 
•pheld by the main chains, requires merely strength suflicivnt tu support safely the greatest load 
that can oome upon the interval between it and bair-way lo the nearest rod on each side of it; in- 
coding the wt of the platform, Ac, along the same Interv at. 

luanehorlnc the backstays into the larronnd, it is neroRHary t» 

*eoure for them a snfficiratly safe resistance agaiiint a pull equal to the sitain, u]H>ii llic backstay. 

As to the anehoranre of the cables l>olow the Bumv'e of the ground, 

oatnral rock of 9rm oharaoter is the most favoi able material that can present iuelf. When it is not 
present, serlons expensd in masonry must be incurred in large spans. In order to secure the necessary 
weight to resist the poll of the oables. Our Figs give ideas of the modes most frequently adopte<L 
For a very small bridge, sueh as a short foot bridge, for instanoe, the baokiUys may simply be an- 
chored to larga stones, 4, Fig A, burled to a sufflolont depth. Or, if the pull is too great for so simple 
a preoaotlon, the bioekof masonry, mm. msy be added, enclosing the backstay. A olose covering 
of the mortar or oemeat of the masonry has a protecting elTect upon the iron. 

To avoid the neoeasity for extending the backstays to so great a dlst under ground, they are nsuall v 
enrvei near where they descend below the surfsoe, as shown at B, D, and B; so as sooner to reach 
the reqd dmth. This ourving, however, gives rise to a new strain, in the dtreetion shown by tbs 
arrows tn Figs B and D. The nature of this strain, and the mode of finding lu amount, (knowing 
the pan oo the baekstay,) are verv jrimple; and fully explained under the bead of Fnnloular Ma- 
ehlM. The masonry must be disposed with reference to resisting this strain, as well as 

that of the direst poll of the baekstay. With this view, the bloeki of aUne on which the bend reete 
ehonld ha laid la the posMon shown in Fig D ; or by the single block in Fig B. Sometimes the bend 
Is made over a east-inn chair or standard, as at z. Fig F, firmly bolird to the masonry. 

Fig ■ shows the arrangement et the XIagara railway bridge of 821 M f* spsn. The wire baskatays 
and at eel Mid ftwm there down to their anchors, they consist of heavy ohaios; each link of which 
Is oompoiM of (alienately) 7 or 8 parallel bars of fiat Iroo, with eye ends, tbroogb which pais bolts 
Baeh or the 7 bars of each link is 1.4 Ins thiok, by * Ins wide, near tht 
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loweit p»rt of the chain ; hut they gradnolly InoreMe from tbenoe upward, until at e, e, where they 
ouite with the wire cable, the acoiional area of each {tnil; is 03 sq iUH. Theee chain backstayi paai is 
a curve through the iua«slvo approach a alls. (28 ft high,) and descend vertically down shafu *, s, 25 
ft deep in the solid rock. Hero they jpasg through the cast-iron anchor-plates, to which they are con* 
fined below by a bolt .St, ins dinm. The anchor plates are 6}^ feet square, and ins thict ; except 
♦or a space of about 20 ins bj 26 ins, at the center where the chains pass throngb, where they are 1 



foot thick. Through (his iliirlc part Is a separate opening for each bar composing the lowest link. 
Prom this part also radiate to the outer edges of the lower face of the plaie. eight ribs, 2Hi iui tbiek. 
The ahafts s, ,, have rough sides, us they were blasted; uiid aterage 3 ft by 7 ft across; except at the 
bottom, where they are 6 ft square They are oompletcly filled with oeuieiit masonry, with dressed 
bods, well ID contact with thu aides of the ahafts; and thoroughly grouted, thus tightly enveloping 
the ohaius at everv point, as does also the masonry of the approach wall lotr; which extends 28 n 
above ground , and U 6 ft thick at top, aud lOj-j ft thick at its base on the natural rock. 

D, Figs 4)<j. shows a mode that may be used in most cases, for bridges of any span. The depth 
and the area of transverse section of the shaft, and oonsequentiy the quantity of masonry in it, will 
depend ehu-fly upon wbi ilier it U sunk through rock, or through earth. If through firm rock, then 
if Its sides lie made Irn gular, and the masonry made to fit aecurely into the irregtilnritiea, mnch re* 
lianoe may be placed upon it to assist the weight of the masonry in resisting the pull on the book* 
st^s. Karlh also assists materially in this respect. 

F la the arrangement in the Chelsea bridge of 8.33 feet span, across the Thames, nt London ; Thos. 
Page, eng. The space from one wall b 5, to the opposite one, is 45 feet; aud is built up solid with 
brickwork and conoreie; except a passage-way 4 ft wide, and 5 ft high, along the backstay ; and a 
small chamber behiud the anchor-plates. It rests chiefly on piles. 

The arrangement by Mr Brunei, in the Charing Cross bridge, London,* is verv similar. In It also 
the entire abutninit rests on piles; and is 40 ft high, 30 ft thick, and solid, except a narrow passage- 
way along the ohaint The baoksUrs extend into It 60 ft. Span 676 feet. Dell 50 feet. 

O is iulciided merely as a general hint, which, variously modified, may find iu application In the 
case of a sm.iU temporary, or even (lermanent bridge ; lor the nunilier of pieces, £, t, Ac, may bo In- 
ereased to any necessary extent ; and they may bo made of iron or stone. Instead of wood. 

In order that the backstaja waaj be acccmible, ibej are fre. 

quonily eariied through openings lelt in the masonry for the purpose Thus, the masses, mm, 
of masonry, at A and B, Figs 4)4, Instead of being made solid, may ooniist of two parallel ealls, 
between which the backstay may pass; and the anchor-stoni's, or anchor-plates, will extend 
across the space between the walls, aud have their bearings against the ends of the walls, la D, 
B, and F, the cable mat be mpposed either to he tightly surrounded bv the masonry and grouted to 
It, or else to be surrounded iqr * oylindrloal passage-way like a out vert, 'so as to be at all times mooes- 
slble. 

Soft friable stone must be carofnily excluded ffom such parts of the anchorage as are moat 
directly opposed to the puli uf the backstays. 

If blocks of stone large enough for securing good bond are not procurable, heavy T-rsUs, hereof 
iron, or I-beams, may be advautageously introduced for that purpose. 

The masses most be founded at such a depth as not to slide by the yielding of the earth in front 
of them. 

For safety. It is well to disregsrd the effect of friction in diminisblag the tension on the baekstav. 
and to regard that tension as eoatiniiing uniform throughout the backstay to its end, even when th* 
backstay it eurved and imbedded in the masonry, as at F., Figs 4)4. 

Tbe Bide parapetB should be high aud stout, so as to act as stiffening 
trussee, aud should not bo restric ted to service as mere hand-rails or guards. At a rule of thumb 
their droth maybe msdeoc )4 V spsa, provided tbe depth be net less than that required fbra 
Band-rail. Tbe parapeta should be stoutly onnstruoted, with special attentloo to the strength ol 
their joints, for these are exposed, by the undulations aad lateral motions of the bridge. toxM^ 
deranging fbroee la ail direotiona 


» Bemoved to Clifton, England, in 1863, aud replaced by an iron truss railway and toot biidfe. 
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The wel^to In the followlns table of oourte include the head : but the leBsAe* ae ainaL 
tn taken “ under the head /'or are ihoee of the alianka only. In practice, diecrepanoiee of 5 or • 
per ct in wt may be expected. 


Length 



Dlamatort of Blveta In laohet. 



of Shnnk. 
Ins. 

% 1 

1 

^ i 

^ 1 

% 1 

1 1 

iVs 1 

1% 




Weight of 100 Blveto, 1* povndt. < 




3.0 

8.5 


.... ] 





% 

i 3.8 

9.9 

17.3 

... i 







1 

4.6 

11.2 

19 4 

25.6 

38.9 




«... 


6.4 

12.6 

215 

28.7 

43.1 

6.5.3 

91.5 

128 


. 6.2 

13.9 1 

23.7 

31.8 

47.3 

70 7 

98.4 

183 


6.9 

15.3 

25.8 

34.9 

51.4 

76.2 

105 

142 

2 

7.7 

1G6 

27.9 

37.9 

.55.6 

81 6 

112 

1.50 


8.6 

18.0 

30.0 

41.0 

59.8 

87.1 

119 j 

159 

y 

9.2 

19.4 I 

32.2 

44.1 

64.0 

92.5 

126 ! 

167 


10.0 

20.7 

.34.3 

47.1 

68.1 

98 0 

13:5 ! 

176 

3 

, 10.8 

22.1 1 

:{6.4 

502 

72.3 

103 

140 

184 


11.6 1 

23.5 j 

38.6 

63.3 

76.5 

109 

147 1 

193 


12.3 j 

24.8 1 

40.7 

56.4 

80.7 

114 

1.54 

201 

7* 

13.1 

26.2 

42.8 

69.4 

84.8 

120 

161 

210 

4 

13.8 

27.5 

45.0 

62.6 

89.0 

12.5 

167 

218 


14.6 

28.9 1 

47.1 

65.6 

93 2 

131 

174 

227 


15.4 

30.3 ' 

49.2 

68.6 

97.4 

136 

181 

236 

% 

16.2 

31.6 

51.4 

71.7 

102 

142 

188 

244 

6 

16 9 

33.0 

635 

74 8 

106 

147 

195 

253 


17,7 

:i4.4 

55.6 

77.8 

110 

m 

202 

261 

U 

18.4 

35.7 

57.7 

80.9 

114 

158 

209 

270 

% 

19,2 1 

37.1 

59.9 

84.0 

118 

m 

216 

278 

c 

200 

38.5 

62.0 

87.0 

122 

169 

223 

287 

H 

21.5 

41.2 

66.3 

93.2 

131 

180 

286 

304 

7 

28.0 

43 9 , 

70.5 

99.3 

139 1 

191 

250 

821 

H 

24.6 

46.6 

74.8 

106 

147 

202 

264 

338 

8 

26.1 

49.4 

790 

112 

156 1 

213 

278 

355 

9 

292 

54.8 

87 6 

124 

173 1 

m 

806 

389 

10 

32.2 

60.3 

96.1 

136 

189 ' 

2.56 

833 

428 

11 

35.3 

65.7 

105 

148 

206 

278 

361 

457 

12 

38.4 

71.2 

113 

161 1 

223 

m 

888 

491 


The dlAin •f rlvel* for bridge work is from 1 inch ; usually to 
aod for plates more than inch thick, It is about lotimi's the tliicknetis; 
arid for thinner ones about twice; hut the.se proiMjrlioiis are not dosely adhered 
to. The eoininoii form of rivet* a.s uold i.s shown at 11, KIks :i. a head 
and the Mhnnk in one pitjce; and S shows the .same wlmn after bcinit lieated 
white hot it is inserted into it.s hole, ami a second head tcfum-ali formed on it by 
rapid hand rivetinit as it cools. When lonirer llinii tt Iiim they 

are cooled near the middle licture hciii(' iiist*rtcd, lost their contraction in cooling 
•boald aplit off their heads. The bemispberjeal heads often seen, called Huap 
head*, are formed by a machine. The two heads alone r^ulre about 
as much iron mb 8 dhuns length of shank. Lengrth of a head « aboat 1 
diam of thank ; and its width about 2 diams of shank. 


Rivetinif of Nteam and Wafer Ti|rht Joiiila. 

Jointo for boiler* and water-tight cisterns are usually proportioned at>out 
at per the following table by Fairbairii ; and are made us shown either by Fig 1, 
or Fig 2. Fig 1 i.s called a *iii|trle-ri vefed, and Fig 2 a donhl«*rl veted 
liut-joint* The dist a a, or c c, is the lap. 

Mr Falrbaim considers the strength of tne single-riveted lapdoint to be about 
.56; and that of the double-riveted, about .7 that of one of the Ailt uoholed 
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platt's, when both joints arc proportioned as in his following table. But some 

later experiiueutcrs consider about 
.5 and .6 as nearer the correct aver- 
age. Experiments on the subject 
are quite conflicting; and it is 
plain that no one set of propor- 
tion.s can precisely suit all the dif- 
ft'rent qualities of plate and rivet 
iron. With fair qualities of both 
there is every reason to rely upon 
.5 and .6 (or about one-seveutli 
part less than Fairbairn’s assump- 
tion) as safe for practice. These 
proportions include Irietion (Art 4), without which they would be about .4 and .5. 
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Fig 1. Fig 2. 


FalrbAirn^a table for propitrtioitingr Ihr rivetinfg for steam 
and WHter-tltrht lap-joints. 


Thiokneis of 

DlaraelPr ot 

l.enxth of shank 

From center to 

Lap in ainfie 

Lap in double 

ruh pUte 

ri vets. 

before drltiug. 

center of rivets. 

riveting. 

riveting. 

Ins. 

lai. 

lot. 

Ins 

Ina. 

Ini. 

j 

% 

Vh 


IK 

2* 

WC 

'i 




si 


iii6 

1% 


2 


i i 

15-16 

IKh 

8^ 

2y. 

8 
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Blvetinv of Iron |girders« bridg^es, 4^e. 
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Figs 3. 
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Art. 1. The subject of rivetinig Is abstruse, and involved in 
much uncertainty ; and experimental results are very discrepant. We here pro- 
pose merely to confine ourselves to what is considered the best joint; and for 
safety we shall omit friction; see Art 4. In giider and bridge work the lap- 
joints above described are seldom used. Instead of them, the plates p, Figs 8, to 
^joined, are butted up square i^inst each other, thus forming a butt-joint, 
t i, Fig D; and are united by either a single roverinc-plate, rover, 
wrapper, flah-plate, or welt e e. Fig K ; or the best of all by two of them, 
as at A, or 0 0 , 0 0 , Fig li. In what follows, the term plate never Includes the 
covers. The single cover, like the lap-joint, allows both plates and cover to bend 
under a strong pull, .somewhat as at W, thus weakening them materially ; whereas 
the double cover oo,oo. Fig B, keeps the pull directly along the axis of the plates, 
thus avoiding this bending tendency. It .ilso brings the rivets Into double shw. 
thus doubling their strength. When there is but one cover, it should be at least 
M thick as a plate ; and when there are two, experience shows that each had bet- 
ter Iw about as thick as a plate, although theory requires each to be 

tNit as thick as a plate. 
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fhe leus'th w w of covers across the Joint is equal to that of the Joint 

Butts require twice as many rivets as laps, because in the lap each 
rivet passes through both the joined plates; and in the butt through only one. 

The rivets and plate on one side only (right or leTt)of the join^ 
line i i of any properly proportioned butt-joint D, represent the full strength 
of the joint, inasmuch as those on one side pull in one direction, against those on 
the other side, which pull in the opposite direction. Therefore in designing such 
joints we ne^ keep in mind only those on one side, as is done in what follows. 
Thus a single, double, or tnple-riveted butt-joint D implies one, two, or three 
rows of rivets on each side of the joint-line i i, and parallel to It. Iii a prop- 
erly proportioned Icm the strength is as all the rivets, wcause one-half of them 
do not pull against tne other hmf, but one end of every rivet pulls in one direc- 
tion, and its other end in the opposite direction. . 

Tne net iron, net platc^or net Joint, is that which is left between 
the rivet holes, and outside of the two outer ones, all on a straight line drawn 
through the cenitrs of the holes of one row. Its widt h and area are called the net 
anes of the joint. That between other rows does not increa.se the strength. 

In Flip :i, N, and K, the rivets are in «iln«c1e shear, while those m A and H 
are in double shear. 

Art. 2. Bridts'e-Joints are not required to be steam or water- 

tieht like thoseol l>oileisor eistems ; and, iheiefore, by increasing the hrejultli 
of the overlap, oi the length of the covens, the rivets niaj he platril in seveial 
rows behind each otlier, as the It rowsof 3 nvetseacli m .M and 1>, in-teud of onl> 
one rowof 9rivets, as in L. lly^Jhis means, without losinguny of the .stieiiglli of 
the 9 livefs, or of the net non, we may narrow the widtli of the plate to an ex- 
tentequal to the combined diams (6 in this case) of the holes thus distienstxl «iih 
in tlje one row. Moreover, by u.sing more than one row we lessen the weakening 
effect shown at W. This mode of placing the rivets directly lajhiud each other ia 
several rows, as at M, and at ^he Vft-hand half of Fig D, constitutes Mr Fair- 
bairn’s chain rivetinc; but the loint will be somewhat stronger if the rivets 
are placed in sitesafpins: order, as in the right-band half of Fig D. 

Tne dist apart of tbe rows from cen tocen should not he lens 
than 2 diams. It is questionable to what extent this incrca.se in the number of 
rows may be carried without an appreciable loss of strength in the rivets conse- 
quent upon the impossibility of quite equalixing the strains on the separate rows. 
But it is probable that If we do not exceed 2 or d rows in laps, or the same num- 
ber on each side of the joint-line in butts, we may in practice assume that each 
row, and each rivet, is nearly equally strained. 

Rivet-holes are usually of about one-slxtcenlh Inch greater diam than the 
original rivet, so as to allow the hot rivet to be easily insertinl The sulisequeiit 
hammering swells tbe diam of the rivet until it fills the hole. We may either 
take this increased diam of rivet Into consideration, as we have done, in calcular 
ting its shearing and crippling stren^h, as explained farther on, or with reference 
to increased safety we may omit it. Drilled rivet-holes are said to be better 
than punched ones, as the drilling does not injure the iron around them ; but on 
the other baud their sharper edges are said to shear the rivets more readily. 
Hence, such edges are sometimes reamed off. Both these points are, however, 
dispute : and both modes are in common use. 

The ulst from the e<lice ofn hole to the end of a plate or cover should 
not be less than about 1.2 diams, to prevent the rivets from tearing out the end 
of the plate; nor nearer the side edge of a plate than half the clear di.st between 
two holes as given by the Rule in Art .1. The first i-, ratlier more than I'alrliuirn 
ilirBcts 

Rivet holes weaken ihe net Iron left betwot'ii them, not only by the 
loss of the part cut out, but either by disturbing the iron around them, or fwrhaps 
by changing the shape of the net line of fracture, which may not then resist 
tension as well as while it was a continuous straight line. Some deny both cause 
ai^ enect entirely, each party basing it.s onininn on experiments. But the mass 
of evidence seems to the writer to show that the net iruii loses on an average 
about one-eeventh of the strength due to the net width With a view to safety, 
which we consider to be of paramount ini|K>rtance, we shall in what follows 
assume tuntil the ouestion is definitely settled^ that there Im such a loss of 
strength in the net iron. 

Riv«i«d Jointii for roiiiprewMion should depend, not as 

might be supposed upon their butting ends, but upou either the shearing or the 
crippling strength of the rivets; for couiracllun or had work may throw the 
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pressure on the rivets. Machine rivetiiii: is somewhat stronger than that 
done tas is a88utne<i in our examples) by hand. The thicknens of plates 
used in girders, tubular bridges, Ac, is usually .25 to .6 inch ; with thicker ones 
up to 1 inch sparingly in large ones. A pHckiniP piece, as the shaded piece 
in P, is one insert^ between two platas to prevent their being bent or drawn 
together by the rivets. 

Art. 3. A riveted Joint may yield in three ways after being 
properly proportioned, namely, by the shearing of its rivets; or hy the pulling 
apart of the net plate between the rivet holes; or by the crippling' (a kind of 
compression, mashing, or crumpling) of the plates by the rivets when the two are 
too torcibly pulled against each other. It also compresses the rivets themselves 
transversely, at a strain than the shearing one; and this partial 
yielding of iKjth plates and rivets allows the joint to stretch, and may thus 
produce injurious unlooked-for straims in other parts of a structure, considerably 
before there is any danger of actual fracture. Or in steam and water joints it may 
cause leaks, without farther inconvenience, or danger For a long time this 
crippling had entirely escaped notice, and it was supposed that the only important 
point in designing a riveted joint was that the tensile strength of the net plate, 
and the shearing strength of the rivets should be equal to each other. 

The crippling strength of a Joint is as the uumlier of rivets, in a lap, 
(u the number on one side of the joint-lmc in a butt X diam X thickness of joinra 
plate. This product gives the crippled area of the joint. We shall here call the 
diara X thickness of plate, the crippling area of a rivet. If there are 2 or 
more plates (not cover*; on ton of eami other at one joint, their unittHl thickness 
is used for finding the crippling area. The nitiinale crippling unit, 
by which the alnivo product is to lie multiplied for the actual ultimate crippling 
strength of the joint, may be salely taken at about 60000 ms, or 26,8 tons, per sq 
inch. 

The diani of a rivet in ins to resist safely a given single-shearing 
force is found thu.s: Mult th(' shearing force by the coef of safety, that is by the 
number, 3, 4, or 6, Ac, denoting the required degree of safety. Call the product g. 
Mult the ultimate shearing strength per sq inch of the rivet-iron, by the decimm 
.7854. Call the product b. Divide g by b. Take the sq rt of the quotient. The 
shearing force and the shearing strength must both be in either lbs or tons. 

Or by a formula, 

Diam in ins / Shearing foa-c X coef of safety 

V t'lt shearing strength per sq inch X .7554 

If the rivet is to be donble-sbeared, first mult only half the shearing 
force by the coef of safety. Then proceed as before. 

Or, near enough for practice, nuilt the diam in single shear by the decimal .7. 

The ultimate sneRring unit for average riveMron may be taken at 
about 450uU lbs, or 20.1 tons per sq /ueb of circular sheared section. 

Table of ultimate single shearing strength of rivets. 

(market sizes), in .single shear; at 45000 fts or 20.1 tons per sq inch. 

This table is not to be used when as in our " Example,” Art 5, the 
crippling strength of the rivet governs the .strength of the joint. 

If the rivet is in double shear it will have twice the strength in the 
tabic. 

For the diam in double shear to equal the strength in the table, mult 
the diam In the table by the decimal .7 ; near enough for practice ; strictly, ,707. 


num. 

In*. 1 

Diam. 
lus. 1 

IbB. 

Ton*. 

Diam. 
Ins. 1 

Diam. 
Ina. 1 

lbs. 

1 1 

Tona. 

1 1 

Diam 
lUH. 1 

Diam. 1 
laa. 

Tba. 

Tons. 

H 

.12.5 

552 

.246 


.562 

iiia3 

4.99 

1 

1.000 

35343 

15.8 


.187 

1242 

.,564 

% 

.626 

i;i8()6 

6.1G 


1.062 

39899 

17.8 

'i 

.250 

22U9 

,986 


.687 

167a5 

7.46 

VA 

1.125 

44731 

20.0 


.312 

34.52 

1.54 

% 

.760 

19880 

8.88 


1.187 

49838 

22.2 

% 

.375 

4970 

2.22 

.812 

23.1.I2 

10.4 

U 

1.250 

65224 

24.6 


.437 

6765 

8.02 

% 

.875 

27060 

12.1 


1.312 

60886 

27.2 


.600 

8836 

394 

.937 

31064 

13.9 

m 

1.876 

66820 

29.8 
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The tensile streni^th of a properly proportioned Joint li. 

equally as t'ither the sectional area of the not plate (not covers) across the cen- 
ters ol only one row of rivets j or as the shearing or the crippling (as the case 
may be) areas of ail the rivets in a lap, or of all the rivets on one side of the 
joint-line in a butt. The tensile stren^h of fair quality of plate iron, before the 
rivet hole.s are made, averases about 45000 lbs, or 20.1 tons per sq inch ; but we 
shall for .safety assume, as stak'd in Art 2, that tlie making of the holes reduces 
the strength of the net iron that is left about one-seventh part, or to 38500 lbs, 
or 17.2 tons per .sq inch. 

Rem. Even thlti In considerably too vreat for laps, or for butts 
with one cover, owing to the weakening of the iron in such by the bending shown 
at W, I’ig.s 3. But we are not .speaking of such. 

Art. 4. The friction between the pluteN in a lap, or between the 
plates and the covers In a butt, pnxiuced by their being pressea tightly together 
by the contraction of the rivets in cooling,’ adds much to the strength of a joint 
while new, jierhaps as much as 1.5 to 3 tons jicr sq iiudi of circ section of all the 
rivets in a lap or of all on one side of a suigle-cover butt; or 3 to 6 tons of all on 
one side of a double-cover butt. In quiet structures, this friction inigbl coniinue 
to exist, either wholly or in pait, for an iiidetinite perioii ; but in bridges. Ae, sub- 
)ect to incessant ana violent jarring and tremor, it is probably aiKia diniinislKst, 
or entirely dissipated. Hence g<Kxl authorities rccommena not to rely on it, and 
It is, therefore, omitted in what follows. 

Art. 5. We now give rules for finding the number of rivets required for n 
double cover biilt-Joint (the only kind of which we shall treat), and their 
clear or net distance apart. This dist i- one diam i.s the pit<‘h of the rivets, oi 
their dist from center to center. The principle ol the rule will be cxplainetl 
further on, at Art 7. 

Fimt, select a diam of rivet either equal to or greater than .8.'') tunes tlie 
thickness of the plate. In practice they are generally !..*> times for plates ' .. meb 
or more thick ; and 2 for thinner than y> in. 

Aeeoiid. mult the greatpit total i>ull In poiinds that can I'onie uiton the entire 
joint by the coef .1, 4, or »’>, Ac) of safely, and call the product i>. 

Tbird, multiply the crippling area of the rivet (that i.s, its diam X the tliick- 
ness of plate) by 60000. The prod is the ult crippling .strength of a rivet. Call It m. 

Foarth« divide p by m. The quotient will lie the numlx'r of rivets to sustain 
the given pull with the reqd degree of safety. 

Then, toe clear dititance apart will be 

Number of rows X ZHam X OOOOO 
38500 

Fifitta* The clear dist from either end hole of a row to the side edge of the plate, 
tbonld be not lees than half the clear dist between two rivets in a row. 

Example. A double-cover butt-joint in .5 inch thick plate is to bear an actual 
pull of -^750 fils, with a safety of 4; or not to' break with less than 83750 X 4 
135000 lbs. How n;any rivets most it have; and how far apart must they be? 

Firsts Here .85 times the thickness of the plate is .5 X <425 inch ; there* 
fore, our rivets must not be less than .425 Inch in diam; but we will take .76 inch 
diam. 

Recond, The greatest pull X coef of safety » S3750 X 4 — 135000 0>s p. 
Third, The crippling area of a rivet X ObdOO » .75 X .fi X StHJOU » 22500 • m. 
p 135000 

Fonrth, — •• ■ - = 6 rivets required on each side of the joint-line. 


And the clear wpaee or net width between them will be, if the 6 rivet* 
are in one row* 


Diam X fibOOO 
38;i00 


4.5000 

38500 


• 1.1688 ins 


And the pitch • net space -f diam • 1.1688 + .75 • 1.9188 Ins, • - 

• 2.6f diHtus. *75 

In practice, to avoid troublcsonie decimals, we might make the net space 1.2 Ins; 
and the pitch 1.9o; but to show farther on the working of the rule, we adliere to 
the ni»«re exact ones. 

Fifth, The clear dist from each end hole to the side edge of the plate is half of 
1.1688 » .6844 ins. 

The entire width of net Iron is equal to one clear space X number of 
rivets a* 1.1688 X 6 = 7.0128 ins; and the entire width of plat# Is equal to one 
Bitch X number of riveta • L9188 X 8 — 11JH28 li>« 
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Tb« area of crow aectlon of nnholed plate ts It J1128 X *5 — 6.75M m Ids ; it§ Mb 
aile strength before the boles are made Is ft.7564 x 45000 » 259038 Ab 

The strength of our Joint, omitting friction, is therefore <m .62 of that ofiths 
original unhoied plate. 2590.i8 

If the 6 rivets are In 2 rows of 3 rivets each, the clear dlst be* 
tween two rivets in one row will be twice as great as before, or twice 1,1688 
= ins. Pitch = 2.8376 -J- 75 - 3.0876 ms =- 3.0876 + .78 =. 4.12 diams. 

Clear dist from end hole to side edge of plate => half of 2.3376 1.I68& 

Entire width of net Iron » 2.8376 X 3 7.0128 ins. Entire width 

of plate =» 3.0876 X 3 =a ^2628 ins. Area of cross section of nnholed 
plat e=9.2fi2ax. 6=4.6314 ins. IJltlmate tensile strenffth, nnholed 
mm 4.6314 X 45000 = 208413^6, Hit strenifth of riveted Jolnt» omitting 

friction 2og4j'{ '■* ooholed plate. 

This we see that the arrangement with two rows gives the same strength ns on# 
row, with a less total width and area of plate. It of course requires covers. 

* If the 6 rivets are In 3 rows of 2 rivets enrh, the area of cross 
section of the nnholed plate is 4.2565 sq ins. Its tensile 8trenii:lh« 

19ir)42 lbs. Strength of riveted joint ■■ = 7 of that of the unhoied plate. 

Tlie entire width of net iron (7.0128 Ins); if> area (7.0128 X .5 «■ 3t5064 sq ins): 
ami its ultimate tensile strength (3.6064 X 088OO _ 135000 fhs). are the same in each 
case. The last is the required breaking strength of the joint, as in the l>egiiininii 
uf esr example; sod is equal to the ocinbined crippling strength of the six rivets. 


Art. 6. The distance apart of the rows, from center to center of 

rivets, should not be lees than two diameters of a rivet-holc. 

Hem. 1. With our constants for tension, shearing, and compression, the 
rivets will not yield first b.v shearing in a douhIe-<-over butt (and 
of course in double .shear), except when the diatn i.s either equal to or less than 
80 of the thickness ot the plate, which will rarely hapjam. At .85 the crippling 
and shearing strength of a rivet are equal when using our a.ssumed coefl's of crip- 
fiiing, shoariug, and tension. 

Rem. 2. Our 'ixamplc wa.s chosen to illustrate the rule. It will rarely hap- 
pen in pra<‘tice that the rule will give a number of rivets without a fraction ; or 
that may be divid(}d by 2 and by 3 without a remainder. In case of a Iraclion, it 
is plainly best to call it a whole livet; although the joint thereby becomes a trifle 
stronger than necessary. Or rivets of a slightly dill' diam may be used. If the 
number of rivets comes out say 7 or 9. we may make 2 rows of 3 and 4, or of 4 and 
5, Ac. Mor<x)ver, the width of the plate i.s Irequently fixed beforehand by some 
requirement of the structure, and we must arrange the rivets to suit, taking care 
in all cases to maintain the calculated area of net iron in one row, Ac. 

Rem. 3. We have (ns we at first said we should do) confined ourselves to the 
simple butt-joint with 2 covers, and with the 

— - rivets in either 1, or in 2 or more parallel rows 

^ I < on each side of the joint-line ; this being the 

^ • I • V si^rongest and the one in most common use in 

• 4 J / engineering structures. Necessity at times 

. • T ' 7 arrangements, for which 

^ ^ , } \ cannot afford space, and the strength of 

j t V which is not so readily calculated. These 
Q .someiimes yield results which appear strange 

^ ,, . , * , . I0 the II iii nit luted ; thu.s, this lap-joint breaks 

across the net iron of one plate, along either <• c or 0 o, tcAcrtt lAere ts most oj it, and 
where, therefore, it might be supposed to be the strongest. 

.T**® followlnip table shows approximately the comparative 
strengths of the common forms of joints when properly proportioned ; varving 
with quality of sheets, and of rivets; *■ r v t r- , oij-mg 


The original unhoied plate 

Double-riveted butt with two covers... 
Double-riveted butt with one cover.... 
Single-riveted butt with one cover.... 


with 

Without 

friction. 

frtcUon. 

1.00 

I 1.00 

.80 

.64 

.65 

.62 

.50 

.40 

.65 

.62 

.50 

AO 
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Rt'in. 5. The above tabular atrengtha for the lap-joints will be approx* 
Imately attained by adopting the following proportions, according as the .joint is 
double- or single-riveted. 



1 Double rlv.clfsag. I 

1 Blaide Ht. 


!ln tbiokuense*. 

lu (Hums 

|lu thioku^aiiHH 

Id diami. 

^ailing thickness of plate 

1. i 

.6 

1. 

.6 

Then make diam of rivet 

l.fiT i 

1.0 

1.67 

10 

“ “ breadth of lap 

90 1 

5.4 

f) 67 

3.4 

• “ pitch from cen to cen.... 

7.0 

4.2 

4 5 

2.7 

“ “ Qist from end of plate to 





edge of holes 

2.0 i 

1.2 

2i) 

1.2 

“ “ dist apart of rows from 

i 




cen to cen 

3.3:i 1 

2.0 




Rem. 6. If two or more plates on top of each other, as the 

four In A B or M H, are to be jointed together so as to act as one plate of the 
thickness c e, the diams of the rivets, and the thickness of the covers c c,ee will 
depend ui>on whether the junctions of the plates are all in one line with eacl» 
other as at c c, in A B, or whether they break joint with each other as at 0, 1, ‘2, 3 
in M H. 



It is plain that the two covers c c by means of their conntKjting rivets convey 
from A to B, across the joint c c, all the strength that partly compensates for the 
severance of the four plates at that joint; vmereas the two covers ec, e e. and 
their rivets in like manner convey from n of one single plate, to o of the adjoining 
one, across the joint between those two letters, only the strength that partly com- 
pensates for the severance of that single plate; and so with the joints at 1, 2, and 
3. Therefore the covers c c, and their rivets, must be four times as strong as those 
St any one of the four joints 0, 1, 2, 3. The first, r c, are to Ijc regardwl as joining 
two solid plates A and B, each of the fourfold thickness cr; and the others as 
joining two of the single thickness. The covers c c will, therefore, eacli i)e about 
two-tturds of the ihi^^Kuess c c; and the others each about two-thirds as thick as 
% single plate. Thus^ suppose each of the 4 plates in A B or M H to be ^ Inch thick , 
making cc 3 ins. Then each c«»ver, c, is % of 3 ins, or 2 ins tliu k ; or tlu* two covers, 
cc, together 4 ins, wl»i( 1 j is tlius the eftoctive thick nos of tlic joint, cc. But ead: 
cover, ee, Is only r \ ot inch, or Vj indi thick ; anti tie* cltective thickixMis of join\ 
at either 0, 1, 2, or 3, is that of the 3 unbroken plates plus that of the 2 covers, or 
ins. 

of the Rule In Art 5. With our constants for 

, . ,^ire inch; and for crippling tCOOOO lbs p« r squai-e incli), and 

with diameter of rivet equal to, or greater tlian, .H.'i times the thickness of the filate, 
as by our rule, the crippling stren^h ot a double cover butt joint will be equal to, or 
lew than, its shearing strengtli. Therefore, to avoid waste of muterial, eitlier in the 
plate or in the rivets, we must make 

oc .. th. rtr.*. Or. 

V V Tension _ Crippling area Crippling Totol nambtr 

pl^lg ^ of plate ^ unit of one rivet ^ unit ^ of rl\eti. 
How,^ Art 3, the crippling area of a rivet is — diam of rivet X thlckooM ol 
^te. We take the crippling nnit at 60000 lbs; and the tension unit at 88S00 fta 
therefore (tranepoeing) we must make 


(3X%) + (2XU)-3U 

Art. 7. Principle 

shearing (4M0f) lbs per squt 


Total net width 
of plate 


Biatn of 
rivet 


y ThickneM 
^ of plate 


XflOOOOX 


Total tmmbei 
of rivete 


Thicknese of plate X 8tt00~ 
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in 


By making the clear distance between each end rivet of a row and the side 
edge of tlie plate - half the clear distance between two rivets in a row; and 
calling the ir'iiu of the two end distances one space, we have 


Number of spaces „ Number of rivets 
in a row in a row. 

So that 

The clear distance between two rlvela In a row, 

which is 


is also 


Total ne t width of plate 
Number of spaces in a row 

_ Total net width of plate 
Number of rivets in a row 


dill 


I)ian. of ^ Thickness 
rivet '' of plate 


'y ftonoo vx Total number 

X 60000 X of riveU 


Thickness ^ ooimn w Number of rivets 
of plate ^ ^ m a row. 


Total number of rivets 
Number of rivets in a row 


: Numljer of rows. 


Therefore, omitting “thickness of plate,” common to both numerator and 
denominaior, we have, as in rule in Art 6, 

t'Icnr diNtanoe Diam of rivet X 60000 X Nmniier of rows 

apart 


Blit if the diameter of the rivetn its than 0.85 time« th< 
thickneHM of the platen, the AAcomo? strength ol adouiile-eover butt join 
(with our assumed constants for shearing and ('ii|ipling) is less than its crippling 
alreuglb, in such cases, l(»r the clear distance heiueen two rivets in u row, sa] 


Clear dinianee 


Cirenhir area of a livet X Shearing unit 
Thickuess of plate X Ten&um unit 


2 


Rem. !• Butt Jointn In donble Nhear, or with 2 covers, being th 
cnly ones here cniisidered. and inasmncli as rivets may always be used with a diaii 
ifreater than .86 of the thickness of the plate, we may in practice always use tlr 
Kiile in Art 6 for sucli joints; and. tlierefore, we pine it alone. 

Bern. 2. When UMinfi: theiie roles for other kinds of loint 
such as laps, or butts with single covers, renieiuber that the rivets in such are ii 
single shear; and, tlierefore, we can use Kule in Art 6 (for crippling) onlv whei 
the diani is either 1.7 or more times the thickness of plate. If less. ns< 
Rule above for shearinir; all on the assumption that our foregoing coefs ol 
srippling and shearing are used. 


Bnt the coef for tension mnst he ehnniged for each kind of thes 

other joints, to allow for the weakening effects of the bending shown at W, KIg 
It. as dedm ed approximately from exporimont. The wTiter believes that the fol 
lowing tension units will give safe approximate results without friction. Foi 
double-cover butts, double-n voted, SS.'KK} fcs per sq inch, as adopted above 
For double-riveted laps, or one-cover butts, 28000. For sinfgle-ri vetet 
laps, or one-cover butts, 24000. But, as belore remarked, no great certainty i 
attainable in riveting. 

Rem. 3. A Joint may fall by eripplinc without the facts belni 
known or even suspected, for it does not imply that anything breaks, hu 
merely that the joint has stretched ; and thhi might not be detected even oi 
a siigM inflection of it. Still it might, and probably often has sufficed to endangei 
and even destroy both bridges ana roofs by generating strains where none wer 
provided for. 
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RAILROADS. 

TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consiits 
of the following parts. 

2. Rails. H 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girdius span- 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension ; but, since the 
rails must act as continuous girders, the stresses in the heads ind 
bases are necessarily reverst over each tie. The base of the rail 
servs also to distribute the load over the tie, and to .afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, M 145, etc. The rail ends are held together, and in 
line with each other, by means of rail-joints, splice-bars, or "fish- 
plates.” which are clampt to the .sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, n 0(1, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
!whlch grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tle-pIaten, 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

e. Ties, 11 *1 31, etc. serv to distribute, in and thruout the bal- 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 10, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, including the ballast, rests 
upon the ground, or roadbed ; which must not only be of suffi- 
cfently firm material to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often l)e pro- 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road Is on an embankment. 

Specifications. 

8. Thruont this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice ; 
and, where such data are quoted, or abstracted, the fact is indi- 
cated by the use of foot-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, in some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following : 

* foot-note refers to American Railway Engineering Associa- 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Malnienanco of Standard Railroad; lUOd, and 
other P R R gpecfns, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu- 
lations for the Maintenance of Way & Structures; 1909, 


•Am Ry Rngg Assn. fP R R. tU P R R. 
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Classlllcatlon of Track 

Am Ry Eng Assn, Manual, 1915, p 15. 

10. Railways, and portions (“districts”) of railways, are classi- 
fied by the AREA, according to the volume and character of 
their t rathe, as follows : — 


Class 

Class A, B or C Includes 
all districts of a 
railway 

Frt car 
i mileage 
' per year 

1 per mile 

Passr car 
mileage 
per year 
per mile 

Max speed 
passr 
trains 
miles/hr 

A 

having (1) more than 
one main track, or 
{ 2 ) single main track, 
with traffic fC 

i 150,000 

10,000 

50 

B 

single track, with traf- 
fic < A, nnd < 

50,000 S 

6,000 

40 

C 

not meeting the traffic 
require ments of 
Classes A and B. 

! 1 





11. Single track. 

•AREA Fig 1 

Sodding of roadbed shoulder next to ditch, and of slopes of ditc^, 
recommended. 



Width, ins 

Depth, 

ins 

Slope 


A 



i « i 

d 

8 

1 Crusht stone and slag 

Class A 5 

120 



19 

12 

2:1* 

Class B 

»6 


30 

16 

0 

2:1 

Gravel, cinders, chats, etc 


] 





Class Aj 

120 

. . . i 

51 

19 

12 

2 : 1 

Class B 

06 


30 

16 

0 

3: 1 

Cementing gravel and chert 







Class C* J 

84 


18 

18 

6 

8: 1 : 

tllnion Pacific, 1909 







Broken stone or slag, Fig 1 . . . 

06 

78 

30 

15 

8 


Gravel, burnt clay or cinder. 






i 

Fig 1 1 

102 

... . 1 


36 


8 


Earth, 


' S 

1 e e 

Fig 2 

1 


Sand, See Fig ZX \ 

•Am Ry Engg Assn. tP R R. ttJ P U R. See also Specifications p 780. 

S Class A dimensions give min depths, rf, under ties. They are 
recommended only on the firmest, most substantia] and best draind 
roadbeds. 
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TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consiits 
of the following parts. 

2. Rails. H 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girdius span- 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension ; but, since the 
rails must act as continuous girders, the stresses in the heads ind 
bases are necessarily reverst over each tie. The base of the rail 
servs also to distribute the load over the tie, and to .afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, M 145, etc. The rail ends are held together, and in 
line with each other, by means of rail-joints, splice-bars, or "fish- 
plates.” which are clampt to the .sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, n 0(1, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
!whlch grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tle-pIaten, 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

e. Ties, 11 *1 31, etc. serv to distribute, in and thruout the bal- 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 10, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, including the ballast, rests 
upon the ground, or roadbed ; which must not only be of suffi- 
cfently firm material to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often l)e pro- 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road Is on an embankment. 

Specifications. 

8. Thruont this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice ; 
and, where such data are quoted, or abstracted, the fact is indi- 
cated by the use of foot-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, in some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following : 

* foot-note refers to American Railway Engineering Associa- 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Malnienanco of Standard Railroad; lUOd, and 
other P R R gpecfns, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu- 
lations for the Maintenance of Way & Structures; 1909, 


•Am Ry Rngg Assn. fP R R. tU P R R. 
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BAL.1.AST. 

19. Stone. • Stone broken l)y artificial means Into small frag- 
ments of specified sizes.* Broken stone is the universally preferd 
ballast for nrst-class conditions. The stones preferd, In approx 
order of preference, are trap, granite (or nyenite, granite contain- 
ing hornblende Instead of mica), limextone and sandstone. 
Screenings, from the stone crusher, are commonly used in station 
platforms, and as ballast for side tracks: but they churn badly 
under the ties when wet. licguirements : — t “Trap rock, or an 

acceptable Igneous or equally hard and suitable stone 

regarded as standard material.” (’rushing stress < 12,000 Ibs/sq 
inch; limestone, < 10,000 Ibs/sq inch. Must be broken in cubical 
form. Must pns.s thru .*1" ring, but not thru 1.25" ring.t 

20. Gravel Is cheap, when found near the work, and is easily 
applied. Sand and clay, in gravel, impede drainage; while sand 
.•^nd dust cause wear of tires and journals. Requirements. 
♦Pebbles to pass a 2.5 Inch ring, and be retalnd on No. 10 screen. 
1915.* t < 2.5 ins. lOOS.f 

21. SlaK* Hard — . Blast furnace slag, deposited and coold 
in air. If It contains but little free lime, it Is hard and glassy, 
and, when crusht, rivals broken stone as ballast material ; but it 
sometimes affects lh<* ties chemically. An excess of free lime 
leads to disintegration, and sometimes to setting, like that of 
mortar. 

22. Slag. Granulated — . Slag into which, when molten, 
water has been injected. It consists of particles of very uniform 
size, about equal to that of very coarse sand grains. It Is easily 
applied, and is used in yards and on side tracks. It is apt to 
stake, solidifying, and Impeding drainage. If much free lime Is 
present. 

23. Cinder. Taken from locomotiv ash-pits. Cinder ballast 
drains well, but yields under heavy tralBc. It sometimes affects 
the ties chemically, especially when wet. * Recommended for 
branch lines with light traffic, in sidings and yard tracks near 
point of production ; as sub-ballast In wet, spongy places ; as sub- 
ballast on new work where dumps are settling ; and at places where 
the track beavs from frost. Make provisions for wetting down 
cinders soon as drawn. 1915.* 

24. Burnt clay ballast drains well. It is easy to work, and 
stands well under light traffic. Requirements; — •Use black 
gumbo or other suitable clay free from sand or slit. Before 
establishing kiln, test material thoroly in a small test kiln. Bum 
hard and thoroly. Fuel should be fresh, and clean enough to bum 
with a clean fire. Keep enough fuel on hand to prevent interrup- 
'^lon of burning. Cool the ballast before loading out of pit. 
.\bsorptlon of water > 15% by wt. 1911.* 

25. ChntH. * Part Ides of quartz, about as large as wheat 
grains. They are the tailings from mills In which zinc and lead 
ores are separated from the rocks In which they occur.* Chat 
ballast works easily. It keeps down weeds, stands wet weather 
and holds Its surface well ; but, owing to lack of cohesion, It la 
easily shifted laterally. It Is dusty under high speeds. 

25a. Sand ballast Is easily handled. It does not become plas- 
tic when wet ; but If Is henvd by frost, and, when dry, It Is very 
dusty, and therefore annoying to passengers, and Injurious to 
rolling stock, causing hot-boxes. 

25b. Dirt ballast. In wet wether, becomes mud. The more 
sand it contains, the better. 

25c. Gumbo. •A term commonly used for a particularly ten- 
acious clay, containing no sand.* 

25d. Chert. ‘An Impure flint or hornstone occuring In natural 
deposits.* 


*Am Ry Bngg Assn. fP R R. tU P R R. See also Specifications p 780. 
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RAILROADS. 

TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consiits 
of the following parts. 

2. Rails. H 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girdius span- 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension ; but, since the 
rails must act as continuous girders, the stresses in the heads ind 
bases are necessarily reverst over each tie. The base of the rail 
servs also to distribute the load over the tie, and to .afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, M 145, etc. The rail ends are held together, and in 
line with each other, by means of rail-joints, splice-bars, or "fish- 
plates.” which are clampt to the .sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, n 0(1, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
!whlch grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tle-pIaten, 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

e. Ties, 11 *1 31, etc. serv to distribute, in and thruout the bal- 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 10, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, including the ballast, rests 
upon the ground, or roadbed ; which must not only be of suffi- 
cfently firm material to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often l)e pro- 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road Is on an embankment. 

Specifications. 

8. Thruont this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice ; 
and, where such data are quoted, or abstracted, the fact is indi- 
cated by the use of foot-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, in some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following : 

* foot-note refers to American Railway Engineering Associa- 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Malnienanco of Standard Railroad; lUOd, and 
other P R R gpecfns, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu- 
lations for the Maintenance of Way & Structures; 1909, 


•Am Ry Rngg Assn. fP R R. tU P R R. 



TIES. 


785 


Pecky tie. Made from a cypress tree affected with a fungus 
disease known locally as peck. 

Pole fie. Made from a tree of such size that not more than 
one tie can be made from a section. Hewn or sawn on 2 parallel 
faces. 

(iuarterd fie. Made from a tree of such size that four ties 
on^ are made from a section. 

Sap tie. Showing more than the prescribed amount of sap- 
wood in cross-section. 

Shakes. Separations of the wood fiber, due to the action of 
the wind. 

Slab tie. A tie made from the first or outside cut of a log. 

Slabbed tie. Sawd on top and bottom only. 

Split tie. Made by snlltting from a tree of such size that two 
or more ties can be made from a section. 

Strict heart tie. Having no sapwood. See also Heart tie. 

Substitute tie. Any tie other than » wood tie. 

Switch tie. Tie of a set used to support a turnout. 

Tapped tic. Made from a tree, tne resin or turpentine of 

which has been extracted before felling. 

Treated tie. A tie which has been subjected to a process 
deslgnd to protect it from decay. 

IVane tie. Squared and showing part of the original surface 
of the tree on one or more corners.* 


General. 

Dluenalona, Bearing, etc. 

32. A tie, acting as a continuous beam, Bervs to distribute the 
rail pressures to the ballast under it, and its dimensions should 
be sucli ns to enable if to effect this distribution witb tolerable 
uniformity Where a tie is more firmly supported at the middle 
of its leii;rth than near the rails, it Is said to be center-bound. A 
tie of sufficient length transmits a fair proportion of the load to 
the ballast beyond the rails, correspondingly relieving the portion 
betw the rails. The thickness l.s commonly about 6 or 7 inebe* 
A 6-inch tie Is hardly stiff enough for heavy traffic, especially 
where center binding Is likely to occur; and is apt to be split by 
the spikes, since these, when driven, extend to very near the 
lower face. Since beam stiffness varies as the cube of the depth, 
the resistance to bending, in a 7-inch tie, is, to that In a ^Inch 
tie, as 343 to 216, or as 100 to 6.3. A thickness of 7 inches Is 
rai^ exceeded except with soft woods. 

33. If more than Cibout 40% of the rail length bears on the ties, 
the closeness of the ties interferes with tamping. The min clear 
distance, betw tics, is about 11 ins. With usual tie spacing, a 
tie thickness of more than 7 Ins interferes with the work of tamp- 
ing. With extremely wide ties, the full bearing value is not 
always utilized because such ties are seldom as tboroly tampt as 
are narrower ones, 

34. When the spike enters the wood tangentially to the growth- 
rings. It is apt to split the tie. 

35. Ties should be laid with the heart side down, in order that 
the growth-rings shall be in such position as to shed water. 

36. Pole ties give a raiM)pnrIng of heartwood, which resists 
abrasion better than sapwood and the bulging sides give addi- 
tional bearing surface. 


37. Cutting by rails. Moisture, collecting betw rail and tie 
promotes decay ; and the loud, aided by the undulatorv motion of 
the rail, cuts away the decayd fibers. Tills “ rail-cutting*' is the 
principal cause of tie failures. 


38. ‘‘Ties should be protected against failure from mechanical 
J *<®*P*«*«« and screw-Bpikea." AREA Proci 

1915 Vol 16, p 522. 

•“The use of treated ties whereve* practicable is recommended.”* 


•Am Ry Engg Assn. fP R R- tU P R R. See also Specifications p 780. 
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Woods. 

39. Cedar is light, and resiste decay well ; but is easily crusht 
by the rail. On tracks having light traflic, or where protected by 
tie plates, cedar ties may last from 15 to 20 years. Sound dead 
cedar makes us durable ties as live cedar. 

White oak ties are preferd. When well seasoiid, they hold the 
spikes very firmly ; and resist rail cuttiug until the wood decays. 
Life, from 5 to 10 years; average of many roads, 8V4 years. A 
sawd and seasond white oak tie, 7 ins x 0 ins, 8 ft long, weighs 
about 185 lbs. 

Rock oak is less tough than white oak. Its life is about the 
same. 

Southern yellow pine ties last from 4 to 0 yearS in the south ; 
and from 8 to 12 years in. the north. 

Chestnut ties last from 7 to 0 years. Chestnut checks badly 
in the sun ; but holds spikes well, and is of medium hardness 

Redwood is soft, but durable. Redwood ties, with tie plates, 
last from 10 to 14 years. 

Wild cherry, locust and walnut ties last aboiit 8 years. 

40, Specifications. *Woods usable for ties icithout preacrvativ 
treatment : white oak family, long-leaf strict heart yellow pine, 
cypress (other than white), redwood, white cedar, chestnut, catalpa, 
locust (other than honey), walnut, black cherry.* 

•Woods preferably requiring a pre<iervativ treatment approved 
by the purchaser: red oak family, lieech, elm, maple, gum. loblolly, 
short-leaf, lodgepole, w'cstem yellow pine, Norway, North Carolina 
pine and other sap pines, red fir, spruce, hemlock, tamarack.* 

Switch-ties. tUsable irifhont prrservatie treatment; white 
oaks, black locust, black walnut, black cherry, longleavd pines. 
Usahle only after presrrnativ treatment ; red oaks, beech, hickories, 
hard maples, birches. 1913.t 

See also under Turnouts, Part I, Hf 128, etc. 


Dimensions. 


41. Classification. Dimensions from Am Ry Enjc Assn Manual. 
1915, p 59. 


Volume of one tie, In cub ft 


'Class 

Thick- 

1 Face 

! Ivength, 8 ft 

Length, 8 5 ft 

Length, 9 ft 


ness. 

1 width, 

1 



Ins. 1 

ins. 

1 cub ft 

1 cub ft 

cub ft 

*A 

7 1 

10 

1 3 889 

1 4.132 

4.375 

B 

7 1 

9 

3.500 

3.719 

3.038 

C 

^ ! 

8 

3.111 

' 3.305 

3.500 

D 


9 

3.000 

3.188 

3.375 

B 

LJ 

[ 8 

, 2.667 

, 2.833 1 

3.000 


* Permissible excess t — in thicknesB, % Inch ; In width, 2 ins ; 
in length, 1 inch. In pole ties with rounded sides, and in half 
round ties, the face width may be < above ( < 6 ins), provided 

cross-section area < that corresponding to tabular dlmeusions. 
Thickness, < 6 ins.* 

Spacing. 


42. Number of ties required under one rail length ; — 



On main 

On side 

Id yards 


, running 

tracks & 

and on 


i tracks 

branches 

sidings 

3S-ft rail 

! m i 

! 16t 

16f 

1 If ties are < standard. 

2(Jt 



t According to wt of traflic. 

16 to 20t j 

16t 

14t 

so ft rail > 

lOt 

i4t ; 

14t 

If ties are < standard. 

m 



For shorter rails, use a proportional number of ties.! 



•Am Ry Bngg Assn. fP R R. fU P B R See also SpecUlcatlona p 780. 
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Maximum allowable distance between bearlnff surfaces* 

tBetwei‘n joint ties, 11 ins; betw intermediate ties in main running 
tracks, 18 ins.t 

Tie Timber Conservation. 

43. On account of increasing scarcity and cost of tie timber, re« 
course is had (1) to chemical treatment, H H 44, etc., (2) to fores- 
try, H H 54, etc, for the growing of trec.s for use as ties, (3) 
to reduction of wear on ties, as by tie plates, If 135, etc., and 
(4) to the use- of ties of other materials, as steel or reinforced 
concrete, H II 61, etc, 

Preservtttivs. 

44. The economy of treated ties lies not only in their Increast 
length of life, but in the reduction of the labor of tie renewals and 
of the resulting disturbance to the embedment. 

45. Inferior timber. Chemical treatment, and the use of He 
plates, permit the use of timbers not otherwise suitable, and of 
sound dead timber. 

46. Stenmingr. For thoroly air-seasond ties, preliminary vacu- 
um < 24 ins mercury, maintaind < 10 mins. Treservativ then 
admitted without breaking the vac.* 

* For ties not thoroly alr-seasond, a pressure of 20 lbs per so 
inch must he att.iind within from 30 to 50 mins, and maintaind 
(not exieededi from I to 5 hrs, depending upon character and con- 
dition of tin. her. V vent must l>e kept open, in bottom of cyl. or 
in drain therefrom, for esiaipe of air and condenst steam. After 
steaniiiu;, \aeuum -A 24 ins of mercury at sea level (corresponding 
degs (jf vac at other altitudes! maintaind for half hour. Preserva- 
tiv then admitted without breaking vac.* 

* T'^nsea solid ties, which are to he creo.soted. may be given long 
steaming or seasoning in hot creosote oil,* 

47. "Zinc cblorltl trcnlmcnt (Burnettizinic). See also p 1135. 
Solntioii. hivUcd to < 140® Fahr. to lie admitted without other- 
wise lediKing vacuum. Wood must absorb 0..5 lb dry soluble chlorid 
per on ft Solution must be only strong enough to give this 
absorption, and > 5%. Steam pres maintained iu steam colls of 
machine during treatmt.* 

* Chlorid must be slightly basic, without free acid ; Iron 
> 0.25%.* 

* Sample borings to be taken, from time to time, from < 6 ties 
treated in the same run. Bore-holes to be tightly and completely 
closed with creosoted plugs.* 

* Ties must he a^o^\'ed to dry (iu order to harden surface) 
before placing in track.* 

48. *Zlnc chlorid, tannin and alue Treatment. See p 1135. 

Zinc chlorid as above. Solution then blown or run oCF. Ties draind 
15 mins. 2% tannic acid Kolutlon (6,67 lbs of 30% extract of tan- 
nin to 100 lbs water) applied half hour under pres of 100 Ibs/sq iu 
Tannin solution run otf, and 1% glue solutiou (2.1 lbs glue, con- 
taining 50% gelatin, iu 100 lbs water) applied for half hour under 
same pres,* 

49. *Creoaote. See p 1134. Coal-tar creosote oil ; at 38* 
Centigrade, completely liquid, and < 1.03 sp grav ; > 3% water ; 
heated to 160“ Fahr. Pressure, 100 Ibs/sq inch.* 

50. ♦Zinc-creosote Emulalon. Emulsion to contain < 10% 
creosote. Heated to < 140“ Fahr. Pre.s, 100 Ibs/sq- inch. Wood 
to retain an avge of 0.4 Ib dry soluble chlorid and from 1.25 to 
1.5 lbs creosote, per cub ft. Zlnc-chlorid solution not stronger than 
3.5% ; to contain > 0.25% Iron. 


•Am Ry Engg Assn. tP R R. tU P R R. See also Speclftcatlons J 780. 
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SI* • Two-Injectlon Zinc-creosote. Zinc solution not stronger 
than 5% ; heated to < 140“ Fahr. Wood to recciv 0.3 lb dry 
soluble chlorld per cub ft. Solution then run off, creosote oil, 14(/ 
Fahr, immediately admitted and pres applied ; 3 lbs oil per cub ft. 
Water, exceeding 6%, to be removed.* 

52. Lifa. Creosoted pine ties last about 15 yrs, oreosoted oak 
18 yrs. and creosoted beech 20 yrs, in main track ; and giv subse- 
quent servis, about one third as long, in side track.- 

$easonins» etc. 

53. Unseasond ties to be piled for scasonino ; green, ties separate 
from partly seasond ties ; all resting on treated stringers, with 
< 6 Ins air space under lowest tier; top tier laid sloping, to form 
a water shed. Betw piles, leave alleys, 4 ft clear width in one 
direction, 1 ft in the other. Required degree of seasoning to be 
determind by test, finding that weight at which each wood will 
best receive the treatment. Tics threatend with checking must be 
protected by 8 irons, bolts or other devices Adzing or boring, for 
tie-plates or screw spikes, must be done before treatment. 

Forestry. 

54. Culture of timber should be undertaken only by expert for 
esters. We here outline only fundamentals of general interest to 
engineers. 

55. Felling season. Whatever season Is selected for felling the 
trees, the ties made from them should have at least six months 
for seasoning before going Into track. However, the seasons for 
cutting and for tie renewals come so close together, that this Is 
difficult to ohsorv without holding the ties over a year. • Timber 
cut preferably from Oct to Mar;* fSep to Mar.f 

56. Dark should be peeld soon after felling, to hasten evapora- 
tion and to prevent "souring". Placing tics in track, with bark 
on, not only hastens decay, but renders the ties more inflammable 
• Bark to be removed from all ties before their delivery to the Co. 
1915.* 

67. Methods of cutting trees and of cutting ties from trees are 
usually wasteful. Wood Is frequently lost by leaving unnecessarily 
large stumps, and thru failure to follow as far up as possible into 
the tree ; large trees sometimes affording ties from their branches. 
Much Is frequently lost by cutting trees which are only large 
enough to afford pole ties (one from each section) : whereas, by 
waiting ffve or ten years, two ties could be obtaind from a section. 

58. Forestation. The early practice was to plant only rapidly 
growing trees; but it has been found that other important con- 
siderations (such as liability to attack by parasites, low' strength 
or short life in the track, etc> may well lead to the selection of 
“slower-growing trees. Kach tract of available ground, too, should 
be carefully studied as to what species it can best produce. It is 
frequently better, also, to develop existing Imperfect timber lands, 
than to attempt complete reforestation from the seed. 

59. Fire prevention may frequently w’arrant considerable expendi- 
tures for patrollng, especially in dry wether. 

Datliiff Kfalla. 

60. •Iron or steel, evenly galvanized, V 4 inch diam, 2% ins long, 
head % inch diam, stampt 1/16 inch deep with 2 numerals % inch 
long, designating the year. Nail driven in upper face of each 
treated tie, 10 ins Inside of rail, on line side of track, on the day 
of laying. Each treated tie stampt also w’lth year, on both ends, at 
treating plant, before treatment * 

*Am By Engg Awn. fP R P R R- See also Specifications p 780; 
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SubMtftute Tien. 

General. 

ei. A substitute tie Is “any tie other than a wood tie.” Am Ry 
Bng Assn l‘rocs, 1915, Vol 16, p 52i' ; Ties Committee Report. 

63. Owing to the rapidly Increasing scarcity of suitable timber, 
substitute ties me largely used in Europe; and their use, experi- 
mentally or in service, has been activly tak<*u up by many Ameri- 
can railroads, including some important systems. 

Tile use of substitute ties involvs so radical a change in R R 
practice that considerable experience In their \i<e will be reciuired, 
to determin satisfactorily their relativ advantages and disadvan- 
tages. 

63. Owing to their uniformity in cross-section, in strength, and 
m liearing surface, substitute lie.s (and, especially, steel ties) hold 
track to liotter line and surface, and the rail wear is more uniform. 
Wood ties, even those of the .sane* wood, vary in ijiiality when laid, 
compre.ssing unequally under a idvrm load, and they deteriorate 
rajiidly and unequally under exposure When fully ballasted, steel 
lies furnish a smoother-riding and quieter track. 

Sulistltute ties are heavier than wood ties and more expensive 
in first cost It has been found difhnilt to provide satisfactory 
rail-fastenings. See Screw-spikes, li H 107, etc. 

With the growing use of electric signal circuits, the matter of 
insulation has become one of importance; and, in general, substi- 
tute ties ofl’er greater di&cultles in this respect. 

Substitute ties, laid alternately between wood ties, hasten the 
deteuoration of the laft'i. 

Otlier things equal, the greater weight of substitute ties tends 
to greater stability iu track. 

Substitute ties are eltlier steel, concrete (usually reinforced) or 
composit (composed essentially of two or more materials). Am Ry 
Eng As'^ii, I'rocs, 1915, Vol 6, p 522. Ties Committee Report. 

Steel Ties. 

64. Types. In Europe, much use has been made of "Inngitudi' 
naW^ or ■steei slcegem, placed under, and parallel with, the rails, 
and of inverted east iron “bowls*’, placed opposit each other, under 
the rail.s, at inteival-s. and eonnected by ties extending across the 
track : but, in America, jiractice and experiment wMth substitute 
ties have been practically confined to orosg tk-s having functions 
generally similar to those of the wooden tie. 

65. The earlier experiments were with inrrrlrd trough ties: and 
.such ties are still used under light traffic: but the invrrted-T 
type, represented by the Carnegie .steel tie, *[I 70, etc, is much the 
most largely used. 

66. A flat bottom, as distingiiisht from one having downward 
projections, facilitates tamping, 

67. The fnatenlngm consist generally either of bolts and clips, 
or of wedges. They should permit adjustment for differences of 
gage and of rail section. 

68. The coat of steel ties is usually from 4 to 6 times that of 
good oak ties; but the steel should have a longer life than the oak 
tie, and considerable scrap value when no longer available for tie 
purposes. 

69. nferlta nnd demerlta. Steel tics hold track absolutely to 
gage. Owing to their uniformity in cross-section, in strength and 
in bearing surface, they hold track to better hue and surface; and 
the rail wear is more nearly unifoi-m than with wooden ties. 

In the absence of sufficient data from experience, their life la 
usually estimated at two or three times that of wood ties. 
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Owing to their small metal cross-section, steel ties require more 
ballast than do wood ties of the same external dimensions. 

When steel ties have been puncht with square holes, splitting has 
been found to begin in the comers of such boles. 

Steel ties arc exposed to deterioration from rust, especially In 
damp situations, such as tunnels, and under brine drippings from 
refrigerator cars. Protectiv coatings have been used ; but these 
are dlflacult of application to ties in service. 

The all-steel tie is a satisfactory substitute under heavy medium- 
speed traffic. It is durable. Line and surface can be malntnind 
(see Maint costs, il 73). It has suflicient resilience, and«can be insu- 
lated. The fastenings are usually inadequate. Am liy Eng Assn 
Procs 1D12, Vol 13, Comm on Track. 

70. Carnesle. Figs 4 represent the steel tie of the Carnegie 
Steel Co. A, plan of whole tie ; it, side elevation ; C and I), en- 
larged cross-secs at mn and op. Fig .4. respectivly : h' and F, plan 
and elevation showing rail and standard fastenings In rock or 
coarse gravel ballast, and on descending grades under heavy traffic, 
the lower flange may be crimpt, as shown in A, B and 1) ; but this 
interferes with ballast tamping. The tie may be puncht for two 
weights of rail. 




VlK. 4 . 


lumensioDh, in Ins, etc 


Section 

IbB/ft 

Tie, 8.5' 
long, 
wt, Ibh 

Depth 

lower 

flange 

width 

upper 

flange 

width 

web 

thickness 

M24 

9.5 

81 

3 

5 

3 

13/64 

M25 

14.5 

123 

4»4 

6 

4 

1/4 

M 21 

20 

170 

->¥j 

« 

4 Vi 

1/4 

M28 

27.8 

236 

6% 

10 

rj 

5/16 


The fastening allows about % inch play, vert and hor, in the 

rail. 

71. Insulation consists of % inch fiber, of which there is (1) a 
plate betw the steel tie plate shown in Fig 4 F and the top of the 
tie, (-M a washer under the rivet washer, and (3) a bushing around 
the rivet shank. 

72. The first Carnegie steel ties were placed on the Bessemer A 
I.»ake Erie (a Carnegie-controlled road) In 1904, They have stood 
well under heavy freight traffic at moderate speeds. Under high 
speeds, their rigidity has been found objectionable. 

Owing to restriction of movement betw rail and tic, they have 
been found to reduce creeping. 

In rcneicing, it has been found lhat a gang can handle more of 
them than of wood ties. In a given time. 
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Ag a protection againat rust, they have been dipt in hot tar, at 
a cost of 5 cts each. 

The inaulaiion (see 1171) has been found to work well while in 
good condition ; but, In 3 or 4 years, the fiber plates wear, and the 
bolts become loose In consequence. See K 73. Many have been 
removed upon the installation of automatic signal systems. 

The coat may be taken at from to $2.60 per tie ; with 20 

cts additional, per tie, for fastenings. This is rather more than 
double the cost of wood ties. 

73. On the Pittsburgh d Lake Erie, Carnegie steel ties, with 
bolt-and-clip fastenings, were laid in new limestone ballast, Aug 
1007, on 44(K> ft of main line freight tracks, speeds to 30 miles/br. 
Maintenance costs ns follows. 

1008 1009 1010 1911 1912 Total $/mile 

peryr 

White oak $417 95 128 110 94 850 204 

('arnegie steel $280 153 428 184 348 1393 334 

In 1011, the white oak tie track was renewed once; the steel-tia 
track three times. The first 17 liber plates gave out, cut by rail 
ba.‘«e ; 20 holla hmse in steel*tie clips. In 1012 the cost included 
$102 for renewing 1000 fiber plates. “Practlcully no signal trouble 
whatever ” 

Other roada have reported less trouble in track maintenance than 
with wood ties. 

74. .\nnunl has oj weight, doe to rust, attrition, etc., has been 
variously reported, from dlff roads, as ranging from 0.7 Ib/tie, or 
0.40%, ‘in slag or gravel, to 4.5 Ibs/per tie, or 2.55% in cinder. 
After s< ven years of service, they have sliown little external evi- 
dence ot corrosion. I^aid on the Pittsburgh. Shawmut & Northern 
in 1007, and reported as giving “eminent satisfaction” In 1913, 
they appeared to be ‘’falling quite rapidly of late” in 1915. 

Carnegie ‘«teel ties, laid on the Erie In April 1909, w’ere found 
rusting and cUprcciating in salt atr in 1013. 

75. On the Duluth, Mlssabe & Northern, they gave great aatia- 
faction as substitutes for wooden ties which had given great trouble 
on swampy ground, 

76. Where wedge fastenings are used, trouble has been experi- 
enced in keeping them tight. 

77. On the Lake Shore & Mich Southern, near Sandusky, under 
heavy traffic at high speed in 1905-6, Carnegie steel ties were laid, 
with a wooden block fastend on top of the upper flange under each 
rail at each tie, at a cost, complete, of $2.25 lo $2.50 per tie. The 
blocks were fastend by bolts, passing thru metal U-straps under the 
tie. This, by confining the wood fibers, increast the pulling resist- 
ance of the spikes. Up to 1908, these ties gave no more trouble 
than wood in regard to Insulation ; but trouble with the insulation 
was experienced later ; and all of the ties had been removed, in 
1915, on account of softening of the timber. 

78. The L S & M S, near Toledo, In 1007, laid Carnegie steel ties 
from which the upper flanges bad l)een removed, and to which two 
wooden blocks, one on each side, had been bolted thru the tie-web 
under each rail, and bearing on the tie flanges ; the rails being 
spiked to the wooden blocks as to a wooden tie. 

In 1910 these were reported “In fine shape”, and to have “held 
surface and Hue as well as any track on the L S & M S.” 

79. The inverted-trough section, owing to its downward projec- 
tions, is unfavorable to tamping. Hence, It Is made shallow, and 
this renders the tie weak vertically. It is still used under light 
traffic, as in industrial, construction and mining tracks, etc. 
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80. Flfrs 5 show two forms of the Carnegie steel trough or 
ohannrl tk, with their fastenings. 


Tho following 
Section lbs per ft 
M 1ft 2.5 

M 26 3.2 

M20 6 

M 27 9 


sections are furnisht, dimensions In Inches 
Depth Extreme width Web thickness 


% 


4 

4 *Vi« 
G 


v«. 


Fig 
5o 
T) a 
.5 h 
5 h 



For mine Mcork, tho clipN arc prest out of, or riveted to, the 
horizontal portion of the tie Itself. 

In lftOO-1901, hforier Carnegie steel trough ties, weighing 19ft 
lbs each, were Installed on the Rcaacmer tfc Lokc Eric. After 8 
years’ service, they had lost 2.5 Ibs/tle/yr, = 1 25% /yr, and showd 
no appreciable wear under the rails. 

Concrete and Compodite Ties. 

81. Merita and demerita. Concrete and composite ties are usu- 
ally heavier than steel ties for the same service ; but less expenslv. 
Months are required for proper set of concrete. Cone surfaces, if 
not protected by metal, are vulnerable to blows, as In derailments. 
It Is dlflOicult to provide satisfactory fastenings. Their weight and 
the roughness of their surfs are favorable to lateral stability, and 
the absence of downward projections is favorable to tamping and 
to removal. The cone itself furnishes tolerable insulation for slg 
nal circuits; but there is danger of contact thru the reinforcing 
metal. 

They have generally faihl, by reason of brittleness, excessiv 
weight (rendering handling dlflicult) and deterioration of the fill- 
ing when this is of asphalt mastic. 

Am Ky Eng Assn Procs, 1912, Vol 13. Report of Tie Committee. 

82. The following records of experience with eomposlt ties 
may be of value as indicating what has been done and what should 
be avoided, in making such ties. 

82n. 1:2:3 concrete, reinforced by 2(4 Inch longitudinal wrot 

Iron pipes and a sheet 5 X 8.5 ins of heavy wire netting, under 
each rail. Weight. :;21 lbs; fastenings, 35 lbs additional. $1..50 
to $1.75 each. 

82b. Trapezoidal, with batterd ends. Reinforced by coll of wire 
mesh, No 16 gage, % inch pitch, and by (4" rods. Cost 81.50 each. 
In Scully yard, Penna Lines West Installed 1906, in cinder ballast, 
under heavy slow traffic. Hails spiked thru tie plates to wood 
blocks; 16 ties to 3(l-ft, 85-lb rail. Crumbled under rails. Bolts 
loosend. Rail creeping turnd clips around, unclamping rail. 

82c. An Inverted 65-lb scrap rail, imbedded In concrete. Bnt- 
terd ends, Narrowd, at center of track, to width of wli flange. 
This narrowing prevents lateral movement. 80.95 -f fastenings and 
180 lbs scrap rail. 

L 8 & M 8. Still in track, in good condition. B B Gai, 1908 
May 1, p5ft4. 
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Pg Ft W & C. Placed 1903. All removed 1906. Cone broke away 
from steel. 

Placed 1903. Light medium-speed traffic. Broke. 
Removed 1903. 

"The most successful of all the cone ties I have seen, and under 
favorable conditions it certainly makes a line looking track.” 
Stands derailments well. Rock ballast may be too rigid. Gravel 
may be better. A:n Ry Eng & M W Assn, Procs 1907, Vol 8, p 465. 

A REM W A Bulletin 108, Feb 1909, p 174 give favorable ac- 
counts from L S & M S, and unfavorable accounts from Penna 
Lilies, Chicago Junction, Lake Erie & Western. 

RAILS, Ac 
General 

83. WelRlit. Ralls weighing from 75 to 85 Ibs/yd are In com- 
mon use ou lines of heavy traffic ; but 90-lb and 100-lb rails are 
used under extremely heavy traffic. Still heavier rails have been 
rolled, b\it difficulties in their mfr militate against their extersiv 
use. 

84. Lenarih. standard— *33 ft at GO® Fahr; 1915.* t33 ft at 
60® Fabr 10% of order accepted In lengths of 30 ft. 27.5 ft and 
L'5 ft. Variation "f V 4 inch from specified lengths allowd. 1912,t 
Ralls 60 ft long are sometimes used at highway crossings, etc, to 
avoid the occurrence of Joints under the planking and paving, 
where they would be inaccessible for tamping. They are used, also, 
in track in general, to reduce the number of Joints. 

Behavior 

85. AVonr of rails is most rapid on sharp curvs, where the 
flanges grind agaln.st the side of the rail head. It decreases as the 
sharpness of curvature decreases. On curvs. the wear of the top 
of tlip mil head is very small in comparison with that of the side 
of I be head. 

80. On tangentft. rail wear occurs principally on the top of 
tlie head, and la due to the tractiv effort of the loco drivers and 
to the slipping of v heels of unequal diams fastened to tlie same 
axle. 

87. On oradfft, and at stations, owing to necessary increase of 
tnictlv effort, both in starting and In stopping, rail wear is greater 
than ou level track or betw stations. 

88. The allowahle limit of wear of top of rail heads is generally 
taken at nbt % inch ; but, before this limit is reacht, the rail must. 
In many cases, be removed on account of roughness of running sur- 
face. causd (1) by slivering of the metal, or (2) by bending and 
excesslv wear at the rail ends, especially at the receiving end of 
the rail In double track. 

80. lilfe of mils is variously estimated at from 100 to 250 mil- 
lion tons of traffic past over them, depending partly upon alinement 
and grades, and upon condition of track. 

90. Vndcr heavy traffic or on sharp curvs, the rails may have to 
l>e turnd end for end. or renew d, as often as once in two years. On 
rapid transit lines, renewals of rails on curvs must in many cases 
bo made much more frequently, in .some Instances oftener than 
annually. 

91 . **Corrtiifa4lon^ of rail heads has become very annoving and 
expensiv, especially on curvs and In track traverst by electric roll- 
ing stock. It consists of a series of low worn spots on the rail 
head, the spots being usually some fraction of a foot apart. No 
agreement seems to have been reacht as to the cause, in spite of 
numerous theories put forward, s. plausible theory Is that, since 
in rounding a curv, one wheel or the other of n pair must slto 
longitudinally, the sllnplng may take place in jerks, the truck 
frame and the axle being alternately twisted slightly and releast. 



7.04 




The low Me coef ol siippin? ""“W permit an appwlable ,Udio) 
fluid conseoueDt excessk ivearl a one iho rail hefoee one 

im with fhfi nthor' ni}J H ///*w rohliiff of both niipf*!', 
tL high'statU’ fric corf of rolling would prevent 

slipping until the curv bad been trau'rat %d^SSp 

alipplng once more. Wheels, 'traversing a curr. mu^t slip ^de 
wise as well, and this, like the longitudinal slipping, take 

S ince in Jerks simultaneous with the longitudinal slipping: ana 
iese slips probably resolr tbemselvos Into a diai:onal slip .ad 
other theory, based largely upon the observation that corrugatlonH 
vary with tie-spacing, etc., attributes corrugation to vibrations of 
the track and ground. 


Composition^ requirements, etc. 

Mgent of Spool flratlonfl. 

R, American Railway Association. “Recommended Practice" proposed 
by Committee on Standard Rail A Wheel Sections, March 23, 1908. 

Wy American Railway Engineering A Maintenance of Way Association. 
“Manual of Recommended Practice," 1907. 

N« American Society for Testing Materials. Standard Specifications, 
adopted Sep 1, 1907, Proca, 1907. Vol VII, p 44. 

C, American Society of Civil Engineers. Specifications recommende<l by 
Special Committee on Rail Sections, July 9, 1907, amended Jan 1908, 
Procs, Aug 1907, Vol XXXIII, No 6. p 290; Feb 1908, Vol XXXIV, 
No 2. p 85. 

A, AU = R, W, M, C. 

Composition. 

Composition, R. American Railway A&sociation. 

lbs per yd 60 70 80 00 100 

Ressemer. 

Carbon %* 0.37-0.47 0.40-0.50 0.43-0.53 0.45-0.55 0.46-0.56 

Manganese % 0.80-1,10 0.80 1.10 0.80-1.10 0.85-1.15 0.90-1.20 

Pho.sphorus ^ * > 0.10 : aulphur % > 0.075 , silicon O.IO t > 0.20. 


Cipen Hearth. 

Ihsperyd GO 70 80 90 100 

Carbon %t 0..50-0.60 0.55-0.65 0.60-0.70 0.65-0.75 0.70-0.80 

Manganese % 0.75 to 1.00 for all weights ; 

Phosphorus > 0.04 ; sulphur > 0.06 ; silicon % 0.10 to 0.20. 


Composition, M. Am Soo for Testing Materials. 

lbs per yd SO to 09 60 to 69 70 to 79 80 to 89 90 to lOO 

Bessemer and Open Hearth. 

Carbon %t 0.35-0.45 0.3Sd).48 0.40-0.50 0.43-0.53 0.45-0.55 

Manganese % 0.70-1.00 0.70-1.00 0.75-1.05 0.80-1.10 0.80 1 10 

Phosphorus % > O.lOt : silicon % > 0.20. 


Composition, W, C. Am Ry Eng A M W Assn, Am Soc Civ Engrs. 

Ihsperyd 70 to 79 80 to 89 90to100 

Bessemer. 

Carbon% 0.50 0.60 0.53 0.(i:i 0.55-0.65 

Manganese % 0.75 1.00 0.80-1.05 0.80*1.05 

Phosphorus % > 0.085 : sulphur % > 0.075 ; silicon % > 0.20. 

Basic Open Hearth. 

(Fall chemical determination for each heat.) 

lbs per yd 70 to 79 80 to 89 90 to 100 

Carbon % 0.53-0.63 0.68-0,68 0.66-0.75 


*With lower phosphorus, carbon should be increased in proportion, R« 
tWith higher phosphorus, carbon should be reduced in proportion, R« 
J Carbon may be reduced to suit local conditions, W. 
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Manganese % > 0.90 ; phosphorus % > 0.05 ; snlphur % > 0.06 ; 
silicon % > 0.20. 

manufacture. 

ln|(UtH kept vertical (in the pit-heating furnaces, W, M, €} until ready 
to be rolled, or until the metal in the interior has had time to sohdify, A ; use 
of “bled" $ ingots forbidden, A. 

“ Dl»car<l.’'t to be sheared from end of bloom formed from top of ingot, 
sufficient to insure sound rails, R: subject to agreement, M; < 25%, more 
if necessary unti? steel appears solid, W, C. 

Nhrinkairc. Number of passes and speed of train to be such that, 
on leaving the rolls at the final pass, temp of rail shall be > to requirCjat 
the hot saws, a shrinkam allowance, for 33 ft 100 lb rail, of 6.5 ins, R; 

ms, m ; CVie ins, w, C: \'h inch less for each 10 lbs decrease in sec- 
tion, R: inch less for each 5 lbs, W, m, Cs allowance decreased 0.01 

inch, m inch, C) for each second of time between leaving finishing 

rolls and sawing W, M, C. 

<\»olin|i^. Kails must not be artificially cooled between “leading” and 
“finishing" passes. R; or after leaving the finishing rolls, R. between 
finishing pass and hot saws, W, M ; or held, before sawing, to reduce temp, 

R, €. 

Brand. Maker’s name, weight of rail, month abd vear of mfr, rolled 
in raised letters on web ; number of blow stamped on weo where it will not 
be covered by splice bars. A: also “A" on rails from top of ingot, then 
“B,” “C,” etc, consecutively : “A” omitted where top discara < 20%; 
“A” rails shipped in separate cars, R; open hearth rails to be markra 
“OH," II. 

Sfrai;i:htcnlngr. Rails on hot beds to be protected against contact 
with wate.-^ or snow, R; rails, varying > 5 ins, .H. € (> 3 ins, W, R) from 
a straight Ime in any direction, on reaching cold-straightening machine, 
or having short kinks, to be classed as 2nd quality, A ; aiul so marked, R ; 
I'nd so stamped, W, m, C’; .supports of rails in gagging press 42 inr 
apart, U. W, R: supports to have Hat 8urface.s, K: ' finished rads to b« 
straight in line and surface and smooth on heatl, final straightening to b< 
done cold, sawn stjuare on ends, variations > inch; saw' burrs removet^ 
and ends cleaned before shipment, A. 

PermlNNlble VariatlonR. 

In section. In hight, inch, R; inch less, ^32 inch grcatei 
W. m. C?; in flange w'idth, Vie inch, A : rail must conform to fit of spliev 
bars, R, W, 

In weigTht. 0.5 % on entire order; rails accepted and paid for by actual 
weights, A. 

Ill lenKlh. 0.25 inch, A. Standard length, 33 ft, A : 10 % of ordei 
accepted in lengths of 30, 28, 26 and 24 ft, R ; in lengths varying, bv 
even feet, to 27 ft, W, M, C; all No 1 rails < 33 ft to be painted green 
“on the end," W, M ; on both ends, R, C. 

TeatN. 


Drop test. “Tup,” 2000 lbs, A; striking-face radius, 5 ins, R: > fi 
ins, W, M, C; anvil block, 20,000 lbs, R; < 20,000 lbs, W, M, C: 
3upi>ort8 to be part of, or firmly secured to, anvil. A; test piece, length 
< 4 ft, > 6 ft, A ; test piece to be taken from top of ingot, A ; placed* 
head upward, on supporta (5 ins tup radius, R), 3 ft apart. A; one dron 
test from each blow, R. W, (for Bessemer, C); every fifth blow, M : two 
from each heat for basic open-hearth, 11; hight of fall : 
lbs per yd 60-80 90-100 45-55 55-65 65-75 75-85 35-100 

fall, ft 16 17 18, R; 15 16 17 18 19, M; 

lbs per yd 70-79 80-89 90-100: 
faU, ft 18 20 22, W, C. 

Temperature of test pieces between 32* and 100® F R. Renort te% 
state atmosphenc temp, W, m, C’. Report to 

of wWch the liquid pteel has escaped, R. 
lIMetal from top of ingot, whether cut from bloom or from raill r! 
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Acceptance and Rejection. 

If piece breaks without showing “pipe” or physical defect, all rails from 
that heat are rejectee!, U. 

If broken piece shows “pipe” or physical defect, the top rail from each 
ingot of tliat heat is rejected, and the insjjector selects a piece from a rail 
not from top of ingot. If this piece breaks, the rest of the rails of the heat are 
rejected: if not, they are accepted, R. 

If first test piece does not break, it is tested to destruction. If it then 
shows “jiipe” or physical defect, the top rail from each ingot is rejected, the 
rest accepted. If not, all the rails of the heat are accepted, 11. 

If test piece breaks, two additional tests are made of other rails (taken 
from top of ingot, W, BE, C) from same blow. If either additional test fails, 
all the rails of the blow are rejected. If not, all are accepted, W, M, C. 

02. Maneonese «t««l rails, both cast and rolled, and rails of 
other special steels, are used on eurvs of city rapid-transit lines 
Steam roads have used such rails but little, if at all, altlio man- 
ganese steel is largely used in switch and crossing frogs. Some 
early manganese cast steel rails, used on eurvs in Boston subways, 
altho tea times more expensiv than ordinary rails, lasted twenty 
and more times longer. 

Where a more durable rail is used, rail renewals are less fre- 
quent. On the Boston eurvs mentlond, ordinary rails required 
renewal twice in about 3 months. 

Rail Sections. 

Am Soc C E Standard Rati Seetlonn. 
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■ 93. Fig 6. Transiw f:ons .Tune IS't;;. \ .,1 No. ti, pp 4L’,') etc 
Final Report of the Committee on Rail Sections. 

In nil sizes, 

Radius of top of head = radius of sltb* of web ~ 12 

inches ; 

Other radii (in inches) and angles, ns shown In Fig; 
Base-width, / — rail hlglit, o : 

Distribution of cross-sec area; In lie.Kl, 4'J% ; In web. 21% ; 
in base, 37%. 

The following properties of ASCE rails are from Carnegie 
’ocket Companion : — 

A = cross-section area : 
y = height of grav cen above base ; 

/ “ inertia moment, p 408 : \ 

X = section modnlus, p4(J7; J about axis .c « 

r = gyration radius = I /A ) 
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For standard rail sections of Am Ry Assn, see pp 798, 799. 

For those of Am Ry Eng Assn, see H 94. 

For chemical and physical requirements of rails, see pp 794- 
796 and 1159-1153. 


Bold-faced fiKuren give Dimensions in sixty-fourths of an 
inch. 


A In sq ins ; y and r in Inches. Bcc also and ||. 


Rail wt, 

Iba per yd 

40 

45 

60 

55 

60 

65 

70 

75 80 

85 90 

95 

100 

« = f 

224 

236 248 260 272 

284 

206 308 320 332 344 356 368 

b 

65 

68 

72 

75 

78 

82 

86 

01 06 

00 102 

105 

100 

e 

110 

126 

132 

130 

145 

152 

158 

163 168 

176 183 

101 

107 

d 

40 

42 

44 

46 

40 

50 

52 

54 56 

57 50 

60 

62 

e 

120 128 

136 

144 

152 

154 

156 

158 160 

164 168 

172 

176 

g 

25 

27 

28 

30 

31 

32 

33 

34 35 

36 36 

36 

36 

.1, sq ins 

3.9 

4.4 

4.9 

5.4 

5.9 

64 

6.9 

7 4 7.8 

8.3 8.8 

9.3 

9.8 

Ins 

1.7 

1.8 

1.9 

2.(1 

2.1 

2.2 

2.2 

2 4 2 4 

2.5 2.5 

2 7 

2.8 

/ H 

66 

8.0 

9.8 11.9 14.5 

16.9 19.6 22.9 26.2 

30.0 34.0 38.6 43.8 

X it 

3 6 

4 2 

4.9 

5.8 

6.7 

7.4 

82 

9.3 10 0 11.0 12.0 13.3 14.6 

r, Ins 

1.30 1.35 1.42 1.49 1.58 1.63 1.70 1.78 1.83 1.90 1.97 2.06 

2.1 


9i. Heavy mil sections* Am Ry Eng Assn* Manual* 191Si* 

pp 77-83. See Fig, t> 798. 


Bold-faced flynires g:lve linear dimensions In 4t4ths of an Inch. 


(.\rea8 In square Inchea See also H and H ) 




Adopted 

Procs, Vol 16, 1915, 
pp 397, 1117. 

Submitted 

by Committee 

Lbs/yd Noninl 

90 S 

100 

110 

120 



ActI 

89.96 101.49 

110.36 

120.87 



« 

360 

384 


416 

432 

44S 

b 

04 

106 


114 

118 

122 

c 

mmym 


218 

220 

230 

246 

d 

64 

68 

72 

76 

78 

80 

e 

164 

172 

178 

184 

. . . 


r 

328 

344 

352 

368 

384 


0 

36 

36 

38 


42 

44 

cot A 

4 

4 

4 

4 

4 

4 

i 

163 

176 

181 

187 

104 

201 

m 

806 

806 

808 

806 

806 

806 

n 

24 

24 

24 

24 

24 

24 

Area, sq ins 







head 





4.63 

4.93 

web 

2.12 

2.25 

2.49 

2.69 

3.02 

3.28 

base 

MM 

3.90 

4.29 

4.76 


5.37 

total 

8.82 

9.96 


11.85 

12.71 

13.58 








Inertia Mom 







Section Mod 

38.7 



67.6 

77.4 

89.2 

■XII 







head 

12.56 

15.1 

16.7 

18.9 

20.8 

23.1 

base 

16.23 

17.8 


23.1 

95.6 

28.4 


“No new designs for sections under 100 lbs are proposed." 


HI = inertia moment, in biquadratic Inches. See p 468. 
||jr = section modulus in square inches. See p478. 
{Identical with Am Ry Assn’s 90-lb rail, type A, p 799. 
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Acceptance and Rejection. 

If piece breaks without showing “pipe” or physical defect, all rails from 
that heat are rejectee!, U. 

If broken piece shows “pipe” or physical defect, the top rail from each 
ingot of tliat heat is rejected, and the insjjector selects a piece from a rail 
not from top of ingot. If this piece breaks, the rest of the rails of the heat are 
rejected: if not, they are accepted, R. 

If first test piece does not break, it is tested to destruction. If it then 
shows “jiipe” or physical defect, the top rail from each ingot is rejected, the 
rest accepted. If not, all the rails of the heat are accepted, 11. 

If test piece breaks, two additional tests are made of other rails (taken 
from top of ingot, W, BE, C) from same blow. If either additional test fails, 
all the rails of the blow are rejected. If not, all are accepted, W, M, C. 

02. Maneonese «t««l rails, both cast and rolled, and rails of 
other special steels, are used on eurvs of city rapid-transit lines 
Steam roads have used such rails but little, if at all, altlio man- 
ganese steel is largely used in switch and crossing frogs. Some 
early manganese cast steel rails, used on eurvs in Boston subways, 
altho tea times more expensiv than ordinary rails, lasted twenty 
and more times longer. 

Where a more durable rail is used, rail renewals are less fre- 
quent. On the Boston eurvs mentlond, ordinary rails required 
renewal twice in about 3 months. 

Rail Sections. 

Am Soc C E Standard Rati Seetlonn. 
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■ 93. Fig 6. Transiw f:ons .Tune IS't;;. \ .,1 No. ti, pp 4L’,') etc 
Final Report of the Committee on Rail Sections. 

In nil sizes, 

Radius of top of head = radius of sltb* of web ~ 12 

inches ; 

Other radii (in inches) and angles, ns shown In Fig; 
Base-width, / — rail hlglit, o : 

Distribution of cross-sec area; In lie.Kl, 4'J% ; In web. 21% ; 
in base, 37%. 

The following properties of ASCE rails are from Carnegie 
’ocket Companion : — 

A = cross-section area : 
y = height of grav cen above base ; 

/ “ inertia moment, p 408 : \ 

X = section modnlus, p4(J7; J about axis .c « 

r = gyration radius = I /A ) 
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Note. To avoid the prlntlas of fracttoao, linear dimensiona 

(except for R; oee foot-note t tf below), are given In bold-fnee» 
and are in eixty-fourths of an Inch. Areas are In square inches. 

Lower-case letters o, c, etc, refer to dimensions of fo4I oad 
splice-bar. Splice-bar dimensions are figured on the right-hand 
bar. CAPITALS refer to dimensions of foint^ or of the combination 
of rail and splice-bar. 



Continued on next page. 


|x = 

ttft = 


inertia moment, in biquadratic Inches. See p 46S. 
section modulus In square inches. Bee p 473. 
mean radius in inches 
area in sq Ins periphery in Inches; 
zz 100 (7 for 2 bars) -i- (/ for rail) 

f Adopted by Am Ry Eng Assn, Manual, 1915, p 78. See T 
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Am Ry AMn» Rallai and Jolnta» (concluded). 

(Areas In sq ins. H tt) 


TYPE 

Rail 

Ibs/yd 

A 


60 

70 

80 

909 

100 

60 

70 

80 

90 

100 

Rail 











head 

2.21 

2.68 

3.05 

3.20 

3.64 

2.28 

2.76 

3.07 

3.56 

3.95 

web 

1.41 

1.49 

1.65 

2.12 

2.29 

1.14 

1.34 

1.54 

1.70 

1.89 

base 

2.24 

2.65 

3.16 

3.50 

3.91 

2.45 

2.79 

3.30 

3.61 

4.01 

total 

6.86 

6.82 

7.86 

8.82 

9.84 

5.87 

6.89 

7.91 

8.87 

9.85 

% 

head 

37.7 

39.3 

88.8 

36.2 

36.9 

38.8 

40.1 

38.8 

40.1 

40.2 

web 

24.1 

21.8 

21.0 

24.0 

23.4 

19.4 

19.5 

19.5 

19.2 

19.2 

base 

38.2 

38.9 

40.2 

39.8 

39.7 

41.8 

40.4 

41.7 

40.7 

40.6 

1 

15.41 21.05 28.8 

38.7 

48.94 

13.3 

18.6 

25.1 

32.3 

41.t 

F Q 
head 

6.50 

8.21 10.24 

12.56 15.04 

5.90 

7.79 

9.38 

11.45 

13.70 

base 

7.24 

9.51 

12.46 

15.23 

17.78 

6.80 

8.62 

11.08 

13.21 

16.74 

•U.d 

2.85 

2.12 

1.93 

1.90 

1.80 

2.10 

1.99 

1.79 

1.68 

1.64 

web 

S.12 

3.07 

3.57 

3.30 

3.21 

4.38 

4.10 

3.67 

3.65 

3.60 

base 

8.48 

•3.20 

2.52 

2.63 

3.29 

2.94 

2.76 

2.72 

2.58 

2.49 

total 

3.12 

8.00 

2.50 

2.52 

2.92 

2.90 

2.72 

2.53 

2 42 

2.37 

Bar 











i bars 











ibs/ft 

21.76 23.94 27.14 33.64 38.28 

19.44 23.60 26,24 29.04 34.48 

area 

6.40 

7.04 

7.98 10.26 11.26 

5.72 

6.94 

7.72 

8.54 10.14 


6.69 

7.93 10.54 17.47 21.70 

4.30 

6.42 

8.69 10 88 14.40 

ni 

3.45 

3.93 

4.72 

6.87 

8 28 

2.53 

3.46 

4.41 

5.18 

6.26 1 


Railroad Spikes. 


1 


V 


M. The hook-headed spikes t, commonly used for confin- 
ing rails to the cross-ties, vary within the limits of the 
following table; the lightest ones for light rails on short 
local branches ; and the heaviest ones for heavy rails on 
first-class roads. The spikes are sold In kegs usually of 
150 lbs. For the weight of spikes of larger dimensions, we 
may near enough take that of a square bar of the same 
length. What Is saved at the point suffices for the addi- 
tion at the head. 


Dtmepalona, etc. 


Size in ins. 

No. per keg 

No. per 

Size in ins. 

No. per keg 

No. per 

^ngth 1 Side 

of ISO lbs. 

100 lbs. 

Length 

Side 

of 150 lbs. 

100 lbs. 


526 

350 

5HX 


350 

233 


266 

5HX 


289 

193 

5 X % 

705 

470 

5%X 

% 

218 

146 

5 X 

488 

325 

6 X 


310 

207 

S X hi 



6 X 

•/l9 

262 

175 


295 

197 

6 X 

% 

1% 

130 


257 

171 






I I zz inertia moment, in biquadratic Inches. 8ee p 468. 

X = section modulus in square inches. See p478. 

B ~ mean radius in inchen 

= area In sq ins -f- periphery in Inches ; 
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97. Q,uantlt 7 per mile. A milo of single-track road, with 33- 
ft rails, and 18 ties per rail length, with 4 spikes to each tie; will 
have 160 rail-lengths, and 2880 ties, and 11 520 spikes, or about 
39 kegs of 5% by 9/19, which weighs a trifle more than % Ib/spike. 

98. But an allowance must he made for gard rails at roadf-cross- 

ings, which we may assume to be 33 feet wide, or the length of 
a rail. A gard will usually consist of 4 extra rails for protecting 
the track rails, and spiked to the 18 ties by which said track rails 
are sustaind. Consequently such a crossing requires 18 X 8 
= 141 additional spikes. For turnouts, sidings, loss, etc, we 

may roughly average (allowing for about 1 mile of extra track 
in the shape of turnotits and sidings in each 15 miles of road) 

spikes more per mile; thus making in all (assuming one 
road-crossliig/milel 11.520 -f 144 -f 900 = 12,564 spikes/mile, or 
say 43 kegs of 150 lbs each. 

90. Adhesion of Spikes. Professor W. R. Johnson found that 
a plain s]dke .375, or % inch square, driven 3% ins into seasond 
Jersey yelli»w pine or unseasond chestnut, required about 2000 lbs 
force to extract it ; from seasond white oak, about 4000; and from 
well-sea solid locust, about 6000 lbs. Bevan found that a G-penny 
nail, di iven one inch, requir»*d the following forces to extract it : 
Seasond l>eech, GOT lbs; oak. 507; elm. 327 ; pine, 187. 

190. Very careful e.xperiments in Hanover, Germany, by Engi- 
neer Funk give from 24(5.5 to 3t»40 Ihs (mean of many expts, about 
3000 lbs), us the fone necessary to extract a {ilain Vi incli square 
Iron spike, 6 ins long, wedge-pointed for 1 inch (twice the thickness 
of the si>ikel, and driven 4 ‘t* inches into white or peJlvw pine. 
When driven 5 Ins the fOTce required was about 1/10 part greater. 
Similar spiki’s, 9/10 imh square, 7 inches long, driven 6 inches 
deep, required from 37oU to (5745 lbs to cxtruft them from pine; 
ihe mean of the results being 4873 Ihs. In all cases about twice 
as much force teas required to extract them from oak. The spikes 
were all driven across the grain of the wood. Experience shows 
that when driven uith the grain, spikes or nails do not hold with 
much more than half as much force. 

101. Jagged spikes, or twistfd ones (like an auger), or those 
which were either sweld op diminisht near the middle of their 
length, all proved inferior to plain, a<|uare ones. When the length 
of the wedge point was Increast to 4 times tlie thickness of the 
spike, the resistance to drawing out was a trifle less. 

102. When the length of the spike is fixt. there is probably no 
better shape than the plain sqiiare cross-section, with a wedge- 
point twice as long as the width of the spike. 

103. Behavior. The hook-head spike is, in time, workt upward 
by the undulatory motion of the rail. In being driven, it crushes 
the libers of the wood ; so that (particularly in soft woods) they 
fall to withstand the lateral pressure of the spike. The spike hole 
is thus so enlarged that the spike loses its hold ; and water, enter- 
ing the hole, hastens decay. 

104. Steel. *Finisht spike must show no sign of fracture (a) 
when bent back on Itself thru 180" and hammerd down, (b) when 
head is bent backward cold, (o) when body is twisted cold thru 
1.5 turns.* 

*Max permissible variation, from dimensions shown : thickness, 
1/32 inch ; length under head 0 inch less, 14 inch more ; thickness 
of bead, 1/16 inch; angle of hook,, 1".* 

105. Holes, 1/16 inch less in diam than the thickness of the 
spike, are sometimes bored for the reception of the spikes. They 
prevent the crippling of the wood fibers by the spike, and thus 
increase the resistance of the spike to vert pull, and that of the 
wood to the lateral thrust of the spike. 


*Am Ry Bngg Assn. tP R R- tU P B R. See also Speciflcatlons p 780. 
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106. TIe-Pluss. Wooden tie-plugs, shaped like the body of the 
spike, and driven Into the spike holes when the spikes are pulled, 
prevent decay by excluding water. If a spike is afterward driven 
into tbe same hole, the plug increases its hold in the tie. fAIr- 
dried wood ; cut longitudinally with grain ; opp sides parallel ; cut 
square at driving end; 4.5 ins long; 11/16 inch sq ; chisel-pointed 
for 0.5 inch at one end. lOlO.f 

Screw* Spikes. 

107. Screw-spikes are expensiv and time-consuming (see Costs, 
H H 118, etc) in installation, and in subsequent renewals or other 
changes ; but they prolong the useful life of the tlo perhaps two to 
three-fold, and hold the track in better shape and for a longer time, 
thus rendering renewal less frequent. Their use may thus reduce 
total installation and total maintenance coats. 

On the Lackawanna, 5 years’ use necessitated no increase in the 
number of sectionmen per mile 

Renistance. In general, screw-spikes offer two or three times 
the resistance of cut spikes to direct pull, and greater resistance 
to lateral thrust, and they maintain these resistances much longer. 
They thus reduce liability to derailment, and damage resulting from 
derailment. 

108. Corroalon may so reduce the size of the head as to cause 
loose fit in the wrench socket, and thus render removal difficult. A 
taperd head (Pig 8) obviates this difficulty to some extent; but 
machine driving (see HU 130. etc) causes alternate engaging and 
slipping in the socket and rounding of the corners During 5 years' 
use on the Delaware. Lackawanna & W’n. no screw-spike was 
found rusted within the tie. 

When the head rs broken off, removal is generally impracticable. 

106. A ralnd letter or device, on the top of the head, betrays 
any use of the hammer in driving 

110. VnrlationH in rail section Increase the difficulty in the 
use of screw-spikes. 

111. Behavior. In general, the .screw-spike, by holding rail and 
tie In contact, compels them to rest or move (as the case may be) 
together. When they move together vertically, the tie may exert 
a prejudicial churning or u heneflcial tamping action upon the 
ballagt, according to the character of the ballast and other clr 
cumstancea. Some road.s prefer to hold tie-plate fast to tie, and 
allow some play betw rail and tio-plate. 

112. As the hole must always be bored In advance, the screw- 
spike is Im Ukeljf to split thr tie than is the cut spike driven in 
an unbored tie. 

113. Owing to compression of tie and to Increasing closeness of 
contact betw tie, tie-plate and rail, In service, newly driven screw- 
spikes must Usually be Hghtmed once or twice, at intervals of some 
month.s ; hut thereafter they retain their hold with little or no 
further attention. 



11^ Dimeiuloiui. Fig 8 represents the standard screw-spike of 
the D L A W R B, 19f5. Dimensions in inches. Other designs 
•how head flat on the under side, and without taper. f 115. 
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114a. T|ie deslfcn, once adopted, should not be cltatkgb^ fts aii3^ 
change would greatly Increase the difficulty o^f the us? of pcrew- 
spikes. 

115. In order to protect the spike against bending under lateral 
pressure, Its head, on each side of the spike, must be well sup- 
ported, as by properly formd clips, or lugs on the tie-plate, or by 
dttiug the spike-head to the rail-flange. 

116. Dowels. Hardwood or metal dowels or plugs, driven or 
screwd into boles prepared for them, and tapt internally for the 
screw-spike thread, are advantageously used, especially in soft- 
wood ties, either when the spikes are first driven, or after the 
spike lias begun to loos**n. If of wood, they are treated before 
insertion. The large hole, required for the dowel, necessarily 
weakens the tie somewhat The dowel acts as a colum, and thus 
diminishes indentation of the tie. If of wood, the fiber is vert, 
and, after driving, the top of the dowel is cut off flush With the 
upper surf of the tie. The dowels are Indefinitely renewable during 
the life of the tie. 

117. The Thiolller steel colld spring or helix has been used as 
a dowel on several Am UUs and in France. Difficulty has been 
found in placing and in removing the helix. 

117n. The I.nkhovsky cast-steel split-sleeve, serewd into the 
tie, and expanding as the spike is driven, has been used in France. 

118. Costs. Screir-spikes co.st from 2 to 3 cents each, or 2 to 
3 times as much as rm spikes. Ilardicood dowels, tapt outside 
and inside, 1,5 cts each. 

119. The costs of the several' operatlans Involvd vary widely 

with conditions. Thus, plueing 2 tie-plates, boring 4 holes and 
driving 4 screw-spikes, cost 13.74 cts /tie when boring and driving 
was done to/ Jiautl ; 4.KP cis on sratleid u ork leith u mnebine hav- 
ing two drills and one driving tool; and 2.11 cts on continuous work 
with inuchuic having two drills and two driving tools. 

120. Boring. Mr. T. W, Kendrick, Am Ry Eng & M W Assn, 

Procs lino, Vol 11, Part 1, p 025. says: — "A proper machine at 
the treating plant w’O i>ore and plug (500 ties with 8 plugs each, 
per day of 10 Iirs, at .i cost of 3..5 cts/tie*’ — 0,4375 cent/plug; 
but, in estimating cost/mile, Mr. I\endri<’k takes **borlng ties for, 
and driving. 24,000 dowels" (8 per tie) at 1 cent each, presumably 
for field work. ^ 

121. ITse. Screw-spikes have long been quite generally used on 
important lines In Europe, and they are now largely used upon a 
few such lines in the V S. notably tipou the Santa and the 
D L & W. 

122. “Ties should he protected against failure from mechanit^l 
wear by means of tie-plates and screw -spikes." Report of Com- 
mittee on Ties. Am Ity Eng Assn, I’rocs, 1915, Vol 16, p 522. 

123. Tle-platea. The use of tie-plates without bottom flanges 
(see il 13,5, etc) Is generally cousiderd essential to satisfactory 
service with screw-spikes. See H fl 115 and 111. 

124. The tie-plate is sometimes screw-spiked to the tie, and the 
rail held by cut-spikes driven thru slots in the tie-plate. 

125. Joints. During the first 2 years (1010-11) of its use of 
screw-spikes, tlie D L & W used malleable Iron joint plates, and 
the angle bars . were slotted for cut-spikes. One screw-spike was 
used on the outside of the outer angle bar. Ijuter, al( joint plates 
have been rolled, and screw-spikes used- in angle bar slots, with 
one extra screw-spike on outside of the angle bar. 

126. Drlvlnig. Any screw-spike driving tool should be so ar- 

ranged as to release when the spike is driven home and thus pre- 
vent overdriving. This Is commonly arranged by providing a 
friction drive. ■ * « 
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127. Hand driving, altho Iwxact, and much more expensiv and 
time-consuming than machine driving (see H H 119, etc), must be 
used where only a few spikes arc to be driven, and on very busy 
tracks (upon which a machine-car cannot be allowd) unless elec- 
tric or air power can be brought to the tool. 

12S. For hand-driving, the simplest tool is a vert spindle, with 
a spike socket at Its foot, and a hor cross-arm, or ratchet device, 
at its head. 

129. A crank-driven hand machine, for drilling and driving, 
mounted upon an adjustable tripod, and having a nor crank-shaft 
bevel-geard to the vert spindle. Invented by Prof. A. L. Smith, of 
the Worce.ster Polytechnic Inst. Worcester, Mass., is* described in 
Bulletin 50, Forestry Bureau, p 5H. Under test, this machine drove 
two screw-spikes while three cut spikes were being driven. It 
may be operated by power. 

130. Potrer-driven machines range from small electric or pneu- 
matic drivers, held by hand, or gasolene motor cars, which the 
crew can lift from the track, to formidable collections of drills and 
drl\ers, installed at the treating plant or mounted upon double- 
truck cars to save cost of handling ties and to facilitate their re- 
moval from the track. They .are usually fitted with rail-saws, 
emery wheels, etc. The larcer machines are provided with coun- 
ters, showing the number of lies handid, and with an exhaust 
system for the removal of shavings, 

131. The Snow gasolene motor car has a gasolene motor, driving 
a generator which supplies current, thru a cable, to tlie boring and 
spiking tools, which may be KMK) ft distant from the car. The 
car may thus be kept on a side track, out of the way of trnln«. 
It weighs, complete, 3400 Ihs, and carries ten men besides the 
driver. It usually a vs 2000 to 2500 spikes/da v. It con travel 50 
mlles/hr. Fuses blow out when excessive re8iKtanc(‘ is encountered, 
thus protecting the spikes against overdriving See H 12t>. 

132. The “au-tra-kar”, a small gasolene car, can drill a spike 
hole in an oak tic in from 5 to 10 secs, and drive a spike in about 
20 secs. 

13.3. Ppeed. By power, one man can drill 9 holes while 1 Is 
being drlld by hand, and can drive .5 screw -spikes while 2 men 
drive 1 with cross-ha ndld socket- wrench. 

134. A doireling machine, used by the Santa F6, had 4 tools; (1) 
for boring dowel holes. (2) for threading these holes, (.3) for in- 
serting the dowels, and (4) for cutttftg off projecting dowel-onds 
and facing the tie. It could plug the ties for 4000 ft of track per 
day, while another machine drove the spikes required for the same 
dist, 

A single bit will drill 11,000 holes, 1500 holes betw sharpenings. 

The hole should he bored deeper than the length of the spike 

If bored thru the tie, it will facilitate the removal of shavings. 

Tie Plates 

135. Need. Where the rails bear directly upon the ties, the 
great unit pressure of the narrow rail base, the churning action of 
the rail under passing wheels, and the hastening of decay by the 
bruising of the wood fibers, cause rapid wear of the tie imme- 
diately under the rail. 

136. SoTliifc. Tie plates greatly lengthen the life of the tie. On 
curvs and bridges, the saving, in a number of cases, has been 
estimated at 50% in cost, and 00 to 75% in labor. The tie plate 
has often displaced small gangs of men whose sole duty it was 
to replace ties. 

13T. Type*. The tie-plate is placed on the tie, Immediately 
under tne rail. Spikes, bolding the plate and the rail in place, are 
driven into the tie thru boles in the plate. Some forms have two 
or more ribs on the lower side. These ribs stiffen the plate ; and. 
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114a. T|ie deslfcn, once adopted, should not be cltatkgb^ fts aii3^ 
change would greatly Increase the difficulty o^f the us? of pcrew- 
spikes. 

115. In order to protect the spike against bending under lateral 
pressure, Its head, on each side of the spike, must be well sup- 
ported, as by properly formd clips, or lugs on the tie-plate, or by 
dttiug the spike-head to the rail-flange. 

116. Dowels. Hardwood or metal dowels or plugs, driven or 
screwd into boles prepared for them, and tapt internally for the 
screw-spike thread, are advantageously used, especially in soft- 
wood ties, either when the spikes are first driven, or after the 
spike lias begun to loos**n. If of wood, they are treated before 
insertion. The large hole, required for the dowel, necessarily 
weakens the tie somewhat The dowel acts as a colum, and thus 
diminishes indentation of the tie. If of wood, the fiber is vert, 
and, after driving, the top of the dowel is cut off flush With the 
upper surf of the tie. The dowels are Indefinitely renewable during 
the life of the tie. 

117. The Thiolller steel colld spring or helix has been used as 
a dowel on several Am UUs and in France. Difficulty has been 
found in placing and in removing the helix. 

117n. The I.nkhovsky cast-steel split-sleeve, serewd into the 
tie, and expanding as the spike is driven, has been used in France. 

118. Costs. Screir-spikes co.st from 2 to 3 cents each, or 2 to 
3 times as much as rm spikes. Ilardicood dowels, tapt outside 
and inside, 1,5 cts each. 

119. The costs of the several' operatlans Involvd vary widely 

with conditions. Thus, plueing 2 tie-plates, boring 4 holes and 
driving 4 screw-spikes, cost 13.74 cts /tie when boring and driving 
was done to/ Jiautl ; 4.KP cis on sratleid u ork leith u mnebine hav- 
ing two drills and one driving tool; and 2.11 cts on continuous work 
with inuchuic having two drills and two driving tools. 

120. Boring. Mr. T. W, Kendrick, Am Ry Eng & M W Assn, 

Procs lino, Vol 11, Part 1, p 025. says: — "A proper machine at 
the treating plant w’O i>ore and plug (500 ties with 8 plugs each, 
per day of 10 Iirs, at .i cost of 3..5 cts/tie*’ — 0,4375 cent/plug; 
but, in estimating cost/mile, Mr. I\endri<’k takes **borlng ties for, 
and driving. 24,000 dowels" (8 per tie) at 1 cent each, presumably 
for field work. ^ 

121. ITse. Screw-spikes have long been quite generally used on 
important lines In Europe, and they are now largely used upon a 
few such lines in the V S. notably tipou the Santa and the 
D L & W. 

122. “Ties should he protected against failure from mechanit^l 
wear by means of tie-plates and screw -spikes." Report of Com- 
mittee on Ties. Am Ity Eng Assn, I’rocs, 1915, Vol 16, p 522. 

123. Tle-platea. The use of tie-plates without bottom flanges 
(see il 13,5, etc) Is generally cousiderd essential to satisfactory 
service with screw-spikes. See H fl 115 and 111. 

124. The tie-plate is sometimes screw-spiked to the tie, and the 
rail held by cut-spikes driven thru slots in the tie-plate. 

125. Joints. During the first 2 years (1010-11) of its use of 
screw-spikes, tlie D L & W used malleable Iron joint plates, and 
the angle bars . were slotted for cut-spikes. One screw-spike was 
used on the outside of the outer angle bar. Ijuter, al( joint plates 
have been rolled, and screw-spikes used- in angle bar slots, with 
one extra screw-spike on outside of the angle bar. 

126. Drlvlnig. Any screw-spike driving tool should be so ar- 

ranged as to release when the spike is driven home and thus pre- 
vent overdriving. This Is commonly arranged by providing a 
friction drive. ■ * « 
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*For aklpment* plates wired together in bundles of uniform 
number, weighing > 100 lbs. 1015.* 

Vae. 

142* t“1'ie plates should be used on all ties in high npeed tracks 
on cuFTs of 2 “ or over ; on all ties in track subjected to heavy 
service ; on all switch ties, and ties on turutubles, ashpits, bridges 
and trestles ; at water stations and track troughs, and thru all 
road crossings and station platforms. Tie plates should be used 
on all soft wood ties and on all ties that have been treated.’’! 

tUnless otherwise directed tie plates will be appliejl as follows 
whenever rail or ties are renewed. (“Soft wood" * includes all 
treated or untreated ties except oak) ; 

On new lines : on all soft wood ties in main track ; 

On main lines : on all soft wood ties in main track ; 

On branch lines ; on all soft wood ties on curvs of 3* and 
sharper, and on all treated ties w'hether on curv or on tangent ; 

On sidings : on all switch tie.s and on all curvs of 3* and sharper, 
and on all treated ties whether on curv or on tangent. t 

Uuil IlraeeK 

143. Rail braces are used to prevent track spreading, especially on 
curvs. For 5® curvs. live rail braces per 33-ft rail suffice For 
10* curvs, a rail brace is used on each alternate tie. 


Alkins Forged- .\jnx Kdwards Rail Brace 

Steel Brace Cast-Steel Brace and Tie Plate 

Fig. 10. 




144. Fig 10 shows three types of rail brace in common use. 

Joiwtn. 

145. The tendency of a track, to yield at the joints, is detri- 
mental both to track and to rolling-stock. 

The end of a rail, upon which a loaded wheel is moving, bends 
more than the adjacent nnloaded end of the next rail, which thus 
receive a severe blow from the wheel. 

146. When the ties are Insecurely bedded, no rail-joint ean be 
expected to do good service. 

147. Snapcnded Joints (those where the rail-ends meet at a 
point betw two ties) are generally preferd to supported Joints (in 
which they meet directly over a tie). 

148. The expansion eoefllclent. In steel rails, may be taken at 

0.000 006 5 ft/ft/deg Fnhr. Hence, a 33 ft rail, (890 Ins) under 
an increase of 60* Fahr in temp, will lengthen by 396 x 60 X 
0.000 006 5 = 0.154 Inch, The rails are also elongated slightly, 

at their ends, by the traffic passing over them. 


•A-m Ry^ Engg Assn. fP R R. tU P R R, Sec al^o Specifications p 780. 
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149. Rail creepins (See H t[ 163, etc.) brings additional strewei 
upon the joints. Creeping occurs In the direction of heaviest 
traflic, and where the traffic is equal in both directions, the creep- 
ing is in the direction of down-grade. 

150. If, in the two lines of rails forming a track, the 

placed opposlt to each other, they are called “even JalnW J 
while “stoKicered** or “broken*^ Joints are those where each joint, 
m one of the lines of rails, is opp to the middle of a rail in the 
other line. In the latter and more usual case, the jar of passing 
from rail to rail is loss severe than with even joints, luit of course 
twice as frequent. 

151. To lessen this jar. rails have been cut with beyeld or 
mlterd ends, so that the vert plane, forming the rail-end. makes 
an angle of 4;’)’’ to 60“ (instead of the usual right angle) with the 
longitudinal vert plane of the rail web. 

153. AnKle platea. Figs 7, have practically supplanted all 
other forms of joint. Their hor flanges give lateral stability to the 
joint, and carry part of the load directly to the ties, thus relieving 
the rail-ends to that extent. 

153 The alotK in the flanges of the angle bar should Im* so spaced 
that the two spikes driven into a tie for eaeh rail, shall not be 
(Uiectly opp to each other, but “staggered", in order to reduce the 
danger of splitting the tie. 

154. Uaual dlmeniilona, etc, for angrle-bar rail Jointa. 

Bolts 


Angle bars 


Bolt holes 


rail 

length 

ll>s 


diani 

lengtli 

dlam 

Ibs/yard 

Ins 

per pair 

No 

ins 

ins 

ins 

70 

40 

70 

6 


4 

% 

7r 

40 

76 

G 

% 



85 

40 

80 

G 

1V:« 

4»;. 

% 

90 

27 

__ 

4 

1 





Pllf. 11. 

155. Bridftc Joint. Fig 11. In the bridge joint, the hor flange 
of the angle bar is rolled wider than usual, and its middle portion 
is prest downward by dies, forming a girder, Gf, which extends 
downward betw the two joint-ties. This increases the vert strength 
of the joint, and the broad flanges increase the bearing surface of 
the load and increase the lateral strength of the joint; hut the 
downward-projecting flanges (requiring to come between two ties) 
restrict the liberty of placing the joint with respect to the ties. 
See end of K 168. Pigs 11 represent the Bonzano bridge johit 
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156. Other prominent types of niiftie-bar Joints. Figs 12. 



100% Weber Wolhaiipter Continuous 



Duqu<‘''nt‘ Braddock 


FIktm. 12. 


157. Abbott. In tbe Abbott rail-joint, invented ity F. E. Abbott. 
Inspecting Engr, Lackawanna Steel Co, the upper edge of each 
angle-bar is slightly deprest, at center, in order to keep it away 
from the bottoms of the rail heads, at the Joint, and thus to avoid 
the wear and cutting of the top of the angle l>ar by the rail-heads 
at that point. 



158. Fisher. Figs 13. In the Fisher joint (Fisher Rail Joint 
Works, Trentgn, N. J.) the rail basen, at their ends, are supported 
by a flanged plate, F, placed under the rail base and bolted to it by 
a U-bolt, B, and clips, L, as shown, instead of having the support 
under the rail heads ns in the angle-bar joint. A notch! and cam 
bered piece, 8, of spring ste^d. placed betw the Tl-bolt It, and the 
flanged plate, F, and held in place by the U-bolt which passes thru 
tbe notches, keeps the joint elastic, takes up looseness due to wear, 
cushions the stresses on the bolt, and maintains pressure betw the 
threads of bolt and nuts, thus acting as a nut-lock. 



Pljf. 14. 


166 . The ‘^triple llsh” (Usher) joint, Pig 14, has also a sup- 
porting plate under the rail-base. It Is a short joint, with three 
U-bolts, as shown, and specially formed angle-lMrs (“keepers”) 
bolted thru the rall-web 
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Track Bolts 

100. * Unthreaded bolt must bend cold thru 180“ and flatten 
without fracture on outside.* 

•Threads : TT S Standard upset, unless otherwise specified ; cut 
or rolled ; < J > 5 finger threads.* 

•F’or shipnuMit, bolts olid; nuts applied for < 2 threads. 1915.* 

Spiral Spring; Nut Locks. 

(See also p 11(17.) 

161. ‘Steel ; phosphorus > 0.05% ; sulphur > 0.05%. 

Finlslit nut-lock (of Internal dlam of from “/ic to lVi« inch), 
held Hat for one hour, must recover < Va U.s height or thickness 
if thickness < width ; < 0.5 X thickness If square ; < width if 
height or thickness > width. 

No sign of fracture when one end is held in vise, and opp end 
twisted to 45" 1915.* 

Metal Parts. Specifications. 

Steel. Minimum requirements. 

(For rails, see pp 705, 1152.) 

163. Strength and clastic limit Id lbs per sq inch. Elongation in 
2 ins. 


AREA Manual 
1915 

Tle- 

platesS 

Plnlaht 

Driven 

Spikes 

Screw 

Ult tensl stgth, u, 

55,000 

55,000 

60,000 

Elastic limit. 

0.5 « 

0.5 « 

0.5 u 

Elongation, in 2 ins 

20% 

20% 

22% 

Reduction of area, 

40% 

40% 

40% 

AREA Manual 
1915 

T r a 

Carbon 

c k bolts 

Nickel or other alloy 


steel 

untreated 

treated 

Ult tensl stgth, u. 
Elastic limit, 

36,000 
or 0.5 u 

45,000 
or 0.5 a 

75,000 
or 0.5 u 

Elongation, in 2 Ins 

25% 

20% 

15% 

Reduction of area, 

50% 

40% 

40% 


CrecpIuK 




163. Rail creeping is due to the undulatory motion of the rail 
under moving trains, and is most markt on roadbeds lacking in 
firmness, and on heavy grades. The rails creep in the direction in 
which the trains move ; and creeping therefore gives most trouble 
on double-track lines. It is Increast by rail expansion in hot 
weather, and dlminlsht by freezing, which restricts the undula- 
tory motion. 

164. “Cross-blndlnif*% Fig 15, has been successfully used, to 
prevent creeping. This consists simply In driving the outside 
spikes, for each rail, as shown, in advance of the inside spikes In 


*Am Ry Engg Assn. tF R R- tU F R R- Bee also Specifications p 780. 
|Por iron tie-plates, see li 140. 
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that direction in which the rail tends to creep. Then, if, for 
instance, rail A creeps in the direction indicated by the arrow, 
carrying its end of the tie with it, the tie is thrown toward the 




FIk. 15. 


position indicated by the dotted lines; increasing (1) the laterul 
pressures of both its spikes against its flange; (2) the grip of the 
tie on the rail, and thus (3) the resl.stce to the sliding of the rail 
on the tie. And conversely for rail li. 

165. Very long ties (sometimes as long as 12 ftl have al.so been 
used to reduce or prevent creeping. 

166. Slot-splklng of splice bars i.s effectiv against creeping, pro- 
vided the joint-ties hold in the balla.st. If they do not, the rails 
should be anchord to intermediate ties by anti-creeping straps. Or 
anchors may be made of old splice-bars, cut transversly into sec- 
tions, leaving one bolt-hole in each section, and making a spike slot 
in Its hor leg. A hole is then drilled In the rail web, over ihe tie, 
and the anchor is bolted to the rail, and spiked to the tie thru the 
slot. Resistance to creeping may then l>e further increast liy fit 
ting blocks botw the ties abend of the anchord lies. 

Another antl-creeplng device consists in n clamp which grips the 
rail base without bolting, and has a lug whicii bears against the 
side of a tie. 

Altho, in order to prevent rail creeping, the angle splice lairs are 
sometimes slot-spiked to the ties, ii 100, it seems preferable t'» 
depend upon rail-anchors or anti-creepers; see foiegoing II H. 

167. On the St. Loul.s bridge (steel archest and its eastern np 
proach (plate girders on iron columns), the rails crept, in the 
direction of trathc. about a ft/day, both up and down a grade of 
80 ft/mile, and with such force that none (tf tlie \arious fastenings 
tried sufllced to prevent the creeping, and the track was adjusted 
daily to accommodate It. See paper by I’rof. .1. B. Johnson, Assn 
of Engng Soca, Journal, Vol IV, No 1, Nov J884. 

168. In relaying rails, w’hen this involvs changing the positions 
of the joints, it has been usual to re-space the ties to conform to 
the new positions ; but this practice bus been abandoned In some 
cases, and with apparently i)eneficial re.siiits, the ties and ballast 
being left undisturbed. 

Where angle splice-plates (such as those of the Bonzano joint. 
If 155) with vert flanges projecting downward betw the ties, are 
used, tie shifting Is of course unavoidable. 

Continnous Ralls. 

166. Rxpanaloa and contraction. In street railway work, the 
rails are commonly welded, cnat or riveted together at their 
ends, forming practically continuous rails ; and ample experience 
has shown that, here, as In steam railroad work, a long line ol 
continuous rail does not expand and contract seriously as a whole, 
under temperature changes; the tendency to expand or contract 
being successfully resisted by the ground, acting thru the ties and 
the rail-fastenings. The result Is, of course, an increase of longi- 
tudinal stress in the rails, with corresponding microscopic changes 
in their cross-sec areas. 

170. Taking the linear expansion coefT, a, of steel, (say 
0.0(K)006 6) as the unit stretch, e, or stretch per unit length, 
(pp 456-7) under 1** Fahr temp change, and its elastic modulus, i?, 
as 29.<K>0,000 Ibs/sq inch, we have unit stress — B e t=. 188.6 
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Ibs/sq Incli/des Fahr. Taking the temp range at 140“ Fahr, and 
aiisiimlng the rails laid at mean temp, these would be subjected to 
a max temp change of 70“ and to a max unit stress of 70 X 188.5 
— say 13,200 Ibs/sq inch, which is well w'ithin the allowable unit 
stress of rail steel. 

Mt>iccllnnoou.H 

171. Difference, in length, bet\%een inner and odter rails. 

Fig 16. 



T^t 

li — radius of center line <»£ track ; 

= sweep of curv , 

Ge — gage, measured bet ecu vrnters of rails, 
f/, Lo, Li — length of arc. on center lines of curv. of outer 
rail, and of inuor nul, respectively, 
in a full circle (3C0“ ) • 

Lo — 2Trl/t + Oc/'2) = 2vli + 2r \ ~ 2 r if -f rOr,* 

Li 2v (i: — (;./2) - 2r/? — 2 tt Oc/2 ; — 2irR — irOo; 

and, suhtriK’ting. L„ — L. .=: ‘JtrOr. 

Hence, In an arc of A*, we have; 

A" ’T Or 

Lo - Li r._ '2w(ir — A** 

300 180 

With gage, G, - 4 ft S.5 ins, we have G, - about 4 ft 11 ins 

= 4.017 ft: and Lo - L. rz 0 085818 A"; log 0 085818 = 

8.03358. 


In anj f^lven lenKth, on center line, w’e have 
L 180“L 

A“ ~ 360" . 


irOcA* vGc 180 L G,h 

180 ~ 180 ’ tr/f " R ' 

In other words; /or a given gweep, A. the dlff, Lo~Li, Is 
independent of the radius: whereas, for an arc of rjiveti length, L, 
the dlff varies inversely as the radius, and is independent of the 
sweep. 


GaKe-rvldenlnB on Curva. 

173. The necessity and the extent of gage- widening, on curvs, 
depend upon many variable factors, such as length of rigid wheeK 
base, the slack, 8, or dlff hetw the track gage, 0, (on tangents) and 
the wheel gage, W, (see Fig 2, under “Rolling Stock,” p 1040) oh 
both new and worn wheels, etc. Hence, opinions and practice differ 
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that direction in which the rail tends to creep. Then, if, for 
instance, rail A creeps in the direction indicated by the arrow, 
carrying its end of the tie with it, the tie is thrown toward the 
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position indicated by the dotted lines; increasing (1) the laterul 
pressures of both its spikes against its flange; (2) the grip of the 
tie on the rail, and thus (3) the resl.stce to the sliding of the rail 
on the tie. And conversely for rail li. 

165. Very long ties (sometimes as long as 12 ftl have al.so been 
used to reduce or prevent creeping. 

166. Slot-splklng of splice bars i.s effectiv against creeping, pro- 
vided the joint-ties hold in the balla.st. If they do not, the rails 
should be anchord to intermediate ties by anti-creeping straps. Or 
anchors may be made of old splice-bars, cut transversly into sec- 
tions, leaving one bolt-hole in each section, and making a spike slot 
in Its hor leg. A hole is then drilled In the rail web, over ihe tie, 
and the anchor is bolted to the rail, and spiked to the tie thru the 
slot. Resistance to creeping may then l>e further increast liy fit 
ting blocks botw the ties abend of the anchord lies. 

Another antl-creeplng device consists in n clamp which grips the 
rail base without bolting, and has a lug whicii bears against the 
side of a tie. 

Altho, in order to prevent rail creeping, the angle splice lairs are 
sometimes slot-spiked to the ties, ii 100, it seems preferable t'» 
depend upon rail-anchors or anti-creepers; see foiegoing II H. 

167. On the St. Loul.s bridge (steel archest and its eastern np 
proach (plate girders on iron columns), the rails crept, in the 
direction of trathc. about a ft/day, both up and down a grade of 
80 ft/mile, and with such force that none (tf tlie \arious fastenings 
tried sufllced to prevent the creeping, and the track was adjusted 
daily to accommodate It. See paper by I’rof. .1. B. Johnson, Assn 
of Engng Soca, Journal, Vol IV, No 1, Nov J884. 

168. In relaying rails, w’hen this involvs changing the positions 
of the joints, it has been usual to re-space the ties to conform to 
the new positions ; but this practice bus been abandoned In some 
cases, and with apparently i)eneficial re.siiits, the ties and ballast 
being left undisturbed. 

Where angle splice-plates (such as those of the Bonzano joint. 
If 155) with vert flanges projecting downward betw the ties, are 
used, tie shifting Is of course unavoidable. 

Continnous Ralls. 

166. Rxpanaloa and contraction. In street railway work, the 
rails are commonly welded, cnat or riveted together at their 
ends, forming practically continuous rails ; and ample experience 
has shown that, here, as In steam railroad work, a long line ol 
continuous rail does not expand and contract seriously as a whole, 
under temperature changes; the tendency to expand or contract 
being successfully resisted by the ground, acting thru the ties and 
the rail-fastenings. The result Is, of course, an increase of longi- 
tudinal stress in the rails, with corresponding microscopic changes 
in their cross-sec areas. 

170. Taking the linear expansion coefT, a, of steel, (say 
0.0(K)006 6) as the unit stretch, e, or stretch per unit length, 
(pp 456-7) under 1** Fahr temp change, and its elastic modulus, i?, 
as 29.<K>0,000 Ibs/sq inch, we have unit stress — B e t=. 188.6 




Fig U). For n 6-wheel truck; axles equally spaced, we have, 
approx (see siuall-scale Fig 20) : 

B -f L \ 2 1 (B + Zr)* 

) X = 

2 / 2B8+C? 8Bb + 4(?* 

B= B‘D 

Nearly enough, ~ . 

8 Bfl 45.840 

If, in a six-wheel truck, the axles are unequally apaced, or If 
there are more than three axlea^ the equation gives greater 
than necessary, thus erring on the safe side. 

Rail Wear on Curva. 

179. Figs 21. Special raila and other devices have been naed, 
either to resist or to avoid the lateral forces developt on cum, 
and til*' .idditional wear due to them. 

180. Fig 21a, On sharp curvs, the Lehigh 
Valley Illl uses, instead of its normal 100-lb 
rail, a 110-lb rail, of the same height and 
base-width, but with a web 1/32 Inch thicker, 
and a head 5/16 inch deeper, with a special 
outside angle bar. which, on the outer side, 
projects upward, alongside of the head, to 
support the head. A special stept or “compro- 
mise” joint is used, to effect the transfer betw 
the normal and the special rail, 

FIb. 21a. 

’■As an approximation, 0 is here used for Qa or 0« (still un- 
known). In practice, G may usually be neglected. 
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181. Fig 21b. In the Sfannlns rail, need on the Balto & Ohio 
RR, the head thickness is unsymmetrical, the greater thickness be- 
ing on the side subject to wear. When this has worn down suffi- 
ciently. the rail is shifted laterally toward the curv center, in 
order to take up the wear, and thus restore the gage. 
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Fig. 21c. 


182. Fig 21c. In order to reduce the slip of the inside wheels, in 
traversing curvs, the Southern Pacllic Ity uses, on the inner sides 
of curvs, a rail with a he.^d 2.’5% narrower than that of the stand- 
ard rail. The special rail is about 8% deeper than the normal rail 
A special taper rail i.s used, to effect the transfer betw the normal 
and the special rail. 

SopereleTation. See H H 172 to 193, under "Curvs”, p 963, 


LAYING AND MAINTENANCE 
Laying 

183. The complete operation of laying track is usually performed 
in two stages, (1) Placing the track upon the ground well enough 
to permit the construction train to run over it, and (21 Ballasting 
and general completion of work. 

184. General. A vital problem of the work is that of transport- 
ing ties, rails and fittings from the source of supply to the "front” 
where they are to he laid. The ties arc sometimes carted ahead 
(part of the distance, at least), on wagons, especially in prairie 
country, or where a highway lies near by. The rails are usually 
carried on flat cars in tbe construction train, which is pusht ahead 
over the new track as It is laid. The rails, and the ties, when they 
are carried on the train, must still be transferd from the cars to 
points just beyond the furthest point of track laid, where they in 
turn are laid, and spiked and bolted up, sufficiently to permit tbe 
construction train to progress over them. 

185. Conatrvetion Train. Tbe make-up of tbe construction 
train will depend upon tbe speed of laying, dlst from base of sup- 
plies, grade and motive power, and possible or probable locations 
of sidings. If the cars used for living purposes are placed at the 
head of tbe train, tbe materials must all be transported around 
them; and if left on a siding while the work goes on. there may 
be serious delay in getting them back and forth to the construction 
crews for meals and sleeping. Frequently they are placed at the 
front of the train and left there. The order of the cars In the 
train is usually somewhat as follows, beginning with the car 
furthest ahead ; — 

"Pioneer” car; with office, and possibly shop and tools; 

Store car, with miscellaneous supplies, for living, etc. ; 

Bunk and dining car or cars, combined or separate; 

Kitchen car; 

Additional bunk and dining cars, if necessary ; 

Tool, or feed and water car ; 

Rail cars; as many as needed for tbe day, or as can he handled 
over the grades and curvs by tbe motlv power available; 
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Track fittings car ; splice plates, bolts, nuts, etc ; 

Tie cars ; as necessary ; 

Telograf line supplies car, (if required) ; 

Fuel car (if the tender capacity Is insufficient for a days service 
id if other sources of supply are not available) ; 

Locomotiv ; sometimes several. 


186. Forwarding Supplies. At night, or when necessary to re* 
irn for more track material, the bunk and dining cars are left at 
le furthest end of the construction or on a siding, and the loco 
‘turns with the rail and tie cars (and fuel car, if any) to the base 
' supplies— probably a yard. Rails and other supplies are there 
laded on to the construction train. Straight and curvd rails, odd- 
ngth rails, and hard and soft ties should be loaded separately, 
therwise, much time may be lost In rehandling and hunting them 
Lit as needed. By morning, this much of the train returns to the 
te of operations and connects up with the remainder. 

187. The road bed should be well leveld, preparatory to receiv- 
ig the ties and rails; as an uneven surface may strain and bend 
ae rails badly when the construction train is run over them, or in- 
reaoc danger of derailment. 

488. Piling tie*. When ties are stored near the track, the fol- 
twing conditions arc usually required., (See also “Seasoning 
nder “Ties”, H 53, p 788.) nMled < 10 ft from nearest rail, 
h clear betw piles.* tGn ground not lower than grade of KR, 
lid on foundation of stone or cull tles.t *1*1168 of either *.5 or 
U ties.* jlMles > 11’ layers high.f *Each pile markt with own- 
r’s name and date when piled* tand number of ties of each kind 
f wood in pllc.t •Sawd and hewd ties piled separately.* tChest- 
lut piled separately. t *T1 pk treated with zlnc-chlorld or other 
?ater solution to be piled in close piles on well-dralnd ground.* 


180. l^aying lie*. Ties are either dellverd by teams, or are 
nrrled ahead by band, or by the “track-laying machine” (see 
109). As far as possible, hardwood ties are reservd for curve, 
['he ties may be thrown down, and are then laid in place, being 
ined and spaced by a cord or graduated rod or other means. 

100. Laying raila. Rails may be skidded to the ground from 
he rail car, laterally over a couple of inclined rails; but it is 
;enerally regarded as bad practice to let them strike each other, or 
o let them be thrown on to rough ground. tTo be distributed base 
lown, with uniform Irearinc surf on roadbed. t They may be car- 
led ahead by men, or dragd by horses, or dellverd by the “track* 
.‘lying machine” (see 11199), as may appear expedient; and then 
aid on the ties. 

tllails laid one at a time. Ends brought squarely together 
igainst expansion shims. t 


101. Rnll-bending for curvn. The necessity for bending rails 
>ermanently. before laying them in curvd track, increases with the 
velght of the rails and wMth the sharpness of curvature ; and 
lecreases as the rail length increases and as the rail is held 
securely to its place under traffic 


102. On curvs of ino<Jrmfr fthurpnens, rails are usuallv laid with- 
out previous bending, being sprung to curv, and then held by the 
spikes, etc. For curvs sharper than say 10“ , and for turnouts, the 
•alls are bent, at I he site, l)y means of a hand rail-bender, at a 
‘ost of from $35 to $60 or more, per mile (Camp). For special 
layouts, they are sometimes bent (cold) at the mill, by power ma- 
•hinery. 

103. In turnoutH, the “lead rails should be curvd before they are 
laid ; otherwise it is difficult to prevent them from twisting the 
iieadshoes around when attempting to spring a curv Into them” 
(Camp). 


♦Am Ry Engg Assn, tl* R K- tU T K R. See also Specifications p 780. 
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181. Fig 21b. In the Sfannlns rail, need on the Balto & Ohio 
RR, the head thickness is unsymmetrical, the greater thickness be- 
ing on the side subject to wear. When this has worn down suffi- 
ciently. the rail is shifted laterally toward the curv center, in 
order to take up the wear, and thus restore the gage. 
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182. Fig 21c. In order to reduce the slip of the inside wheels, in 
traversing curvs, the Southern Pacllic Ity uses, on the inner sides 
of curvs, a rail with a he.^d 2.’5% narrower than that of the stand- 
ard rail. The special rail is about 8% deeper than the normal rail 
A special taper rail i.s used, to effect the transfer betw the normal 
and the special rail. 

SopereleTation. See H H 172 to 193, under "Curvs”, p 963, 


LAYING AND MAINTENANCE 
Laying 

183. The complete operation of laying track is usually performed 
in two stages, (1) Placing the track upon the ground well enough 
to permit the construction train to run over it, and (21 Ballasting 
and general completion of work. 

184. General. A vital problem of the work is that of transport- 
ing ties, rails and fittings from the source of supply to the "front” 
where they are to he laid. The ties arc sometimes carted ahead 
(part of the distance, at least), on wagons, especially in prairie 
country, or where a highway lies near by. The rails are usually 
carried on flat cars in tbe construction train, which is pusht ahead 
over the new track as It is laid. The rails, and the ties, when they 
are carried on the train, must still be transferd from the cars to 
points just beyond the furthest point of track laid, where they in 
turn are laid, and spiked and bolted up, sufficiently to permit tbe 
construction train to progress over them. 

185. Conatrvetion Train. Tbe make-up of tbe construction 
train will depend upon tbe speed of laying, dlst from base of sup- 
plies, grade and motive power, and possible or probable locations 
of sidings. If the cars used for living purposes are placed at the 
head of tbe train, tbe materials must all be transported around 
them; and if left on a siding while the work goes on. there may 
be serious delay in getting them back and forth to the construction 
crews for meals and sleeping. Frequently they are placed at the 
front of the train and left there. The order of the cars In the 
train is usually somewhat as follows, beginning with the car 
furthest ahead ; — 

"Pioneer” car; with office, and possibly shop and tools; 

Store car, with miscellaneous supplies, for living, etc. ; 

Bunk and dining car or cars, combined or separate; 

Kitchen car; 

Additional bunk and dining cars, if necessary ; 

Tool, or feed and water car ; 

Rail cars; as many as needed for tbe day, or as can he handled 
over the grades and curvs by tbe motlv power available; 
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middle ordinates for bending rails on curres. See page 816. 
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184. Eixpanulon and contraction. Expansion shims are of 
many types, from special graduated wedges to wire nails ; but they 
should be of iron or steel, not wood, and should be stampt with the 
temperatures at which they are to be used. They are placed tem- 
porarily betw the rail ends, and so serv to .space the rail joints, 
and thus to provide for expansion and contraction. They are re- 
moved later. 

185. rrovislon for expansion. (33 ft rails.) Temperatures, 
Fahr, taken on rail at time of laying. 


Space, In Inches 





betw rail-cnds 


Vic 

V4 

7i. 

Am Ry Eng Assn 

— 20° 

to 0° 

0° to -f 

25° 25° to 50° 

Penna R R 

- 10° 

to + 14° 

14° to 

38° 38° to 62° 

Space, in inches 





betw rail-ends 


Vs 

Vic 

o§ 

Am Ry Eng Assn 


‘ to 75° 

7.')° to 100° 

over 100° 

Penna R R 

62 ‘ 

‘ to 86° 

86° to 110° 

over 110" 

P R R, in tunnels 


22° 

46° 

over 70° 


tAt insulating joints, inch, irrespectiv of temp.f 


186. Joints are next made up, the splice bars being put in place, 
some If not all of the bolts past thru the holes, and the nuts 
tlghtend up. The exi>ansi(>n .shims may then be removed. fOn 
tangents, each joint is to be opposlt the middle of the opp rail 
of the same track. On cMri-.s', variation > 18 ins.f 

187. Spiking the rails to the ties then follows. The tie Is held 
up against the rail by a man with a “nipping bar”, (a lever which 
straddles the rail and hooks under the tJot. and two men drive the 
spikes, one on each side of the rail, striking alternately Kach 
spike should be dri%’en vertically and should be started with the 
side of the point squarely in contact with the rail llange, so that it 
will crowd tlie rail all the w’ay down Where screw spikes are 
used, the operation is of course different. See tinder “screw spikes”, 
il II 107 etc. Care Is of course taken that the gage be properly 
establisht when the spikes at the other end of the tie are driven. 

188. Specifications, f Where tie plates are not u«ed, inside spikes 
to be driven near east or south edge of tie ; outside spikes driven 
near west or north side of tie; < 2 ins from edge of tie. lOOO.t 

tSpIkes per tie at each rail ; — 

On tangents without tie plate : 1 Inside, 1 outside 

On tangents with flat or rlbd tie plates ; 2 Inside, 1 outside 

On curvs wdth flat or rlbd tie plates; 2 inside, 2 outside.f 


•Spikes must not be straightend during driving. Outside spikes, 
of both rails, to be on one side of tie ; both Inside spikes on the 
opp side. Spikes ordinarily 2..‘» Ins from outside of tie. Old spike 
holes to be plugd.* 


189. ^^rack-laylnK machlncH**, so called, do not actually lay 
track. They merely facilitate the forwarding of the mils and ties 
from their cars to the points ahead where wanted. They consist 
of some form of rollers or track mounted on the construction train, 
along either one side or both sides, or over the top. In some 
machines, the run-way Is laid on a grade and the material goes 
ahead by gravity ; while in others It Is carried on traveling plat- 
forms or belts or other transfer devices driven usually by a special 
stationary engin. Such machines are seldom expected to expedite 
the work ; but only to cheapen It, by reducing the number of 
laborers necessary. 


♦ Am Ry Engg Assn. tP R R. ttl P R R Sec also Specifications p 780. 
I Laid close, without bumping. 
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200. Speed of laying, according to Camp, under ay conditions; 
about one mile in 10 hours without hurrying; employing 64 
laborers, H foremen and 2 teams of horses. 

Ballasting. 

201. Delivering Ballast. Ordinary flat cars, without side- 
boards, loaded by steam shovel, hold about 10 cu yds each. With 
sideboards, 2 ft 8 ins high, a car 40 ft long will hold about 32 
cu yds. The sideboards are arranged as a series of doors, hinged 
at top. 

202. Flat oars are economically unloaded by the use of a plow, 
dragd along the tops of the flat cars, by means of a wire cable, 
attacht either to tlie loco, or to an engin drum on a car at end of 
train. With a loco, the train stands still, and each car deposits 
its full load within a dist equal to its own length ; hut, with engin 
and drum, the distribution of the material can be controlled by 
having the train in motion. 

203. Center plotrn distribute the ballast on both sides of the 
track. They are guided either by stakes, temporarily placed in the 
side pockets for the purpose, or by rollers bearing on the sides 
of the car. The point of the center plow is usually movable side- 
ways ; so that. If desired, more ballast may be unloaded on one 
side of the track than on the other. 

2<M. iS’idc plows unload on one aide only. They are guided by 
side stakes Side unloading, with either aide or center plows, in- 
volves the expense of throwing the ballast back upon the track. 
See also Dump Cars, under Rolling Stock, H 80, p 1053. 

205. To prevent ballast from dropping on the track, betw cars, 
a lu)r apron of boiler plate is binged at one end of each car; st 
as to overlap the space at the coupling. 

200. licvellng. When ballast Is unloaded (between the rails 1 
from hopper-bottom dump-cars, it is leveled by means of a spreader 
plow car, attacht at the rear of the train, or by means of a cross- 
tie fastend ahead of the front wheels of the rear truck of the car 
being dumpt. Several men. with bars or shovels, are required on 
the car, (o push the material down into the hoppers. . 

207. Tamping. Eai ih or clay hallast. Shovel equipt with iron 
cuff or handle for tamping; broad-pointed tamping bars. ‘Tamp 
each tie from 18 ins (burnt clay, 15 Ins), inside of the rail to end 
of tie with handle of shovel or tamping bar. If possible, tamp the 
end of the tie outside of rail first ai\d let train pass over before 
tamping inside of rail ; give special attention to tamping under the 
rail ; tamp center of ties loosely with the blade of the shovel. The 
dirt or clay betw the ties should be placed in layers and firmly 
packt with feet or otherwise, so that it will quickly shed the 
water ; the earth should not be bankt above the bottom of the ends 
of the ties ; the filling betw the ties should not touch the rail and 
should be as high as, or higher than, the top of the ties In the 
middle of the track. With broken stone or furnaee slag, do not 
tamp center of ties ; hank ballast Into shoulder about the end of 
the ties level with top of tie.* 

208. Costs; Ballast, cts per cu yd 

Machine-crusht stone, at quarry 45 to 75 

Placing under track, and tamping 15 to 25 

In track, completely ballasted, lined and drest.... 75 to 125 

Gravel, in completed track 20 to 30 

Including, for labor of placing in track, tamping 

and dressing 10 to 15 

Unloading, with plow and cable, including labor of 
handling cable and use of equipment 0.5 

Roadbed oil, 2 to cts per gallon 

•Am Ry Engg Assn. tP R R. iU P R R See also Specifications p 78(W 
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209. Oilingr BallaAt. On dusty roadbeds, annoyance to pnaflen- 
gers and injury to ties and Journals may l>c prevented by sprinkling 
the ballast with oil, which penetrates to a depth of several inches, 
holding down not only the dust already present, but also that 
which may settle subsequently. It evaporates so slowly that one 
application per season usually suffices 

210. “Roadbed oil" is a product of petroleum distillation, with 
a spec grav of about 0.89. It Is practically non combustible under 
the conditions of its use, and it is said that fewer ties are burnd 
in oild than in unoild track. 

211. Oil coating retards the growth of weeds in the ballast : 
and, by rendering the ballast non-absorl)ent, reduced heaving of 
the track by frost. It is bellevd to preserv ties by excluding 
moisture. 

212. The sprinkling apparatus is commonly installed on a flat 
car, with couplings for connection to an oil-tank car. In warm 
weather, the oil flows freely by gravity. In cold weather, its flow 
may be assisted by steam or air pressure, taken from the loco. 
The oil is applied to the track, to the shoulder of the roadbed, and, 
if required, to the slopes in cuts and fills. 

213. The sprinkling train can cover about 4 miles/hr, using 
2,000 to 2,500 gals of oil per mile of unoild single track Subse 
quent sprayings require less oil The penetration Increases with 
each spraying, until the depth reaches about 8 ins, which suffices 
to prevent dry and dusty ballast from being thrown up during tie 
renewals or tamping. 

Maintenance of Way. 

214. Surfacing consists of raising depressions in the track, 
(mostly at Joints) to an even surface. It is not necessary to main- 
tain track to the grade stakes to which it was laid when new, as 
long as it is maintaind fairly even. 

215. Snrfacinir <<oat of face** (consisting of a resurfacing of 
the track as a whole) is necessary every few years. 

216. Cost of surfacing varies from about $1<V> to $200/mlle 
/annum, depending upon the density of traffic, and upon the 
materials of which the track is constructed. 

217. Ballast. Renewal. Before distributing new ballast on the 
track, the old ballast should be removed from betw the ties as deep 
as their bottoms, and used to widen the shoulders of the roadbed. 
See also “Ballasting", H H 201, etc. 

218. Cleaning ballast. •Intervals, In years, betw cleanings ; in 
terminals, 1 to 3 ; heavy traffic, coal and coke lines, 3 to ,*> ; light 
traflSc, 5 to 8.* 

•Under usual conditions, clean only stone and hard slug. Use 
iMillast forks. Clean (a) shoulder, aown to sub-grade; <1>) betw 
ties, to bottom of ties; (c) center ditch of double track to sub- 
grade. Return clean ballast • 

•Bank grovel (Percentages refer to the original bulk) 

Road To be Washt or Screend Washt or Screend 

Class when containing > gravel should contain 

A 2% dust or 40% sand < 2.*I% > .35% sand 

B 3% “ or “ < 25% > 50% " * 

219. *ne*. The person Inspecting ties, with a view to renewal, 
may indicate such ties by a spot of white paint The usual method 
of putting in new ties Is to dig a trench beside the old tie, slightly 
deeper than the tie ; then to pull it sidewise Into the trench, and 
then to haul It out If the new tie is thicker, or the old tie was 
rail-cut, It Is necessary to dress down the bed of the tie. In rock 
ballast, tlea can be renewed at the rate of 8 or ici/dav/man; In 
gravel, 14 to 18. 


'Am ny tsngg Assn. fP R R- tU F R R, See also Specifications p 780. 
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220. (JoH^ of Renewing Ties 

in stone ballast about 20 cts each 

In loose gravel 6 to 10 cts each 

in cementing gravel 10 to 20 cts each 

in hard slag 9 to 15 cts each 

221. Rails. New raiis, to be laid, are placed on the ties out- 

side the old rails In place, and bolted together into such sections 
as can be expediliously handled. The spikes on the Inside of the 
rail iu service are pulled, the rail is lifted out without unbolting 
the joints (except at ends of sections), and the new rail is set 
in place and spiked. 

222. On curve, rails are often transposed, the worn outside rails 
being moved to the inside of the track, and the less-worn inside 
rails to the outside ; the inside spikes being ])ulied, the rails trans- 
posed, and the spikes replaced. 

222. The hardest track to maintain i.s that on sharp curva, ele- 
\.itc(i for fast pas.senger trains, and having to carry freight trains 
whose speed is limited, as by grade conditions. 

224, Track-recording; car* are of many types, there being ap- 
parently no standard. Nearly all carry a long strip of paper, 
moved by clock-work, or by gearing from the wheels, so that, by 
means of mechanical pencils or pens, plottings are made, on which 
the aheissue may represent either time or dhstance, as desired. 
In order to Identify different portions of the record. It Is custom- 
ary to devote one or two pens to the recording of time by means 
of a clock sending impulses thru an electro magnet which “actuates 
a pen ; or to recording distance, either automatically, by gearing 
from the wheels, or by Impulses sent from a push-button by an 
observer watching for mllf-posts or other land-marks. These marks 
c\'e Identified, either by making them with certain characteristics, 
as double, triple, or long marks, or by another operator recording 
the name by band, opposit the mark. 

225 Various elements are recorded, and in different way a 
Lateral or vertical inequalities of the track are recorded either by 
pendulums, (free, restricted, or "dampt" by "dash-pots”), by the 
relatlv motions of truck and car-body, or by those or an idle wheel 
or pair of wheels. Some cars are arranged to daub the side oi 
the rail automatically with paint, wherever the track is uneven. 

Dynamometer Cars. See under Train Resistance, p 1967. 
H H 56, etc. 
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TURNOUTS AND CROSSINGS 

PART I. PRACTICE 

TURNOUTS. 

For tho g(‘omctry of turnouts, see Purt II, p 848, etc. 

General 

1. Elements. Figs 1. A turnout consists essentially of a 
switch, two -lead*’ rails, L and Li*, a frog, and two gard-rails, g 
and gt. 

2. Facing; and Trailing;. Figs 1. When a train enters a turn- 
out in the direction of the arrow (passing the switch before reach- 
ing the frogi, it is said to “face*’ the sw'itch When it approaches 
(either from the main track, Af', or from the turnout, T) in the 
opposlt direction (passing the frog before reaching the switch) it is 
said to “trail” the switch. 



3- Donbie track; Fig 2; trains keeping to the right, as indi- 
cated by the arrows. Here, for the normal traffic, A and 1 are 
facing switches; while V and \V are tnilllug switches. In lea\’lDg 
« main track by a trailing switch (i.e., in facing a trailing switch) 
a train must move in the dlrectioti contrary to the one proper to 
said track. Nevertheless, the superior safety of trailing swltchea 
justifies their u.se, , 

4. Fig 2. A turnout Is riirht-hnnd or left-hand, accordingly 
as it sends a faring train to the right or to the left from the main 
track. Thus. V and W are right-hand turnouts, while X and x 
are left- ha nil. 

5. The poHhion of the nwiteb (Figs 1), determ Ins which of 
the two tracks. J/' or T. a facing train shall follow. The main 
lead rail "r main clo‘-ure rail, L, and the turnout lead rail or 
turnout closure rail, Li* lead fiH>m the switch to the frog, the 
fiangeways of which permit the flanges of wheels, on either one of 
the two lead rails, /> and hi,* to pass thru (see pgftiHi the other 


•.Some writers call the two eiirvd rails, Li and Iji\ the lead 
rails. See Webb, Ilailrond Coustniction, pp 'JO." and 272. 
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lead rail. The two gard-ralls, and gi, keep said wheels to their 
proper paths by confining the flanges of their mates while they are 
passing the frog. 

6. The lead (sometimes called the fra^ distance), is the dist, 
B J*, Figs 1, where P is the theoretical frog-point (If 42) and B is 
the position of the theoretical switch-point (If 79) on the turnout 
side of the main track, M M*, when the switch is set for the main 
track, as in Fig 1«. 

r 


X 

Fisc. 2. 

7. The lead eurv, or turnout enrv, D E. Figs 1, is usually (at 
hast ill theory) a simple or eirenhir ciir\. Fig 1,3. The gage- 
lines, (IV and h z, of the fron are usually straight thruout the frog, 
or from frog lieel to frog toe: as are also the switch-rails thruout 
tlieir own length. But see V 77. 

Types of Turnouts. 

Double Turnouts. 

K. Figs . 3 . In a doulile turnout (often called a three-throw or 
three-»'u> turnout*, two side tracks leav the main track at the 
same point. As compared with two neighboring turnouts from 
one truck, a double turnout economizes space, material, labor and 
time, and facilitates operation. 

9. ('urvuture. The main track may be atraight or curvd, and 
t‘u‘ Htdc ttucka may leav the main track 07i the aame or on opp 
tadcH. When they leav from opp sides, their sliarpnesses (Curvs, 
if 11) may be equal or different. Altho, in operation, the side tracks 
are thus dlstlnguisht, by their purpotti'H. from the main track, it is 
often convenient to disregard this distinction, and to consider the 
three tracks with regard only to thi*ir relativ positions, or as 
outer and middle tracks. See tl 11. Thus. T or T may be a cur\’d 
main track; in which inse, if' Is a straight turnout. 





10. Elements. Figs Ji. A double turnout requires a d-ihrotr 
switch, two main frogs, m, in', a crotch frog (middle frog), o, and 
six gard-rails (two for each of the three frogs), unless, as in Pigs 3, 
the two main frog angles (see I'art 11, 82) are equal, ana the 

two main frogs therefore opposite In which case one wing-rail 
(see H 41) of each main frog acts as gard-rall for the other main 
frog, and only four gard-rails proper (as shown) are required. 
When the two main frogs, «i and m', are of but slightly diff angles, 
and therefore nearly opp, it is impracticable to place and main- 
tain the two additional gard-rails of sufficient length. In Figs 3, 
the two rails of each three-throw switch are indicated by light 
lines, which show the switch set fur tracks T’, M* and T, respec- 
tlvly, as indicated by the arrows. Where the turnout curvature is 
sharp, tl«e sides of the crotch-frog are sometimes curvd to accord 
with it. 
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Main, Side and Connecting Trackti. 

11. Of the two tracks, connected by a turnout, it la usually 
practicable to distinguish betw one, as the main track, and the 
other, as the side track. The track, betw the main-track frog and 
the side-track, is calied the connecting track ; but the term, “con- 
necting track,” is applied also to a track of some length connect- 
ing two tracks neither of which is a side truck to the other. 

12. A apor or stub track is a track (usually short), serving 
some special purpose, as a neighboring quarry, siding, borrow-pit 
or warehouse, and not returning to the main track. 

12a. A transfer connects two non adjacent tracks, and the 
term is used especially when these are at diff levels. 

12b. A leader crosses diagonally, and connects, a series of paral- 
lel or concentric tracks. 

12c. A ladder (see Part II, p 871, S 57) connects a main track 
with adjacent yard tracks. 



Fis. 4a. 


Figf. 4b. 


Ciraantlet and Intcrvolvd. 

13. Fig 4. In certain special cases, as where two parallel or 
concentric tracks must pass thru a space too narrow for double 
track, as in a single-track tunnel or bridge, the arrangement 
shown may be used. Where the traffic, on the two tracks, is in opp 
directions, the arrangement is called a gauntlet | when it Is in the 
same direction, the tracks are said to be IntervoU’d. Two frogs, 
but no switches, are required. The two tracks are laid upon the 
same ties. 
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14. Intprovlnff Switch liocation. Fig 5. To avoid placing a 
switch on the outside of a curv It may be placed in the tangent, back 
of the curv-point, A, and the traffic carried, on a concentric liiter- 
▼olvd track, to the frog where the turnout, T, must leav the main* 
track curv, A This arrangement Involvs the use of one switch 
and one frog. 

15. An arrangement of Intervolvd tracks la sometimes used for 
the protcctinn of track scales from unnecessary usage by traffic 
which is not to be welghd. The track, carrying such traffic, rests 
upon solid piers passing thru, but independent of, the scale plat- 
form. This arrangement involvs the use of two switches, without 
a frog. Sec Yards and Stations, \ 60. 
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Diamond or equilateral turnout. 

16. Where a parallel or concentric side track leavs a straight or 
curvd main track, the main track ordinarily continues its course 
unaffected by the presence of the turnout ; the deflection, from this 
course, being effected entirely in the turnout. 


17. If, however, the defl be equally divided l)etw the main and the 
side tracks, we have a “diamond” or “equilateral" turnout- 
This pcrmila the use of a frog of greater angle (lower number), 
without sharpening the curvature. See Part 11, H 52. 



FIgf. 6. 



Y -Trucks. 

18. A Y-truck, Figs C & 7, Is used for turning engins end for end. 
It thus takes the pla'-e of a turntable. Entire trains, if not toa 
long, may be turnd on tbe Y, us well. The Y should cost less, for 
maintenance, than a turntable; and may cost less to install, de- 
pending upon the cost of ground. 

19. Pig 7. Other things equal, the Y occupies lea^t ground when 
the three tracks, or “legs,” are curvs of equal radius, r, and of 
equal length. The three switches are then at the apices of an 
cijuilateral triangle, ABC, each side '>f which equals the common 
radius, r. 

Derailing. 

20. General. Cars, left on sidings, may be moved, by gravity, 
wind, carelessness, etc., to positions near enough to the main 
track to endanger main-track traffic by collision, ('ars may start, 
by gravity alone, upon a down grade of alwut 0.4 per cent (21 ft 
per mile) ; or (under wind) on flatter grades or on level track. It 
is unsafe to depend upon the brakes. 

21. Usually a dist of 12 ft betw track centers (say 6.5 to 7 ft 
clear betw rail-heads) is considered safe. The Penna R R, 1909, 
requires < 16 ft from cen of siding to cen of main track, (18 ft 
where practicable), except on passing sidings where parallel to 
main tracks; the unconnected end of siding, adjacent to main 
track, to be curvd outward. 

22. The point, where the two tracks approach closer than allow- 
able, is often Indicated by a clearance pent of wood or of metal. 
If set betw the tracks, such posts are dangerous to men at night. 
They are therefore preferably placed 4 or 6 ft to one side of either 
track. Sometimes the clearance point is indicated by a white- 
washt half-round tie, laid across the space betw the tracks. 
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23. A derail is used in main or in side tracks where derailing 
is preferable to allowing a car to reach a danger-point, such as a 
switch or a crossing, cic. 

24. Figs 8a, Sh. The heel cHUi< of the switch-rails are indicated 
by small dots on inside of track, 

25. A single derailing suiteh-mil, as at J) or E, suffices for mere 
derailment : but a pair of siritrh-rails, a.s at It, facilitates restor- 
ing derailed cars to the track. In the derailing position, the 
switch-rail is usuallv supported by two or three rail-braces. See 
Track, Tl 14;i. 

26. The derailing switches are preferably so connected u'ith the 
main-track sicitch. A, that the derails shall always b^ in the posi- 
tions proper to the position of the main-track switch. (Compare 
Figs 8a and Sh. ) Otherwise, a sign, reminding the switchman to 
set the derail, may be placed at the main-track switch. 

27. In main-track derails, as at D, the stock-rail, S. is bent 
outward ; and a single derailing switch-rail is commonly used, heel 
ing toward the main track frog, m, and opening inward. Fig 8o. 

28. In Bide track, a single derailing switch-rail, E, placed in 
the outer rail, heels toward the main-track frog, tn, and opens in- 
ward, as in F'ig 8a. 


(a) Set for Mam Track 

S 



29. Fig So. Where a car, deralld from the tnrnoiil, as at E, 
might nevertheless foul the main track tas uhrre the ilrrail is near 
the main-line siritrh, and the side-track grade is considerable), n 
long gard-rall, g'. may be used, to keep the farther wheels, u, away 
from the main track, and a pinnK, p, to carry the nearer wheels, 
n\ over the adjacent side-track rail, /f. Or a derailing turnout^ 
C, may be used. 

30. Fig 85, A main-track car, deralld at D, is kept near its 
proper course by a long gard-rall, g, placed about H ins from that 
rail which is opposit the derailing switch. This gard-rail may be 
continued backward, and l>ent. as shown, narrowing the flangeway 
opposit the derail, and thus protecting the derail siritrh-poini 
when the derail switch Is set for the main line, as in Fig Sa. 

31. Figs 8a. 85. In donbic track, if a single derailing switch- 
rail, D or E, is used. It is usually placed in an outer rail, in order 
to avoid obstruction of the other track by deralld cars. 

32. Direction of Heeling;. Mgs Ho, 85. Where a pair of de- 
railing switches, E or R', is uswi in the side track, they may 
either, as at R, heel awap from the main-track frog, m, ppeuing 
airap from the main track; or, as at It', they may heel toward the 
main-track frog and open toward the main track ; In either case 
guiding a deralld car awag from the main track. 
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33. Wharton Switch. A special sljort form of Wharton switch 
(see tin ) is D>r main-track derails, the derailing 

switch rails being thrown aj/ainst the main track rails for derail- 
iny, and away from them for main-track traffic. This arrangement 
leava the main track unbroken ; and its wide throw avoids danger 
of fouling the derail when set for main line. 



Catch SidlnsH. 

34. Fig !). Catch-Sidings are often provided for the purpose of 
diverting and holding runaway cars on steep down grades, espe- 
t tally when approaching eurvs. The catch-sIding runs a short dist 
up the iiillside; and the switch is held, by a spring, in position for 
the siding, as shown; so that the runaway car is diverted to the 
siding, and there first brought to rest by Its own weight. It then 
runs hack, by gravity, t«i and thru the switch, and up the main- 
track grade. It thus oM-illates, emning finally to rest at the 
switch. In normal operation, the switch i.s thrown over to the 
main-track position, against the spring, by the switchman, who 
holds it there until the car or train has passed the switch. 

For Scotch-block, see Signals, H 47, p 089. 

CroMfioverK. 

35. Figs 10a, 10(i. \ crossover connects two parallel or concen- 

tric tracks. It consists of two turnouts (facing In opp directions) 
and a connecting track, which may be a tangent or a reverse curv. 



(a> (ft) 
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36. Rltfhl and Left. With right hand traffic (as in Figs lOo 
and 10ft), the two turnouts are both /eff-hnnd. if facing, as in 
Fig lOa; arid both rfp/tf-haud, if trailing, as in Fig 10ft. 

37. Double SldinK. Figs 11a. lift. On single track lines, In 
order to allow two meeting trains to await the passage of a third 
train, and then to proceed simultaneously and without backing or 



ft) 


Flsrs. 11. 

interference, a double siding is provided. The side tracks may be 
one on each side of the main track, Fig llo, or both on the same 
side, Fig lift. 
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38. The lap aiding. Fig 12, has tho advantage that the tele- 
graph office may be placed at the lap, and therefore convenient to 
the engins of both standing trains, thus facilitating operation. As 
will be leen, the lap siding is, in effect, a double track, of length 
A B, with a crossover midway of its length. 



Fig. 12. 


Gage. 

39. Some roads maintain standard gage on turnouts. Others 
widen the gage by from *4 to % inch, betw switch-point and frog- 
heel, beyond which points the gage is gradually narrowd to stand- 
ard width within a dlst of about 30 ft each way ; while, on Euro- 
pean roads, the gage is often narrowd J/4" in the turnout, in order 
to prevent lateral play of the w'heels, and to steady vehicles while 
on the turnout. The Wharton switch, see till llfi, etc., requires, at 
the switch, a gage wider than standard. 

Frogs. 

Rigid or Stiff Frog. 



40. Flangewaya. Fig 13. For frog geometry, sec Tart II, H 2, 
etc. In order that the flanges of wheels, on rail a y, may pass, in 
either direction, thru rail l>z (or vice versa), the frog provides 
channels or *‘flangeway&" thru rails b z and a y, respectlvly. 

41. Elements. Fig 13. Essentially, the frog consists of four 
pieces of rail, viz : — 

o V, the left wing rail ; 

h v>, the right wing rail ; 

P Zf the main point or long point ; 

fe]/, the side point or short point. 

42. Tlie gage lines, thru the frog, are o i/ and b z. Fig 13. To 
the remaining parts and dimenMons of the frog are given names as 
follows ; — 

Toe spread, T, = ah, measured betw gage lines at rail heads; 

Heel spread, H, zy ; measured betw gage lines at rail heads : 

ThroaL the point of shortest distance l)etweeD wing rails ; 

Mouth, the trapezoidal space betw the two wing rails and betw 
throat and toe; 

Theoretical frog point, P; the Intersection of the gage lines, 
a y and hz; 

Actual (or “half lnch’’l trog point; 
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Tongue, the triangle betw P and k: 

Flangeways or channels, the two parallel-sided channels betw the 
points and the wings ; 

Frog angle, Fy — zPy = aPh. 

43. The frost number, N, is the quotient, l/i, where I (not 
shown) “ the length of any portion of the frog, and i (not shown) 
= the increase of frog width (measd betw gage-lines and perp to 
tlie frog axis) within that portion. I Is measd, by some engineers, 
along the ct'nter-llne of the frog; and, by others, along a gage-line; 
and the number of a given frog is of eourse correspondingly affected. 
See I'art II. 11 II etc. 

44. lllicht anti left. Fig Ft. Tin- xo/c point, ky. Is ordinarily 
placed In tin* turnout. Hence, a frog is called “nr/hf-hand” if a per- 
s(m, facing it, sees the .side point on the rifiht, and t ine versa. 

45. Flllera. The two point-rails are riveted together, and a 
steel filler is secuivd in place betw the point and each wing-rail. 
1 lie two tillers are s«niu‘tin\*‘s carried beyond the point, and joined 
tliere, forming a single straddling filler. 





Fl». 14c. 


4«. FasteninKs. The wing-rails and the point, ure held to- 
gether, in their proper relatlv positions, 'usually either 

(1) by clamps and keys. Fig Ho; 

(2) by bolts. Fig Hb; 

(3; by riveting to a plate, h'lg Hr; 

(4) by bolts. and plate [combination of (2) and (3)1 • or 
(6) by riveting to tb* ))lates. 
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47. I’ractRo, respecting the choice betw these methods, is indi- 
cated by the results of two canvases, showing the number of roads 
using each method, as follows; — 

(1) (2) (3) (4) 

Clampt Bolted Plate Bolt and plate Total 

. Roadmasters' Assn, 1897, 7 29 0 .... 45 

Eng News, 1908 Jun 4, 7 32 15 19 64 

Frogs are connected with the adjoining track rails by the usual 
rail joints. See Track, M 145, etc. 

48. Altho one side of the frog is in the turnout burv, and the 
other side may be in a main-line curv, yet the shortness of the 
sides warrants making them straight, except in very sharp turn 
euts and in special cases. 

49. Length. The frog length must he such that the rail ends, 
at toe and at heel, are far enough apart to give room for the rail- 
joints without interference. Increast length strengthens the frog 
against working loose : hut it also increases waste wiien frogs 
must be renewd, because the adjoining rails always outwear the 
frogs. The adoption of a standard frog reduces the rail cutting 
required when frogs are renew'd. See H 70. 

50. Details. The wing-rail on the turnout side is sometimes 
made slightly longer, at the toe, than the other wing- rail, in order 
that the main and turnout lead rails (1! 5) may be of e«iual length, 
and still bring the heels of the switch rails opposit. 

Wear. Reinforcement, etc. 

51. Special Steel. Those parts of frogs which are subjected to 
heavy wear are fn*qucntly made from special manganese or other 

« steel of high wearing quality, and built into the body of the frog. 

* Frogs BO made cost about twice as much as do ordinary frogs ; but 
their use is nevertheless economical under lieavy trafiQc. 
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52. Kaaer Rails. Fig 15. False or outside wheel flanges, f, are 
formd by the wearing down of the tread, nearer to the flange. A 
short easer rail, c, bolted outside of each wing rail, ir, and form 
ing with a double-headed wing, raises the wheel sufliclently to 
keep the worn tread out of conta4-t with the point-rail, h. 

53. Heel Block or Heel Raiser. Figs 16. Tbe falw flange, t, 
of a trailing wheel, dropping betw the point-rails, M and *S’, tends 
to wedge them apart. To prevent this, a heel block or heel raiser, 
R, is bolted in place betw the point rails The raiser slo[>es down 
ward toward the frog Iph-i, as slio'vn, in order to lift and lower 
the wheels gradually. It may be a .solid st«»el casting, or an Inverted 
piece of rail. It alsjt spi-vs as a foot gard. See fi 75, Fnl^ss se- 
curely fastend, It may be driven forward hy the false flange, /. and 
may thus itself mt as a d<‘stnictlv w'edge 
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'M. In the rigid or stiff frog (thus far described) all the parts 
are Immovable, and both flangeways are always open. The wing- 
rails, Fig 13, by supporting the outer portion of the wheel-tread, 
protect the relativly slender frog-point, which otherwise would 
recGiv hard usage from passing wheels; and the flangeways are 
made as narrow as possible, In order to diminish the severity of 
the blows deliverd by wheels passing them ; but, nevertheless, these 
blows become serious under heavy traffic. 
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65. Hlffb FlanKewaya. In early days, in order to obviate this 
difficulty, the flange^Miys were made shallow, so that the wheels, 
traversing them, ran upon their flanges, their treads being thus 
lifted above contact with the rail-heads ; but the flanges soon cut 
grooves, which lowerd the wheels until the treads again bore upon 
the rail-heads, striking blows as before. 

ifprlng-rall Fros*. 

56. Action. Figs 17, 18. In the spring-rail frog, the turnout 
wing- rail, 6«io (called the spring-rail), altho spliced to the track 
rail at its toe, h. Is spiked along only its gage side, and It may 
therefore be moved away from contact with the point, Py, against 
which It is normally held by springs, as at h. Any main-track 
wheel, m (like its mate, m) has thus always a full bearing thru 
the frog. The spriug-ruil slides on large fixt plates, which extend 
under all the frog rails. 

Of 59 railroads interrogated, 58 used spring-rail frogs as stand 
ard. Bng News, 1908 June 4. 

57. Wheels, n', o\ passing to or from the turnout, thru the frog, 
must cross the flangeway betw the point-rail, P z, and the wlng- 
rail, Pv. To obtain flaugeway, betw the spring-rail, sir, and the 
point, Pg, the flange of a trailing wheel, o', merely pushes In betw 
the two ; while a facing wheel, ii (being held away from the frog 
by the gard-rall, gt), necessarily guides its mate wheel, n', in that 
direction also, and tlius forces the -pring-rall, 8 to, away from the 
point, Py, and opens a flangeway for wheel In either case, the 
spring, h, restores the spring- rail, 8 w, to its normal position, in 
contact with the point, Py, after the passage of each wheel. 
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6S. Guide-box. Figs 17, 18. In order to prevent the free end, 
fo, of the spring-rail, h to, from rising, when a load is concentrated 
at or neat Its other end, 6, there is fastend, to the web of the 
spring-rail, near w, a forging, the horizontal tongue of wliich 
slides in a guide-box, o, riveted to a flxt slide-plate extending under 
all the frog rails' at that point. The guide-box acts also as a stop, 
to prevent the free end, of the spring-rail, from moving out too 
tar. 

59. In order that the spring-rail head may fit snugly against the 
point-rail bead, its flange must he cut axrny on the side next to the 
point. The spring-rail, thus weakend, is reinforced, ‘usually by a 
strap riveted or bolted to its weh 



Fig. 17. 



Fig. 18. 


60. Proviaioii against false flanges. Fig 18. If the bearing, 
betw the head of the spring-rail, s w, and that of the point-rail, 
Py, is too short, a false flange (1152) worn on the outer edge of 
the tread of a trailing main-line wheel, m', passing from if' 
toward M, may strike the spring-rail flare, and thus wedge the 
spring-rail away from the point, P. To prevent this, the spring- 
rail, H tc, is given a longer bearing against the point- rail, P y, than 
would otherwise be necessary. For a similar reason, the spring- 
rail head, where In contact with the frog-point, is planed down to 
a groove parallel with the main-track gage-line, as indicated by 
the shading in Fig 17, providing a fiangeway for false flanges. 

61. For Mailt Track only. Since ordinary spring- mil frogs 
present a full bearing to the treads of only motn-track wheels, m'. 
Pig 18, and not to those of turnout wheels, n' and o', they are most 
useful where most of the traffic uses the main track, and where 
hut few trains use the turnout. But see f f 66, 67. 



SPRING-BAIL FROGS, 


833 


02. Right and Left. Rigid frogs (except those with unequal 
wing-rails, fl 50) may be used for right-hand or for left-hand turn- 
outs interchangeably ; but spring-rail frogs must be made either 
right-hand or left-hand. 

63. Creeping. Fig 17. To prevent the spring-rail from creep- 
ing, without restricting its lateral motion, the link, L, is used. 
The link is so set that the tendency to creep shall force the spring- 
rail ayainst the tongue, and not away from it. 

64. In Ihc hinged npriny-rail frog (designd to avoid the neces- 
sity of providing against creeping of the spring-rail) the latter Is 
divided at 8, Fig 17 : and the portion l> « is tixt in position, while 
the portion, s le, is hinged at w, instead of at 8, where it is left 
iree to swing outward against a spring, which restores it to its 
place in contact witli the point, after the passage of each wheel. 

65. On CurvR. Figs 17, 18, When a spring-rail frog is used on 
the outside of a -main-track curv, the centrif force of a main-track 
train, pushing against the spring-rail, between 6 and 8, tends to 
open it This tendency is resisted only by the gard-rall, g, Fig 18, 
opposit, but it Is reliev’d by slightly flaring the spring-rail away 
from contact with the tongue near the point. 

66. Double Sprlng:-ratl Pro*. In the double spring-rail frog, 
both w’iug- rails are equipt as spring-rails, and each moves inde- 
l>endenllv of the otlu'i'. Both flangew’ays arc closed when no wheels 
are passing. Such frogs are adapted to turnouts where the traffic, 
ou main line and on turnout, is about equal. See H 61. 

67. Slld'ns WInK-rnll ProR. In the sliding wing-rail frog, the 
two wing-rails are rigidly connected, at a flxt dist apart; but are 
tree to slide together, so that either of them may rest against the 
lixr tongue, leaving a tlangeway between the other wing-rail and 
t ie tongue. Wheels, eitlier facing- or trailing, open the flangeway 
(If it is not already opent liy sliding the wing-rails over (facing 
wheels effecting this by means of the opp gard-rail). The wings 
then remain In the new position for following w’heels. The wing- 
rails must slide, under high friction, while one of them carries the 
load of tlie first wheel : and an obstruction, lodged betw one wing- 
rail and the tongue, may hold the wing-rails fast, and cause de- 
railment Like the double-sprlng-rall frog, f 66. the sliding wing- 
rail frog Is designed for cases where the traffic, on main line and 
on turnout, is nearly equal. See H 61. 

Continuous Mnin Rati Progs. 

68. In order to leav the main rail always unbroken, certain 
frogs so elevate the turnout rail that wheel flanges on the turnout 
pass over (Instod of thru) the main rail, the treads being carried 
by short supporting rails, wiiich are swung temporarily into posi- 
tion, meeting over the mnin rail for this purpose, and which are 
afterward swung aside, in opposit directions, from the main rail, 
in clearing the main line. The switch Is set simultaneously with 
the frog. 

Speclflcatioufif UROf etc. 

60. ReuuirementR. In ordering frogs, specify type and details 
of construction ; section and wt of rail ; frog number or angle ; 
length over all ; length from half-inch point to heel ; spacing d 
rail-joint holes at heel and at toe; thickness and dimensions of 
plate used ; and, in the case of a spring-rail frog, or other frog 
with unequal wings at toe, whether right-hand or left-hand. In 
order that the parts may be Interchangeable, specify also that all 
frogs of one kind shall be made alike as to drilling of bolt and 
rivet holes. Wing rails (which wear out much faster than polnt- 
raiU) can then be readily replaced. 





RAILROADS. 


7©. DlmensloM, Am Ry Riikiik Absii, Manual, 1915, pp 168- 
170. SlxM or Numbers. (See also end of this paragraph for 
other than AREA.) “Nos. 8. 11 and 1(5 frogs are recommended 
as meeting all general requirements for yards, main track switches 
and junctions. New work should be laid out, as far as practl- 
cable, for these three frogs, so as to effect the gradual elimination 
of frogs of other numbers, lessen the cost of manufacture, and de- 
crease the amount of slock carrhHi.’’ 


Rigid Frogs. Figs 13 


Frog No. 

W 

K 

ir + A 

T 

H 


8 

4' 9" 

8' 9" 

i.r 6" 


13 

Vr" 

11 

♦5' 0" 

ir 6" 

17' 6" 


12 

Vi/' 

16 

8' 0" 

16' 0" 

24' 0" 

6" 

12' 


See also ff 71. 






No. It 

spring frug. 

Fig 17. 

same dimensions 

as, for No 

11 

rigid 

frog, above 






Diama of boltM for all the foregoing rigid and spring frogs 

Rail, 100-11) 90-lb K()-lb 70-!b 00-Ib 

Diam, ins, 1% 1^ 1 Vs 

Fur spring-rail frogs. Fig 17. 

Ends of uing mils chnmferd at 4r>* with vertical 

So 11 spring frog has five % inch open-end prest-steel stop-blocks. 

Slses or No*. For main-track sloic-specd turnouts. Nos 8 or 
9 to 12 frogs are commonly used ; fur high speai, as at ends of 
double track, Nos 15 or l(i to 20. In yards. Nos <5 or 7 to 8 or 9 
are used ; in crowded industrial yards, for locornotfv.s of short 
wheel-base, Nos 4 to 0. 

71. Flangevray*. A canvass of 59 railroad.s showed that 38 used 
flangeways, in frogs and lor gard-ralN, 1%" wide; IS used 1%". 
and 3 used 2 ins. 

Gord-RailM. 

72. Fig 1. In passing thru the frog, each wheel i.s held to its 
proper course by the gard-rall, g, gt, acting upon Its mate wheel. 

73. Detail*. On the side next the track rail, the gard-rall flange 
is cut away (or the gard-rail is rolled with its web inclined toward 
the track rail) in order to allow room for spiking, in the narrow 
flangeway. Instead of rails, thus trimmed or distorted, heavy steel 
angles have beim used a.s gard-ruil.N. The standard flangeway 
width extends for one or two feet ea<’h waj from a point opp the 
frog point. The gard-rail ends are preferably planed down to a 
long bevel, to avoid their Iwlng caught by accidentally trailing 
objects; or the web. near the end, may be removed, and the head 
bent down to the desired slope. In main track, the gard-rails are 
from 16 to 18 ft long. 

74. Fantenlngr*. The gard-rails (soraetlraes weakened by the re- 
moval of one flange, t{ 73) have to withstand severe lateral pres- 
sures ; and they are therefore supported, usually by rail-braces, 
secured to the ties on the side opp to the track rail. Or tie-plates, 
extending under both the gard-rail and the main rail, may be used : 
or the gard-rail may be bolted to the track rail, and separated from 
it by filler-blocks, which, near the flaring ends, act also as foot- 
gards. See t[ 75. 

76. Foot Card*. Where the clear space, between adjacent rails, 
is betw 2^ and 5 ins. there is danger that men may have their 
feet caught and held In front of an advancing train. Such points 
are foond at the ends of gard-rails, at the throat and heel of frogs. 
In the flare of wing rails, and in switches. Foot-gards are Intended 
to prevent such accidents. They are required by law in somr 
slate*. They are fovmd of pWces of plank, cut to fit the spaces 
and spiked to the ties ; or of pronerlv shaped wooden or oast Irou 
blocks or steel strips, Imlted to the rail webs; or of steel bars, bent 
into a series of angles, and placed on <*dge 
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Swltckes. 

The Point Switch. 

For the stub switch, see M 96-99. 

For the Wharton switch, see H 119-126. 



FIkh. 19. 


76. Ciencrul. I'^Ks !!♦« and 19h represent, in outline, the princi- 
ple of the point or split switch, now In practically 
main lines. For simplicity, the rail danKcs are ondtted from the 
Figs, and only the rail heads are shown. In each Fig, the switch 
is sliown set for the wheels marked K. it is misplftced for 
the others The load-rails, Lt and L j ihf> 

stock-rails, S and -S'f. are permanently spiked to the ties. ^ lb tm 
main stock-rail (or thru rail), and St Is the turnout stock-rail (w 
knee-rail). At If, the knee-rail, *S'i, is iient to a sharp angle — 
switch angle, s (Fig 21), and sometimes kinkt there, for the recep- 
tion of the toe of the point-rail, />' />', when set for the main 
track, as in Fig 19(t. 



77. The switch or point ralla, p D, p' D\ Pigb 19, are formd 

from ordinary track rails, so planed. Fig 20 (for the taper at the 
point), as to leav the gage side straight ; and they are left straight 
(except for very sharp turnouts, where they are sometimes curvd). 
They remain straight wliile being set for the turnout ; swinging 
about their heels, D, D’, Figs 19. 

78. I.ienp:tli of Point. In ordinary turnouts, on lines where 30 
or 33-ft rails are used In the main track, the switch-rail length (for 
economy In rail-cutting) Is usually 16 ft or 16' 6", or half a rail- 
length ; for high speeds, however, as at end of double track, switch- 
lengths of 20 to 30 ft are used; for yards and branches, 10 or 

58 
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11 ft. In any cuae, the switch lenetb must be at least such that 
the rail joints, at the heels, D and D', Pigs 19, shall not crowd 
the stock-rails. 

See table, Part 2, H 47 


Stoeir fair 



FlS. 21. 


79. The Switch Angle is the angle, 8, Figs 20, 21, between 
the gage sides of the switch-rail and stock-rail. On account of the 

thickness, a 6, Fig 21, of the actual point or toe, the theoretical 
switch-point, or the vertex, v, of this angle is at a distance, — v a. 
from said actual point (See table of split switches, 7 94.) Actual 
switch-point thickness, ah, — v a tan ». 



^ 


V w 

t P 

rail 

i 

pLu 

rail 





Fla. 

22 



80. Details of Ileiilgn. Fig 22. To protect the thin porliui) 
of each switch-rail, near the toe, the top of that portion is planed 
down to about % Inch below the top of the adjacent stock-rail, at 
p; but, from p, the switch-rail top rises uniformly, in a varying 
distance, pu (see table 11 b4), until, at u. the top of the switch- 
rail is about % inch higher than that of the adjacent stock-rail, in 
order that the “false flange” of a gutterd wheel, Fig 23, may not 
foul the stock-rail, or wedge the two rails smart by dropping Into 
the narrow space between them. From u. Fig 22, the top of the 
switch-rail maintains this superelevation for several feet, as to v, 
and then declines until the tops of the two rails are at the same 
level, as at to. Sometimes (for the same purpose) instead of thus 
raUing the switch-rail, at u, the afooit-rall is planed down to bring 
its top below that of the switch-rail. 



FIk. 23. 


SV. Pvoteetlo* and Rclntarcement. To avoid danger of strik- 
ing the open points, the tlvroio, at p, Fig 19tt; p*, Fig 19b. is 
made greater than would be necesstry for merely pissing the wheel 
flsnges. The Am By Bngng Assn, (see f 94, below) specifies 5 ins. 



SWITCH DETAILS. 


837 


H2. Except iQ yarda and for alow traflBc, the point-rails are reln- 
lorced, at leaRt thruout the planed portion, usually by a pair of 
strap pieces, from to % inch thick, and wide enough to fill the 
space hetw head and flange, riveted or bolted one on each side of 
the rail web. An angle-bar or a channel-bar Is sometimes substi- 
tuted for one of the strap pieces. 

SS. In the ‘'channcV* switch^ a piece of light T-rail, of proper 
length, is bolted alongside of the point-rail, from which it is held 
al>out 6" dist by two or three separators, placed at intervals. The 
resulting rigidity tends to prevent wrongly locking the switch when 
an accidental obstruction separates the two rails w'hich should b» 
brought together. See H 48, under Signals, p 981), 

84. Figs 19. Stop^blocks, b, or stop-lugs, are short metal blocks, 
bolted to the w-eb of either the point-rail (Fig 19a) or the stock- 
rail (Fig 19b) at suitable intervals, at points where the two rails . 
themselvs never come into contact. Their thickness is such as to 
afford a bearing betw either point-rail and the adjacent stock-rail, 
when these are at their nearest. They thus brace the point-rail 
against the stock-rail, enaldlng it better to resist the lateral pres- 
sure of passing wheels, w'hich (owing to centrifugal force) is espe- 
cially heavy on curvs. Usually, one, two or three such blocks are 
placed on each side of each switch. 

85. Steel Slide Plntes, R to 8 ins wide, and spiked to the ties, 
extend under both the switch-rail and the stock-rail, betw toe <rf 
switch and the point where the flanges of the switch-rail and the 
stock-rail separate. There ai-e usually 6 to 8 such plates on each 
side of the switch. They serv the double purpose of guiding the 
switch-rail to its seat on the base of the stock-rail, and (by means 
of a raisd seat on which the swltcii-rail rests and slides) of ele- 
vating the switch-rail above the stock-rail, as mentioned in 1180. 
They are generally made to receiv rail-braccs to reinforce the stock- 
rail on the outside. 

86. Gaare Plate. In place of the two slide-plates, next to the 
toe, a single long plate, extending entirely across the track, and 
called a gage-plate, is sometimes used. It acts not only as a slide- 
plate, but also to hold the stock-rails to gage, by means of lugs 
attached to it. 

87. Tie Rods, Switch Rods, Tie Bars, Bridle Rods. Figs 19. 
The two point-rails are connected, as indicated, by means of tie 
rods (switch rods, tie bars, bridle rods), r, r', fastend preferably 
to the webs of the polnt-rallK, usually by hinged connections, to 
facilitate tlie change of angle Involvd In the throwing of the 
switch. 

88. The tie rods are sometimes made adjustable in length, In or- 
- (ier to correct for wear and for accidental shifting of one or oif 

both switch- rails. 

89. Number used On main lines, the tie rods are usually from 
2 to 5 in number. Their presence interferes with tamping ; but 
when few rods are u.sed, additional reinforcement of the switch- 
rails becomes necessary. 

90. Location. The tie rods are, placed Iw'low the levels of the tie 
tops, to avoid their being hit by wheels of cars, or dragd by parts 
of tbe rolling stock which may accidentally become partially de- 
tacht. 

91 . Cross-section. In point switches, the tie rods are usually 
flat, and are placed either vertically edgewise (in which position 
they resist canting of the point rails), or horizontally. 

92 . Figs 19. The tie rod, nearest to the toe is called the 
head rodl or No 1 rod. At each end, it extends under the stock- 
rail, In ot^r to prevent the toe end of the switch from rising out 
of olace. At one of Its ends it is jointed to the connecting rod 
(usually 1 to ins round or sauare) leading to the switch stand. 
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93. Speciflcations Required. In ordering point swltcheti 
specify gage of track ; switch-rail length : switch throw, measd hi 
head rod ; rail section ; drilling for rail Joints ; switch angle ; and 
heel spread. 



94. Switch apeclflcation, Am Ry Rukuk Aasn, Manual, 1915, 
pp 178-9. 

Switch throw, .1 ins at center line of No 1 rod, r'. Figs 19. 

Heel upread, at D and at /)', Figs 19, C.25 ins betw gage Hues cf 
stock-rail and switch-rail. 


Frog number, Switch length p u 

* > I ~ pi) 

Limitations Recommended Figs 19 Pig 22 


V a 

Pig 21 


>6 . . 

> fi >10 s 

>10 >14 11 

> 14 1C 


11 ft Oius 
Ifl ft Clns 
22 ft 01ns 
33 ft Gins 


5 ft 

5.50 Inr 

7 ft 

8.25 ins 

Oft 

11.00 ins 

12 ft 

16.50 ins 


Reinforcing hors, %" thick; height to fill space betw head and 
flange ; length as ^eat as heel connections permit. 

Two non-adJuHtable Hwitch rodft. %" X placed horizontally ; 

20" apart, cen to cen. (’en of head-rod 12" back from switch-toe. 

On each tie, two shde-plates, %" X 7", planed down to recelr 
stock-rail and braces. 

95. A three-throw switch, Fig 3, consists virtually of two 
separate point switches ; and, in fact, these are sometimes so 
arranged, the points of the two pairs of switch-rails being placed 
about a switch-rail length apart, or in “tandem ’’ 

Stub Switches. 



Flif. 24. 


M. Fig 24. The stub switch (still used in subordinate locations, 
aa in turnouts from branch lines) is simple in construction, and 
cheap in first cost, but expensiv in operation and maintenance. To 
avoid possibility of binding in hot weather, a considerable apace 
must be left betw the toes, 1 1, and the ends of the adjacent track 
rails, and this subjects the rail-ends to serious blows from passing 
wheels. 8uch blows are injurious both to the rail-ends and to roll- 
ing- .stock. 
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97. Danger. A lateral shifting, of either the toe or the adjacent 
rail-end, relativly to the other, causes a shoulder, called “Up", 
which may become very dangerous. But the most serious objec- 
tion to me unprotected stnh switch is the inevitable derailment of 
trailing cars when the switch is wrongly set. 

98. Lenath. Stub-switch rails are usually full-length track 
rails, ao or 33 ft long. Of this length, 4 or 5 ft, next to the heels, 
are spiked to the ties, leaving tlie remainder free to spring to a 
curv when thrown for the turnout. 

99. The throw, or dist thru which the toes move, must be at 
least equal to the rail-head width (usually 2 to 2.5 ins) Plus f 
width (1.7") to 2.5 ins) sufficient to pass the wheel flanges. Usu- 
ally the throw is made from 5 to 5.5 ins 


Switch StandH. 

100. The lever, by means of which (thru the connecting rod) the 
switch is thrown, is lioused in a “stand." The arrangements vary 
ereatly. The lever may rotate in a vert or in a hor plane. If m 
a vert plane, this plane may be either P^^p to. or parallel with 
the track ; the movement of the lever, in the latter case, i>emg 
transmitted to the connecting rod by means of gearing or a bell 
crank. 




101. Ground or Tumbling Lever. Figs 25 and 26 show the 
“ground lever** or “tumbling lever" stand. In Fig 25, the lever 
moves thru an arc of a little more than 180®, In a vert plane, 
either perp to, or parallel with, the track : so that, when the lever 
Is at rest, its joint, a, with the connecting rod, Is a little below 
the fulcrum, /, al>out which the lever Itself revolve, or below dead 
center; so that the switch cannot be thrown by the lateral pres- 
sure of wheels pushing thru It. In Fig 26, the free end of the lever 
is weighted, and the joint, a, when the lever Is at rest. Is ohovc 
dead center. This i»ermlts the automatic throwing of a misplaced 
switch by trailing wheels. See II 57. 
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102. Revolving Stand. Fig 27 shows 
one of many forms of revolving stand. 
The lever Is usually hinged, so us 
to hung vertically, and out of the way 
(as shown), when not actually in use 
for throwing the switch. The notches, 
at a, b and </, hold it in its three posi 
tlons, respectivly. The crank, c, is usu 
ally formd, as shown, by bending the 
shaft, «; and the pin, p, to which the 
connecting rod is attacht, is formd by 
bending (up or down) the eed of tlie 
crank. 

103. Fig If. in a revolving stand, 

the crank-pin is moved bO" from a to h, 
or rice reraa, the lateral movement 
( = a* b' — b' a') ot the switch rail, is 
greater than that (- />' o') which 

occurs when the crank-pin i.s moved b(>“ 
from b to c, or rice versa. This may be 
rectified by setting tlie stand slightly 
askew, as indicated by the dotted lines : 
for this shifts b' materially toward 

while a' and c' are but very 
slightly shifted. Or, Fig 2Hb, the 
stand may be .so set that the line u U, 
normal to the switch-rod, bisects 
the 90" throw of the crank, but this 
arrangement does not bring tin' 
crank to dead center in either 
position. For a given switch-rail 
throw, and given crank-throw angle. 
Fig 28a requires a longer crank than 
K’lg 28b. 
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104. LoekM. To prevent tampering witli Ihe switch, the lever 
Is usually provided with a padlock and staples: but stands with 
self-containd and more elaborate locks have been used. See also 
end of H 58, Signals, pp 990 and 991. 

105. A tariret, at the top of a vertical shaft and operated 
simultaneously with the switch, Indicates how the switch Is set. 
The target may be a single disc, showing the switch-setting by Its 
position (edgwlse or flatwise to an approaching train) ; or It may 
have two discs, set at right angles, and differing In shape, In color 
oc in both. See also Signals, H 14, p 984. 

106. Low. Pony, Intermediate or IIlKh Stands are those in 
which the top of the target is > 2 ft. 2 to 4 ft, 6 to 8 ft, or about 
18 ft above ground, respectivly. Intermediate stands are In general 
use; low and pony stands are used betw neighboring tracks, ^(1 
high stands where the target of a lower stand would be hidden 
by Intervening objects. 

107. Lamps. For switches which are to la* used at night, tin* 
stand carries also a lamp, showing colors corfespemding to thow 
uw-d on th<' target .See Signals, p9«4 Kerosene lamps are \u 
general use: but. in large yards, incandescent electric lights are 
often used. 
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Automatic SwItchcM. 

108. Automatic switches are those In which the connections 
with the stand an* such as to permit the passage of a trailing car 
when the switch is wrongly set for it. 

100. Figs 19a, 196. The flange of a trailing wheel, n, on the 
stock-rail, crowding Into the narrowing space betw it and the ad- 
jacent switch-rail, will (if not prevented) throw the latter over, 
away from the stock-rail, thus providing, for wheel n, a flaugeway 
betw those two rails ; the other switch-rail being simultaneously 
thrown over against the opposlt stock-rail, or into proper position 
for the mate wheel, n'. 

110. A “act-over” automatic switch is one in which the point- 
rails, when automatically thrown, as in il 199, carry over the switch 
lever, and remain in the new position. 

111. In the “lly-back” automatic switch, the switch lever is 
not lhr(»wn when a trailing car passes a mis-set switch. The 
switch-rails are only temporarily pusht aside, and, after the pas- 
sage of each pair of wheels, are rcturnd to their former positions 
by means of a spring in the head-rod connection, in the connecting 
rod, or In the stand. The stand throw is made a little greater 
than the switch throw, in order to take up lost motion. 



112. Objectiontt. Uotii forms are open to the objection that the 
throwing of the switch takes place while part of the moving load 
is bearing upon one of the relativly slender switch-rails, which 
must therefore slide while loaded. 

113. liorena nprlng. Fig 29 shows, in principle, the Lorenz 
spring, much used In “fly-back" automatic switches. The spring, 
S, is sometimes placed outside of the track. 

114. The repeated 6lotr« of the switch-rails against the stock- 
rails in automatic switches are injurious, especially to the slender 
switch-rails; and permanent compression of the spring, resulting 
from long service, may leave a switch-rail (after the lever is 
thrown) Tmpropt‘rly out of contact with Its stock-rail, endangering 
facing wheels. 

115. The spring also may permit the lever to be forced home, 
even when ice, a small stone, or other obstruction, lodged betw a 
switch-rail and a stock-rail, prevents complete setting of the switch. 

lie. Automatic A IVon-Automatlc. Frequently the rod, pass- 
ing thru the coll spring, Is provided with two adjustable sleevs, by 
means of whicli the switch may be arranged, at pleasure, in either 
one of several ways. According to this arrangement (o, 6, c, etc), 
a trailing car, coming to a misplaced switch may pass it freely If 
coming either 

(а) from the main line; 

(б) from the turnout ; 

(c) from either the main line or the turnout; 
or the sleevs may be so adjusted as to prevent the spring from 
acting; the switch thus being renderd non-aiitomatlc, so timt a 
trailing car, whether coming from the main line or from the turn- 
out, cannot freely pass the switch If the latter is misplaced. 
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117. Tho use of automatic and of non-automatic (“rigid”) 
switch stands, compared as follows : — 

In 190(1, 24 roads used automatic, and 23 roads used rigid stands ; 
In 1908, 23 roads used automatic, and 29 roads used rigid stands 
Eng News, 1908 June 4. 

118. Specifications Required. In ordering switch-stands', spe- 
cify switch tlirow at point of connection, size of head rod and 
whether vert or hor, diam of hole in head rod, length and dlam of 
connecting rod. style of target and its height above t^e ties, and 
dimension of lantern tip on shaft. 



Wharton Switch. 

119. Figs 30a and b. We omit the rail flakes, showing only the 
rail heads. Moving rails are shown whxte. Wheels, for which the 
switch is properly set, are markt “0. K.” Fig 30o shows the 
switch set lor the main line ; t'lg 30b shows it set for the turnout 

lao. A y and B Z are the main-track rails. They are continuous 
(except, of course, that R Z is broken at the frog, beyond the Fig), 
and are spiked to the ties thruout They are not moved or broken 
is the working of the switch, p D and p' D' are the switch-raila. 

121. The Switch-rail, p'Z)' (the “elevated rail"), Is blunt 
ended. At its toe, p', its top is level with that of B Z; but, at u. 
4 or 5 ft back from the toe, its top is about 2" higher than that oi 
B Z. This enables the flange of wheel m, in passing to or from 
the turnout. Fig 30b, to clear the main rail, B Z. p' D* retaini 
this elevation from u to its heel, /)'. Beyond D’, the turnout rail, 
continuous with p' D^ slopes downward until its top is at the 
normal level. The “point-rail,” f> D. is elevated also, to preveni 
the lateral rocking of rolling stock which would otherwise result 
from the elevation of p' D'. 

122. The reinforcing or <<polnt” irnrd-rall, g', l.s bolted to, and 
separated from, the point-rail, p />, and moves with it. Flange- 
way is left betw their heads. In Fig 30b, by confining the flangf 
of wheel tn', g* holds the flange of wheel m clear of the head oi 
rail B Z, in coming down the Incline, u p\ 
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123. In FIs 30& the point, p, tits close against the head of the 
main rail, AY ; so that the flange of wheel w', moving in either 
direction, clears the point, p; and the flxt gard-rail, g, confining 
the flange of m, holds w' away from A Y, thus affording additional 
protection to the point, p. 

124. Elarly pntternn were provided with special attachments, 

designed to receiv, from the turnout, a trailing car when the switch 
was set for the main line, and to guide it safely on to the main 
track ; hut this device has been abandoned, on the ground that its 
cost and complication are not warranted by the probability, under 
proper management, of such misplacement. 

125. Trnlllne. Fig If a trailing car moves along the main 

track while the switch is set for the turnout, the flange of its 
first wheel, n, pushes aside p" (compare Fig 30a) which, pulling 
the rod, r. throws the switch into the proper position for the main 
track, as in B^g 30a. « 

126. GaKe. For proper working of the Wharton switch, the 
main-track gage, at the switch, is made half-inch wider than the 
standard gage. 

ComputatloDK. 

127. Many of the approximations, permissible in computing 
turnouts of small angle, such as are usual on steam lines, are in- 
adniissllile in stn‘et railway turnouts and crossings, where the lay- 
outs are fretiuently very complex. Hence, the design of such work 
is preferably entrusted to mfrs who specialize in it. 

Ties. 

128. Turnout Ties, for standard gage, vary, in length, betw that 
of an ordinary tie (.say S.t'jfl) and 24 ft. One or two ties, 12 to 16 
It long uciording to the style of switch stand, are used at the toes 
of split and of stub switches as a seat for the stand, and are called 
llend-RloekH. The set of ties should extend, i)eyond the frog, to 
a point wber(‘ the ends of the ties of the two tracks do not inter- 
fere. Ties 7X9 ins are commonly used, except under the frog, 
where 7 X 10 ins ties are used, to rfve greater bearing area, and 
strenijtb to resist the shocks of wheels passing over the frog. They 
are gtuicrally orderd in lengths varying by 6 ins. For ties in gen- 
eral, soe under Track, p 784, etc. 

Switch Ties. 

129. niKCNt of Am Ry RnfirnK Anun Specifleattons. Manual 

1015, following p 176. 

All 7" X 9". 


Tvengths for 8' 6" track-tios. For 8" 0" track ties, the swltch-tle 
lengths are in general 6 ins leas than here given. 


I.ength, ins 

180* 108 114 120 126 132 138 144 150 156 

Frog No 8, 
Frog No 11, 
Frog No 16, 

Number of switch-ties, beginning at switch-point 
2875433338 

2 12 10 8555334 

2 20 14 10 9 6 6 5 5 5 

Ijength, ins 

(Table concluded) 

162 168 174 180 186 192 198 Total 

Frog No 8, 
Frog Noll, 
Frog J^o 16, ' 



*Elach turnout has two head-blocks, 7" X d*, 15 ft long. 
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130. Tie Spacing, for turnouts. Beginning at switch-point. 

Center to center. For use with 8' 0" track-ties. 
Ties 7" X 9". 


Frog No 8 -< 

” Number of ties, 
Space, ins 
, Total, ins 

54 18 37966 

20 21 20 19 20 18 19 20 
100 84 360 57140162114 100 

M 

Frog No 11 -< 

" Number of ties. 
Space, ins 

L Total, ins 


77 

126' 3" 

Prog No 16-j 

f Number of ties, 

Space, Ins 

L Total, ins 

18 19 4 16 4 20 15 18 

19 20 19 20 19 20 19 20 
342 380 76 320 76 400 285.360 

114 

186' 7" 


Timber BIIIk. 


The following are typical timber bills for double (three-way) 
turnouts and for crossovers. 


131. For Double Turnoutw. Two headblocks 7" X 10", 16' 
long. Ties under frogs spaced 23". • Other ties spaced 24". 


Length, ins. 

108 114 120 126 182 138 144 150 156 162 

Prog No 6, 
Frog No 8, 
Frog No 10, 

Number of ties, beginning at switch point 

5 4 3 2 2 1 1 1 2* !• 

5 4 4 2 3 2 1 2 1* 1* 

5 4 4 3 3 2 2 2 2* 1* 

Length, ins. 

(Table continued) 

168 174 180 186 192 198 204 210 222 228 

Prog No 6, 
Prog No 8, 
Prog No 10, 

Number of ties, beginning at switch point. 

1* 0 1 1 1 1 1* 1* 1* 1* 

2* 1 1 1 2 1 1* 2* 0 2* 

1* 2 2 2 2 0 2* 2* 0 2* 

Length, ins. 

(Table concluded) 

240 252 264 270 276 288 Total b't B M 




132. For Croaaovera. (13 ft cens). Four headblocks 7" X 10", 
16' long. Ties under frogs spaced 23". Other ties spaced 24". 


Length, ins. 

102 108 114 120 126 1.32 138 

Frog No 6, 
Frog No 8, 
Frog No 10, 

Number of ties, beginning at switch point. 

8 8 6 6 6 4 4 

10 8 8 6 6 6 6 

10 10 10 8 8 8 8 

Length, Ins, 

(Table concluded) 

144 150 156 258 258 Total Ft B M 

Frog No 6, 
Prog No 8, 
Prog No 10, 

Number of ties, beginning at switch point. 

4 2 4* 4* 6 62 4392 

6 6 4* 4* 9 79 6644 

6 6 6* 6* 11 97 6817 


•Frog ties, 7" X 10". Other ties, J'* X 9". 
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133. Time reqnlred. When not greatly interrupted by Pasfjp* 
rains, “a good foreman and six fair trackmen can put in either 

stub- or a split-switch turnout in one day of ten hrs, incmding 
lie removal of old track ties and putting in switch ties. Camp, 
lotes on Track, p 

Miacellaneoiui. 

134. To prevent creeping; of the point-rails, depradenw 
lly placed upon slot-spiking the four rail-joints at t^ ends^ 

rog, those at the two point-rail heels, and the intermediate joints 
n the lead-rails. Anchoring the switchpoint rails, at their heels, 

0 the neighboring stock-rails, has given trouble by crowding the 

uints out ot line. 

lemovnl of lee and Snow. 

135. Steam Heating;. Where numerous switches are In prox- 
mity, they may be economically kept clear of 

[team pipes, fed from some central source, and laid betw several 
►airs of switch ties near the point, the ballast “S^^fst remov^. 
The pipes are prov/ded with automatic traps, which allow the c<m- 
ienst steam to escape, and thus prevent its freezing In the pipes. 
Jee By Age Gaz, 1910 May 13, p 1199. 

136. Burning Fluid. Turnouts have been cheaply and expMl- 

tlously cleard (and kept clear) of ice and snow, bv f 

luld hydrocarbon (a by-product of the Plntsch S^s plant), appjl^* 
where needed, by means of a safety distributing can, 

The fluid burns, in spite of wind and snow, melting, a^ finally 
jvaporating, the snow. The flame temperature Is not 
Injwre the rails. The fluid costs from 3 to per gallon. Where 
leverai neighboring switches are to be servd, the liquid is stored 
In tanks, and distributed, by gravity or by comprest air, thru 

^ %ee Englueerlug-Coutractiug, 1908, Sep 3, p 151. 

137. To protect owitch rod* from becoming bent Pr broken In 
cases of derailment, a sawd tie may be placed each side of each 
rod, leaving 2.5" clear space, betw ties, for the rod. In cold 
weather, bent rods should be heated before It is attempted to 
straighten them. Ballast should be kept clear of the rods, ana 
well draind in their vicinity, especially in cold weather. 




CROSSINGS 

138. Pig 31 . A crossing consists essentially of four frogs, e, e, 
c and t, and the necessary gard-rails. 

iqn The crossluK ansle, or end-frog; ang;1c. Is the angle, F, 
betw center lines of the two straight crossing tracks. 

140 Where F ~ »0*, the four frogs are all alike. In Fig 81 
the two shtrn ^end” frogs, c. are alike, and similar to turnout 

*polnU"^ formed by the angles in the gard-ralls, carry no wheels. 
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141. Where one or both trackM ore curvd, the frogs hll have 
different angles; and are curvd thruout Crossings of cnrvd tracls 
are best avoided. Problems concerning them are conveniently 
solvd by means of large-scale plottings. 

142. Double-rail CroMsluK. Fig 31. If the middle gard-rails 
are extended, both ways, until they meet opposit the end frogs, 
and are properly Ailed, bolted and connected, the strength and 
durability of the crossing are greatly increast, and it is called a 
“double-rail” crossing. In this case, the end frogs, e, (as well as 
the middle frogs, c), are “double-pointed” (U 140). 

143. An eaaer rail (H 52), to carry “false-flanges”, is sometimes 
bolted outside the running rail. 

144. When P exceeds say 35®, the webs of both of the main, 
gard and easer-ralls of one of the two tracks, sometimes run thru 
the crossing uncut; Ibe Aangoways, for wheels on the other track, 
being cut thru the heads only of these rails. 

145. When P In betw 15® and 40®, the four frogs usually meet 
directly ; but in small-angle crossings, to avoid handling long frogs, 
pieces of rail are laid betw the ends of the frog rails, as in Fig 31. 
For convenience in shipping and handling, crossings are made with 
as few held joints as possible. 

146. When F Im Ichk than say 10®, Fig 31, the middle frog 
points are nearly opp each other on tdther one of the two tracks, 
and cannot be properly garded. Thus, wheels ni and w' might 
leav their proper track, .4 B, at the middle frogs, and take track 
CD; or wheels n and n' might leav track D C, and take track BA, 



Pig;. 32. 


In such cases (Fig 32) the middle gard-ralle aj^e^lspenst with, and 
a “movable point center frog", consisting of two pairs of short 
point switch-rails, facing each other, is used. These switches are, 
as required, seated against one of the two bent stock-rails, as 
shown. They may be operated by an automatic switch-stand, m 
that, if a train approaches a wrongly set crossing, the forward 
wheels force open the trailing switch-rails, and automatically throw 
the facing switch-rails into proper position. 



Pig. 33. 


147. Slip-Switch or Combination Croitsing. Fig 33. At a 

small-angle crossing, traffic may be intentionally diverted from one 
track to another by means of a sltp-switch or “combination cross- 
ing”, consisting of an arrangement of switch and connecting rails 
in addition to a regular crossing, all placed betw the two end 
frogs, 6, Fig 33 shows a double slip-switch. In a single slip- 
switch, the switches and connecting rails are provided on one side 
only. 

148. The sllp-Bwitcli is especially useful for connecting a Iciwfcr 
(see II 126) with the parallel tracks which It crosses. Such a com- 
bination saves much room, lengthwise*, and glvs a straight line, as 
compared with a series of separate crossovers. 
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148. Movable-point ccnier-frogH may be used, as In Fig 38, in 
slip-switches ; but ordinary rigid muddle frogs are used instead, 
both with single and with double slip-switches, except where the 
angle is so small that the wings of the frogs interfere with the 
curvd rails connecting the switch-rails. 

150. Switch levers. These crossings may be operated by an 
ordinary switch-stand for each pair of switch-rails and one for 
the movable-point center-frogs, if such are used ; or all the switches 
may be connected by a system of rods and cranks, and operated 
from a single stand, while the movable point-frogs are operated 
from another stand. Or the switch-points and movable frog-points 
may be so arranged that they operate together. 

151. Contfnuons Rail Crosstnars* In crossings of very law 
angle, the wheels, in crossing the flangeways, drop into them, de- 
livering severe blows to rolling stock and to track ; and devices 
have been constructed which afford continuous rails at such cross- 
ings, by means of a short section of rail, or its equivalent, which, 
thru an interlocking system, can be placed temporarily in line 
with the rail to be used. 

152. Ties. Crossing ties, extending under both tracks, ftre 
usually laid at right angles to the long diagonal of the diamond 
formed by the crossing rails : sometimes at right angles with the 
line carrying the heavier traffic; and sometimes ordinary-length 
ties are used, at right angles with each track. For ties, see H 128. 

153. Specif! cations Reanired. In ordering crossings, spedfy 

type of construction ; crossing angle, F, Fig 31 ; track gage ; dis- 
tance. cen to cen, betw parallel tracks, if there Is more than one; 
rail section ; lengths of arms of frogs ; and bolt-hole spacing re- 
quired in ends of arms to suit rail joints in use. 
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TURNOUTS AND CROSSINGS 

PART II. THEORY 

(;eometr 7 of TurnoutH. 

For Construction of Turnouts, see Tart I, p822. 

1. Accuracy. Scrupulous accuracy is not necessary in the 
measurements of turnouts. A deviation of several per cent, in 
leiiath of lead or of turnout radius, from the theoretical value, 
will seldom be noticeable. The traind eye of an expert trackman 
or a large-scale drawing, may secure as good resmlt;^ as careful 
calculation. Nevertheless, the engineer should be informd as to the 
broader features of the geometry of turnouts. We therefore give, 
ladow, equations <both exact and approximate) covering the simp- 
n*r cases. 



Flif. 1. 


Fros angle and frog number. 

For description of frog, see Part I, II 40, etc. 

2. Frog Angle. Figs 1 and 2. The theoretical frog point, P, Is 
the intersection of the two gage-lines bounding the frog-tongue. 
The frog angle, F, is the angle, at the theoretical frog-point, betw 

Figs 1 and 2. The frog angle, F, depends 
upon the sharpness-difference (H 29) betw the turnout curv and the 
main-line curv (if any) and upon the track-ga^. 

4. How ewprcBt. Fig 2. The frog angle is usually exprest by 
means of the ratio, k/i, betw the length, * (not shown), of any 
oortlon of the frog, and the increase, i (not shown), of the frog 
width within that portion. Tliis is also the ratio betw any given 
portion, (w or «, beginning at P, s^ below) of the frog len^h, 
and the corresponding spread, h. This ratio is called the frog 
number, A. 

6. Fros Number. N is detennind in two diff ways, viz: — 


2F = cot(F/2*) 


2U = cosec (F/2) 




<L The Am Rv Enong Assn makes N = m/h = %cot(F/2), 
as^n 2a (Be? valuCT of f. In table Manual 1015, P 1S4) ( b>{t 
railroad companies and mfrs are divided as to their practice in this 


FROG ANGLES. 


849 


respect; many preferring the second formula, V = 8/h, Fig 2b, 
because the frog length is customarily and more satisfactorily 
measd along a gage-line, 8, than along the center line, m. More- 
over, the length, so measd, is usually in even figures of ft and Ins; 
and hence the spread is easily found by mentally dividing said 
lengtli by the frog number. 
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8. To determln the number of an actual frog, Fig 3 ; find any 
part of the Irog, where the dist, h or t, betw yupe Tints (H ^ is 
unity (say 1 ft, or the length of a pencil or pocket-knife). Then 
N = dist, hP or tP, from that part to the theoretical frog- 

f >oint, P (see H 2) measui'ed in the same unit, along the center- 
Ine, Af, or along a gage-line, 8, according to the definition of N 
adopted (see i] 6). Or (since the theoretical frog-point, P, is not 
easily located) measure both widths, h and * (betw gage-lines), at 
any two convenient points in opp directions from the frog-point, 
and the dist, M or 8^ betw said points. Then, 

JIf 8 

2i = or . See H 5 

h \- t h -f- t 



Fie. 3. 


1®. Actual Frog-Point. Fig 1. In practice, the tongue ends 
at the “actual frog-point” (or “half-inch point”), where the tongue 
is about wide ; leaving a small isosceles triangle betw the 
actual and theoretical points. (See i[ 2). The length of this tri- 
angle, or the dist betw the theoretical and actual frog-points, is 
the product of the actual frog-point width by the frog number. 2v. 



11. 'When anffle ta small. As an angle, A, approaches zero, as 
a limit, the values of A X cot A ( = A/tan A) and of A X esc A 
( =: A/sin A) approach unity, A being exprest In radians of 
67.295 779”. (U 2, p 97). Hence, the same values, exprest in degrees, 
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approach, as a limit, 57.205 779* (log = 1.75S 1226) ; and. in small 
angles, we have approx : — 

for A in degrees, A“ = 57.3®/cotA = 57.3 sin A; 

F - 2 X 57.3/cot (F/2) - 2 X 57.3 sin(F/2) - 57.3AV. 

For A In minutes. A' 3438VcotA = 3438 sin A. . (3) 


STUB SWITCHES 

Circular turnout curv from tangent 


General. 

12. Fig 4. l/'t the lead curv, A P, of tlie gage side of the outer 
turnout rail be a simple circular curv, from the beginning, A, of the 
turnout, to the theoretical frog point, P; said curv being tangential 
to A y and to P y, at A and P, respectivlv. This condition Is 
seldom perlectly realized in practice ; but it is approximately real- 
ized, even in point-switches, fl 35, and it givs equations wliich, on 
account of tlieir simplicity, arc sometimes used, not only for stub- 
switch turnouts, but also (as being sufficiently approx) for Peint- 
switch turnouts. They are therefore given below, altho the stub- 
switch is now used oniy in subordinate locations. 

13. Equations. Fig 4. Stub-switch turnout from tangent. Let 
: truck gage ; 

: turnout center-line radius ; 

: turnout curv sharpness ; 

: turnout sweep, from switch- 
heel, A, to frog-point, P; 


G z= AB 
r = 0 a 

zz OB 


= OA - G/2 
+ 0/2 


D 

A 


A = 

y Fp 


BPV 
- AOP 


frog angle ; 


N = 


m/K Fig 2, 

i/j cot (P/2) (See 11 5) 


P P 
A P 


frog number; 
lead — frog distance; 
outer-rail gage-side chord ; 
middle ordinate for C; 
quarter-point ord for (7; 
perp offsets from tangent to 
quarter-points of arc, A P; 
abscissas for offsets, v; 
switch angle ; 
switch length ; 
switch throw. 

A. 

Functions of F and of (P/2). 

L 

' tim V — , 

r - (Gf/ 2 ) 


= approx D L/lOO ( 4 ) 


L 

G 

M 

Q 

Vi (not shown), 1/2, 1/3. 1/4 

a?a (not shown), (Ds, 013, x^ 

s (Pig 10) 

I 

t 

14 . Pros angrle, F, = turnout sweep, 


Sin P - 

r -f (G/2) ’ 

tan P 

cos F = 

sInP r 

- (G/2) 

tan P r 

+ (G/2) 

vers F — 

0 

F = 

r + (G/2) ' 


•This Is also the number of degrees in the angle ( = 1 radian) 
whose are = radius, and is also the length of the radius of a curv 
in which an angle of 1 “ is covered by an arc whose length is unity. 


32 
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For functions of F in terms of N, see H 8. 

Cot (F/2) = L/a = 2N = r/ON; 

ran{V/2) = G/L = 1/(2 A) = QN/t 

15 . Fros number, N. 

cot (F/2) L r I r 

= ■ — — = 75 = 1 = \To 


= approx 1/(2 “ylOt) = approx 5730 “/jD“ L (6) 

16. Turnout center-line radius, r. 

r = L/slnF — G/2 = L/tanF + 0/2 = O/versF — 0/2 

cot* (F/2) ny 

ss Q L-L-l— = ON cot (F/2) = 

2 tan (F/2) 

r= 2N‘0 = LV2 O = N L = approx IV2 1 (7) 

17. Turnout center-line sharpness, I). 

Sin(/>/2) = 50/r = 25/A"» 0 . 

100 F 100 F 57.3* 100 

n rr approx = approx . 

arc, a p, ft L,ft N 2NG 

2865" 608“ 

rr approx = approx — ; — for 0 = 4 ft 8.5 Ins. 


r,£t 

18. Track gaffe, G. 
L 

Q - ; 

cot (F/2) 


\ Sin F / \ tan F / 


19. Lead or frog distance^ L = B P. Fig. 4. 

L =s [r + ((3‘/2)] slnF = [r - (G/2)] tanF = g cot (F/2) 
= 2 ON = r/N z= V2T¥ = 2 r tan (F/2) 

= (approx, in ft) 100 F/D (10) 

20. Long chord, C ( = AP), to gage- side of out er lead-rail. 

0 rr 2 [r + ((7/2)] sin (F/2) rr V(?» -f- L» 

rr GVi + 4 A* rr approx 2 rein (F/2) (11) 

21. Offsets, 7, from gage-side of main-track rail to gage-side of 
outer lead-rail. 


A. Exact values of p. 


imate values when F ; 


((7/2)] vers (F/4) 
(0/2)] vers (F/2) 
(0/2)2 vers (3 F/4) 
(0/2) J versF r= O 


Z= G/16 
= 0/4 
= 9 0/16 


•With smaller valuea of F (greater values of N) the approxt 
matlou tor Vii Vt &iid Va la closer. 
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S82. OrdinateM from long chord, (7 ( = A U) to gage-side of 
outer rail. 

22a. Middle ordinate^ M, 

M = [r + (r7/2)]vers (F/2) 

= approx G/4 = approx 14% ina when f7 = 4 ft 8.5 ins. 

When N = 4 8 1C 

we find Jlf/(0/4) = 1.0039 l.UOlO 1.00U244 (13) 

22b. Quarter-point ordinate, Q. 

Q = V[r + (0/2) ((7/4)*" + if - (0/2) ~ r . , (14) 

[r ■+• (0/2)] sin (772) 
where 0/4 == 

Q = approx .3 0/16 = njjprox 0 1875 0 

= approx 10.6 ins when O = 4 ft 8.5 ins (15) 

When F = 12% (N = 4.76), 

Q 

= 1.0035. 

3 0/10 

With smaller values of F (greater values of N), the approxi- 
mation is closer. 

23. In stub-switch turnouts, the middle and quarter point ordi- 
nates are nearly independent of the froy-angle, F. When 2f = i, 
N = 16, and gage = 4 f t 8.5 Ins the middle ords, to gage side of 
outer rail, compare as follows: 

midord, N = 4 1.18165 ft 

= 1 00363 

mid ord, N = 16 1.17731 ft 

But see H 38. 

24. Switch anKle, a, leni^th, 1, and throw, t. For the relation 

betw these we may take 

t ~ I Bln 8 • (16) 

25. DImensionH. Circular Turnout from Tangent. Fig 4. 
Gage, 4 ft 8.5 ins = 4.70833... ft. 

SwRch-throw = 5.5 Ins = 0.45833... ft. 

N = frog number; C = AP = chord; 

F — frog angle ; L = BP — lead ; 

r r= turnout center-line radius ; I = switch-rail length ; 

D = turnout sharpness ; t = throw. 




— 




n 



RBRSS9 

150.67 

2.17802 



WBma 


5 

ll“25'16'' 

235.42 

2.37184 

24 “32' 

46.83 

47.08 

14.69 1 

6 

9 “31 '38" 

339.00 

2.53020 

16“58' 

56.30 

WsM] 

17.63 1 

7 

mmm 

461.42 

2.66409 

12“27' 

65.75 

65.92 

20.57 1 

8 

7“09'10'" 

602.67 

2.78008 

9“3t' 

76.19 

75.33 


9 


762.75 

2.88238 

7 “31' 

84.62 

84.75 

26.44 

10 

5“43'29" 

941.67 

2.97390 

6“05' 

94.05 

94.17 

29.38 

11 

5“ 12' 18" 

1139.42 

3.05668 




32.32 

12 


1356.00 

3.13226 

4“14' 


113.00 

35.26 

13 

4“24'19" 

1591.42 , 

3.20178 

3 “.36' 

122.33 

122.42 

38.19 

14 

4“05'27" 

1845.67 

3.26615 

3 “06' 

131.75 

131.83 

41.13 

15 

3“49'00" 

2118.75 

3.32608 

2 “42' 

141.17 

141.25 

44.07 

16 ' 

3“34'47'' 


3.38214 

2“ 23' 


150.67 

47.01 
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Turnout from Curv. 

26a. Fig 5f). For stub-switch turnouts from tangents, If 25 gives 
the sharpness, D, the radius, r, and the lead, L, = B P, for frog 
numbers from 4 to 16. The middle ordinate. 


If 


(’ ^ .-) 


vers — , from the chord A P to the turn- 


out frog-rail gage-side, is practically the same for all frog num- 
bers. See 11 2.‘i. 


2eb. But, t'igs 5a and 5c. when a given frog number is used 
in a turnout from a cutvd main track, all these functions (includ- 
ing the ordinates) are affected; and thgir values depend not only 
upon the sharpness. Dm, of the main-track curv, but also upon 
whether the turnout curvs in the same direction with the main- 
track curv. Fig 5a, or in the opposit direction, Fig 5c. 


27. Symbols. Figs 5. Let 


Cot (F/2) 

O = gage ; F = frog angle ; A’ = — — — 
and let other symbols denote as follows : 


= frog number. 



For curvd 

For turnout | 


main track 

Figs 5a, c 

from tang 
Fig 6b 

from curv 
Pigs 5a, c 

Center 

Om 

0 

Or 

Center-line radius ^ 

rm 

r 

fr 

Sharpness 

Dm 

D 

De 

Sweep, from beginning,, a, of 



Ar 

turnout, to frog-point, P, 

Am 


9 

Ordinates, from long chord, A P, 
to turnout frog-rail gage-side 



Me 

Middle-ordinate 

— 

M 

Quarter-point ordinate 


Q 

Qc 

Lead, B P, 


L 

Le 


28. Relation*. Then, comiairing first Fig 5a and then Pig 5o 
with Fig 5l>, we find, for a given frog angle, F : — 

Fig 5a, when the two curvs arc in the same direction, 

Dc > D; rc < r; Lc < L; Me > M. 

EMg 5c, when the two curvs are in opposit directions, 

Do < D; re > r; Le > L; Me < M. 


29. Sharpness Difference. Figs 6. Let the sharpness of the 
main-track curv, M M', be Dm, and let that of the turnout curv, T 
be Dc. (In Fig 6b, Dm = 0.) 
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Then, for their sharpness difference, Da, we have : — 

Dd — Dr ± Dm; plus for Pig 6c; minus for Fig 6a; 

or 

Dr = Dd ± Dm; pins for Fig 6a; minus for Fig 6 c. 

(17) 

If (Fig 7 c) the main track has the sharper curv, or Dm > Dr, 
we hav : Dd { = Do — Dm) negativ, and Do — Dm — Dd. 

Eqs (17), above, are exact, when D ~ sweep per arc unit. See 
rurvs p 878, H 20. 

•30a. Arransementa. Let Figs 7 represent a series of turnouts, 
T (shown dotted) each leaving the main track (shown solid) on 
the right, with constant frog angle, F: and, beginning with Fig 7fl, 
let the main track deflect progressively toward tlie left. \N'e then 
have : — 


Fig 



la ' 

lb ' 

rm = CIO ; ' 

A = F 

rm = rr 

7d ' 

Vr = 00 ; 

Am=^F 

7c 

Cens (and deflec- 
tion from tan- 
gent in our 
Figs) 

Main — , Om 
Turnout — , Or 






right 

0 ! 

left 

left 

left 

right 

right 

right 

0 

left 

Turnout leavs 

main track on 

inside 


outside 

outside 

outside 

Frog rail 

Main — , BF 
Turnout — , A P 

r— — - — — 1 

inner 


outer 

outer 

outer 

outer 

outer 

outer 


inner 

Radii 

Greater 

Main — , f w 

Turnout — , re 


main 

main 


turnout 

turnout 

inersg 

00 

deersg 

deersg 

deersg 

1 increasing 

00 

deersg 

Sweeps 

Main — , A« 
Turnout — , A® 


deersg | 0 j increasing 

1 decreasing 

1 ® 

1 inersg 
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30b. We see, therefore, that a turnout may be a tangent, Fig Id, 
>r a curv in either din'ction ; and that, if a curv, it may leav 


Fig 7 6, a main-track tangent, as in our preceding articles ; 

Fig 7 c, a main-track curving in the opp dir’n, (cens on opp 
udes of track) ; 

Figs 7 a, c, a main-track curving in the some dir’n, (cens on same 
dde of track). 

30c. When the turnout li» a tangent (Fig 7d), it necessarily 
ieavs the outside of the main-track curv ; and the frog angle, F, is 
then the same ( = turnout sweep. A*") *^8 ^or a turnout (Fig 7 o) 
if radius r = rm. Fig 7 d, leaving a main-track tangent. 


30d. When the two curvs are In opp directlona (Fig 7c), 
(centers, Om and Or, on opp sides of the track), the turnout curv 
also necessarily leavs the outsulc of the main-track curv. 


30e, When the two curvK are In the Marne direction ( hMgs 
7 a, e) (cens, Om and Or, on same side of track) the turnout may 
leav either the inside or the outside of the main-track curv ; but we 
assume (Fig 7 a) that, in this case, unless otherwise specihed or 
oiivlons. the turnout curv has the shorter radius, so that it leavs 
the inside of the main-track curv. 


31a. Eqnattona for turnouts from curvs. For symbols, see U 27. 


For approximate equations, see H 31 h. 


± = F ± A4: ± A^ = ± A«t: 

riin(A»'‘/2) = OA'/rm,- TantAV-M — (JM/rc: (ll>) 

± F 1= Ac ± A? = Vicot(F/2): 


.10 Q -V 

sin(Dr.i/2) tan(A»*/^) 


( 21 ) 


50 GN I G \ *Kin A*" ^ 

fg ~ — = I Vm ± ~ r 

8in(Dc/2) tan(Ac/2) \ 2/ sin A^ 2^^^ 

sia(Dm/2) = 50/rm; 8in(Dr/2) = .50/rc; 

Dd = Or ± Dm;* 

/ Q\* Ac' 

Lc = 2 (rm ± — I ; Me ={rr + — Ivers-;^ ; (24) 

Qc =: -V Me — Rc (.25> 

Where Rc = re (0/2) ; » = A P/4 = % Rc sin(Ao/2) 

31b. Approximate eqoationH. Fig 6. For a circular turnout 
from a curv, the principal functions may be found approximately, 
as below, by comparison with the corresponding functions in a 
turnout from a tangent. 

With given gage, 0, and given frog number, N, let the following 
nomenclature be observd. 


•Plus for curvs in opposit direction ; minus for curvs in same 
direction. 

tPlus for curvs in same direction; minus for curvs in opposit 
direction. 
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In turnout 

In turnout from curv | 


from tangl 

Correct 

Approx 

Cen-line radius 




of main line, 

rm( = 00 ) 

Tm 


of turnout. 

r 

r# 

r<m 

Sharpness 




of main line, 

Dm( =0) 

Dm 


of turnout. 

D 

De 

Dem 

Sharpness'diff, 

Dd{ -D) 

Dd 

(=Dc Dm)* 

Dd* 

Lead, 

L 

Lc 

Ln* 

Ordinate, 




middle — , 
quarter-point — , 

M 


Me* 

Q 

Qc 

Qea 


Then, for a given gage, G, and given frog number, N, we have : — 
Approx ; sec H ;Ue 


Dda ~ D; Dem ~ Dda + Umf i = 50/sin% Dea 

Lo» = L; Mea = M (1± Dm/D)i ; Qo. = (? (1 ± Dm/D)t (26) 


31 c. The following table show's the degree of approximation In 
the approx equations (20), H 31 h 


1 



iBi 


BBHI 



BBHI 

HBBI 

A 

4 

8 

16 

Di/D 

1.0042 

1.0019 

1.0018 

Di/D 

1.0088 

1.0044 

1.00.'>4 

Di/D 

1.0196 

1.0115 

1.0176 

Di/D 

0.99627 

0.99878 

0.99984 

H 

Di/D 

0.98773 

0.99902 

1.0096 



i'c/re* 

0 09243 

0 99G91 

0 OOHOO 

rr/rra 

0.98490 

0.99383 

0.99599 

rr/rea 

1.0038 

1.0015 

1.0010 

rc/re* 

1.0076 

1.0031 

1.0020 



Lc/Tun 
= Lr/L 

0.99916 

0.99909 

0.99883 

L,/Lra 

= Lc/L 

0 99827 
0.99801 
[ 0.99698 

L^/Lra 
= Lr/L 

0.996.37 

0.99534 

1 0.99126 

Lr/Lr„ 

= Li/L 

1.0008 

1.0007 

1.0005 

1 


B 


■ 

w 

Me/Me* 

0.99851 

0.99896 

■ 

Me/Me* 

0.99305 

0.99368 


♦Plus for curvs In opposlt direction ; minus for curvs in same 
direction. 

tPIus for curvs in same direction ; minus for curvs In opposit 
direction. 

tWith Dm = 8“, N = 16, the turnout, from outside of main track 
curv, curve in the same direction , see Fig 7 e; i. e., the two centers 
are on the same Bide of the tracV. Bee il 30 e. 
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Double Turnout from Tangrent. 

From Opposit Sldeo. 

32. Pig 8. In a double stub-switch turnout (see Part I, flO) 
from opposlt sides of a tangent, let the two turnout curvB be of 
equal sharpness; and let 
0 — AB =. gage ; 

F = Fa = Fh = main frog angle ; Fe = crotch frog angle ; 

N = Na = Nh — main frog number ; iV« = crotch frog number ; 

L — A Pa — B Ph — main frog lead ; 

La aP c = crotch frog lead ; 

r = Oa a =: Ob a =1 center-line radius of either turnout curv ; 

R ~ Oa B z= Ob A — Oa Pa — Ob Ph 

= Oa Pc = Ob Pc = r + 0/2 
~ outer-rail gage-side radius of either turnout cur?. 



Plgr. 8. 


Then, 

Fc = 2 Pc Ob a; 


L - 2GN (seen 10) 





0 -f 

_ r 

Or, for Lc, we hare 


tan(Pe/2) 

Lc f K» - {R 

- G/2)^ 

1 R - Q/4 

L ~ \ R* - (R 

- G)* 

\ 2 R - a ■ 


Hence, neglecting Q, we have, approx : — 


( 27 ) 

( 28 ) 


Lc - Vi72 L = 0.707 L =_y2GN; 

L - Lc = approx (1 - Vi/L’) L = say 0.203 L; 

[>r, practically, Le = 0.7 L; and L — La ~ 0.3 L; (29) 

_ cot(Pc/2) Lc 

2 ~ 2[(} ^ (0/2)W 


Lc 0 N 


2 0 


0.707 N 


( 80 ) 
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ITrom Same Side. 

33. Fig 0. Two stub-switch turnouts, Tn and Th^ with center- 
line radii, ra and ri», respectivly, from the same side of the tan, M M . 

Let Ra (= 0„ \ = rn + G/2) = 2 Rh - 2 {Ob A i 

= 2 {n + G/2). 

Thou, since Oi Ph — ObOa, we have: 

Fa — Fh — F — main-frog angle ; 

Na 7 = ^b — y — “ number; (31) 

and the two rnain-frog points, Pa and Pb, are opposit, on track, Ta. 

Let Da and Db b(‘ the center-line sharpnesses of curvs, Ta and 
Tb, respectivly. 



Then, approx : — 

Db - 2 Da; 

YersFc =■ Q/Rt = 2G/Ra; 

L - B Pa — lead - i?« sin Fa = 2GX; 

Lo z= B Pr = crotch-lead = Rh sin Fe = 2 G AV = Vo.5 L 

- VJ GN; 

Lc cot (Fr/2) 

yr r-- = 0.707 A' (32) 

2 G 2 


Double TurnoutM fi’Oin riir\. 

34. In double turnouts from the same side or from opp sides of a 
curvd main track of moderate sharpness, t)ie dimensions are practi- 
cally the vsame as for similar turnouts from straight track, using the 
same frog angles. If the main-track curvature is sharp, the prob- 
lem may be solvd graphically. 
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POINT SWITCHES 
Turnout from Tangent. 

35. Nomenclature. Fig 10. Point-switch turnout from tangent. 
Compare Am Ry Rugng Assn, Manual, 1015, pp 182-3. 


BPE = tOE 
V2 C0t(F/2) 

DE 

BP 

DV - VE 
TAD 


w,y, = ti,tk 


track gage ; 

outer-rail gage-side radius of turn- 
out curv, D E ; 

ccn-llne rad of turnout curv, DE: 
sharpness of turnout curv, DE: 
sweep of turnout curv, D E, botw 
switch-heel and frog-toe; 
middle ordinate from chord, D E, lo 
outer-rail gage-side ; 
frog angle ; 
frog number ; 

long chord of outer-rail gage-side ; 
lead, from actual switch-point to 
theoret frog-point ; 
semitangent of turnout curv ; 
switch angle : 
switch length ; 

switch-heel distance, or spread, betw 

gage-lines, at D; 

dist from frog-point to frog-toe ; 

G _ « - WslnF; 
actual switch-point thickness ; 
actual frog-point thickness ; 
co-ordinates of any given point, as 
n, on outer-rail gage-side ; 
sweep of arc, D v. 


36. Equationm for point-switch turnout from tangent. 

Fig 10. Frog angle, F; turnout siceep, switch anglct s. 

F = A + «: d, - F - s: 

» = F - A- mrxH - iS - P)/1; (33) 

Lead, L. 

sin i/a (F - a) F + 8 

L = (I - W) -I- (G - P)cot 

sin V^{F -f 8) - 

— I) CCS R (T W) cos F (34) 

For lead from vertex to theoretical sieiich point, add p cot s. 

For lead to actual frog point, add N t, 1 ~ actual frog-point 
thickness. 

Since T sin s -f T sin F = FCsins + sin F) c, we have; — 

T = /?tan(A/2) “ ' (35) 

sin .s -1- sill F 

Turnout center-line radius, r. 

Since e = D E sin % (F -f «) 

= 2 F sin(A/2) sin % (F -1- «),wehave:— 

n = r 0/1 — r cot (A/2) 

! ; and 

2 sin % (F -f 8) sln(A/2) vosa - cosF 
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= E - 0/2 (36) 

Chord, DE ~ 2R sin(A/2) (37) 

Turnout curv sharpness, D. 

Sin(Z>/2) = 50/ r (38) 

Arc, D E. 

DE =z 2 IT R A7300 = 0.017 4.%3 A” (39) 

Distance, D'E’, from switch-heel, D', to frog-toe, E\ 

D'E' = _ (W -f 1) (40) 


A t 



Co-ordinates, sr -- k n; and y - in. 

9 {=z kn) = [tcoss — Esins] -f E sin (a -f «) ; 

y {= in) = [S + Ecos«] — Ecos(o + «)..(41) 

The quantities in brackets are constant for a given N, I and s. 
The Am Ry Engng Assn, Manual, 1915, p 184, specifies : — 
Switch-point thickness, p, = 0.25 inch = 0.020 833 ... ft ; 

Frog-point thickness, f, = 0.50 inch = 0.041 666. . .h : 

Switch-heel diet, or spread, S, = 6.25 ins = 0.520 833. . .ft 

Middle ordinate, M, to outer-rail gage-side. 

M = R ver8(A/2) 


(42) 
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37. Simple approximate equations, using “switch-number", n. 
Fig 11- (Compare Wellington B. Lee, Eng News, 1898 Apl 21, 
p252.) 

Let 

a = gage; 

W = dist trom frog-toe to frog-point ; 

F = frog angle; 

I = switch length ; 

8 = switch-heel distance ; 

N = frog number ; 

n = 1/S — “switch-number" ; 

e = G - S - WsinF; 

C = chord. D from switch-heel to frog-toe. 



Wig. 11. 

Then : — 

n N 

C approx = 2 c ; (43) 

n -f A’' 

G » N 

R = f -f — ; R approx = C 

'2 n — N 

= outer-rail gage-side radius i44) 

With gage, 0, = 4' 8.5", and S — (>.25", calculation shows ■ 

Izr W= F ~ 8 — R — Eopp It /Rapp 

4 lilt U^l^’O" 2“ 36' 19" 3.25 Ins 1.0024 

16 S3 ft 8 ft 0" 3" 34' 47" 0“ 52' 5" 8.53 ft 0.9958 

Ordinates to chord, C. 

38. Where, as assumed, for the stub switch, in U 12, Figs 4, the 
outer turnout rail forms a continuous circular curv, from beginning, 
A, of turnout to the theoretical frog-point, P, its middle and 
quarter-point ordinates are approximately independent of the frog 
number, N (and hence independent of the radius) ; but, where, as 
in point-switches, Fig 10, the turnout curv is tangential to the 
switch-rail and to the frog-leg, at D and at E, respectivly, the ords 
diminish as the frog-angle, F, diminishes ; and they would become 
zero if the frog-angle, F, became = the switch-angle, a; for the 
turnout-curv would then become a straight line. ‘ 

A / 0 \ A 

= R vers — =. I r + — | vers — . See Eg (42). 

2 1 2 / 2 


Mid ord 
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“Theopetlcar* and “practical** dlmenHions. 

30. To reduce rall-cuttinsr and rail-Trai>te» it is commonly 
found desirable to depart from the “theoretical” dimensions given 
by eqs 34-41, and represented by the solid lines in Figs 12, and 
lo make the straight lead-rail, D' E\ of such length. Dp' E', as to 
permit the eventual utilization of both the pieces into which a rail 
is cut; thus substituting “practical” for the "theoretical” dimen- 
sions. 

40. The cnrvd load-rail, (Dp Ep, Figl2a; Dp" E, Pigl25) may 
then be made of the same number and lengths of pieces with Dp' E'j 
bringing the joints of these two rails opposit, if the length excess 
of the curvd rail may be compensated by laying it with joint-spaces 
wider than those of Dp' E'. But compare tables of theoretical and 
practical dimensions, i[ 47-50. 



Figr. 12. 


41. Dlafcrams. In Pigs 12a, 12b, the “theorctiool” dimensions 
are shown in solid lines; and the ‘^practioaV* dimensions of the 
outer turnout rail are shown In dotted lines. Fig 12o represents 
the case where the “theoretical” lead, L, exceeds the “practical” 
lead, Lj,; and Fig 12b, vice versa, 

42. Change In lead lengrth. Figs 12a, 12b. With a given 

switch-length, I — AD, given switch-angle, » — Y AD, and 
given frog-angle, F, there is but one lead length, L, and but one 
outer-rail gage-side radius, R = 0 D, for a circular arc, D B, 

connecting tangentially the switch-heel, at D, and the frog-toe, at E. 

43. If the lead be shortend (as to Lp, Fig 12a) we must introduce 
an additional “frog tangent”, EEp; whereas, if the lead be lengths 
end (as to Lp, Fig 12b), we must introduce an additional ''switch 
tangent”, Dp Dp". In either case, the radius is shortend, as Indi- 
cated. 


44. New Radius. For the new (diminisht) outer-rail gage-side 
radius, Rp, and for the additional tangents, we have (S, S. Roberts, 
Track Formula and Tables, pp 12-13). 

Fig 12a 

sin F X cot % (F — 9) 

R Rp - (L - Lp) ; 

sin (F - s) 


sin %(F -f s) 

EEp = (L - Lp) 


sin % (F — s) 


(45) 
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Fig ii>i> 

R - Rp 


{Lp 


L) 


sin s X cot Vi {F — «) 
sin(F - 8) 


Dp Dp" 


{Lp 


sin 14 (F \ X) 
sin Vi (F — 8) 


(46) 


45. Co-ordinates. For a given point in the lead curv, 

Let ce = the abscissa (co-ordinate parallel with main track), 
measured from the switch-point, Ap, 

V — the ordinate or oifaot (co-ordinate 7iorma7 to main 
track) measured normally from the tanlgent. 

In Fig lUa, where the theoretical excet'ds the practical lead, the 
co-ords, m and y, to any point in the lead curv, DpEp, are as in 
cq 41, substituting Rp for R; but, in Pig 12b, where the prac- 
tical exceeds the theoretical lead, these co-ords are modified, as 
below, by the introduction of the switch-tangent, Dp Dp". (S. S. 
Roberts; Track Formulae and Tables, pl3.) Here, I = switch- 
length, A 2); 8 = KWitch-hecl spread ; a — switch-angle, F A i) ; 
Ap = turnout sweep from switch-heel to the given point. The 
quantities in brackets [ ] are constant for given I and a. 

9 = [(I + Dp Dp") ®os# — Bp sin 8] -f BpSinlAp + ») 

= (approx) [(I -f DpDp") — Rpslns] -I- R»8in(Ap + «) ; 
y = [iS + Dp Dp" sin 8 + Bp cos#] — i2pCOS(Zip + #)...(47) 


46. FroKs and Switches. Am Ry Fiifcngr Assn, Manual, 1915, 

f )p 184-5. Our Figs 1, 10 and 13. For theoretical and practical 
eads, see M 48-50. 

8 = switch-heel spread = 6.25 ins; 

A' = frog number ; F = frog angle ; 

W = dlst, point to toe of frog, measured parallel with a gage- 

line ; 

K = dist, point to heel of frog; T — frog-toe spread; 
H =z frog-heel spread ; I — switch-rail length ; 

8 = switch angle 


47. Frog and Switch Dimensiona. 
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VK.4 

fti 

K 

ns 

m 

m 

I 

ft ins 

#. 

4 


3 

2 

5 

4 

8 

6 

0.79 

1..32 

11 0 

2 36 19 

5 

11 25 16 

3 

7 

6 

5 

10 

0 

0.71 

1.28 

11 0 

2 36 19 

6 

9 31 38 

4 

0 

7 

0 

11 

0 

0.06 

1.16 

11 0 

2 36 19 

7 


4 

5 

8 

1 

12 

6 

0.63 

1.15 

16 G 

144 11 

8 

IrlwlM 

4 

51 

8 

9 

13 

6 

0.,59 

1.09 

16 6 

14411 

9 

6 21 35 

6 

0 

10 

0 

16 0 

0.67 

1.11 

16 6 

14411 

9% 

6 01 32 

6 

0 

m 

0 

16 

0 

0.63 

■Via 

16 6 

144 11 

10 

5 43 29 

6 

0 

10 

6 

16 

6 

0 GO 

BEl 

16 6 

144 11 

11 

5 12 18 

6 

0 

11 

6 

17 

6 

0.54 


22 0 

118 08 

12 

4 46 19 

6 

5 

12 

1 

18 6 

0..53 

Bml 

22 0 

1 18 08 

15 

3 49 06 

7 

8 

14 10 

22 

6 

0 51 

0.99 

33 0 

0 52 05 

16 

3 34 47 

8 

0 

16 

0 

24 

0 

0.50 

1.00 

33 0 

0 52 05 

18 

3 10 56 


17 

8 

26 

6 

0 49 

0.98 

33 0 

0 52 05 

20 

2 51 51 

9 

8 

19 

4 

29 

0 

0.48 

0.97 

33 0 

0 62 05 

24 

2 23 13 

11 

4 

23 

2 

34 

6 

0.47 

0.97 

33 0 

0 52 05 


“Nos 8, 11 and 16 frogs are recommended as meeting all general 
requirements for yards, main-track switches and Junctions.” Am 
Ry Eng Assn, Manual, 1915, p 168. 


48. Theoretical Leads. For frog and switch dimensions, see 
46, 47. For “practical” leads, see Hjl 49-50. 

Am Ry Bngng Assn, Manual, 1915, p 184. 

Jf = frog numner ; r = center-line radius ; D = sharDness I 
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lead = dist from actual awitch-point to theoret frog-point ; 
straight rail closure, from switch-heel to frog-toe 
L - I -W; 

curvd rail closure, from switch-heel to frog-toe. 



40* Practicnl LcndN. Fig 13. (Am Ry Engng Assn, Manual, 
1915, p 185. Lea (1-curv co-ordinates.) Theoretical leads, H 48. Frog 
and switch dimensions, 46-7. Lead and closure lengths, |1 50. 


N = frog number ; r = center-line radius ; D = sharpness ; 

« and y zz co-ordinates from switch-point to the quarter points and 
center-point on outer-rail gage-side. 




g00 kailroads. 


50. Figs 12. Lniffths of Uoiis amt closures eto. 

(Am iiy Engng Assn, Manuii], 1915, p 183.) 

For “theoretical leads,” .see If 

For frog and switch dimensions, see jfjf 46-7. 

For practical Icdd-curv co-ordinates, see 4J. 
y = frog number; r. = MviUli tangent, npDp" mg 12 1; 

Tf = frog tangent, A Ap, Mg IJ a, 

(See 1143 .) 

L = lead, BP, from actual switch-point to actual frog-point; 

Ijt = closure, for straight rail ; 

Jjc — “ “ carrd “ . ^ , 

(('losure = mil lengths required betw switrh-beel -and irog-toe.) 


jV 

/y 

ft 

ft 

Lc 

ft 

B 

m 

4 

37.94 


one 24 

1.03 

0.00 

5 

42.47 


one 28 

0.00 

0.82 

6 


one 32.73 

one 33 

fiTiTil 

0.66 

7 

62.10 

one 13.89 one 27 

one 14.11 one 27 

0.00 

0.19 

S 

67.98 

one 16.40 one 30 

one 16.60 one 30 

0.30 

nTiTill 

9 

72.28 

one 16.41 one 33 

one 16 50 one 33 

0.00 

0.57 1 

9^ 

75.71 

one 25.82 one 27 

one 26 one 27 

0.76 

|g|T|| 

10 



one 27.17 one 28 



11 


one 32.85 one 33 

two 33 

2.99 


12 


one 23.88 two 24 

three 24 

5.33 

uRj 

15 

133.28 

two 33 one 25.9 

two 33 one 26 

ESP] 

iiiiiii 

16 

137.67 

one 29.90 two 33 


1.66 

0.001 

18 

146.61 

one 25.93 three 26 

four 26 


isiT:a 1 

IFMI 

157.42 

one 26.92 two 27 one 33 

three 27 one 33 

rllri 

iiaiiil 1 

il' 

177.22 

one 32.89 three 33 

four 33 

BEei 

EBI| 



FIs. 14. 


Connectlns Cnrr. 

81. liftteral Turnout. Fig 14. In the “lateral” turnout, let 
d = dist betw cens of tracks ; 3 — G = dist betw gage-lines of inner 
tracks; K = dist from theoret frog-point to frog-heel; re = cen- 
line radius of connecting curv; L' = lead from theoret frog-point 
to end of connecting curv. Then, remembering that 
2N = cot(F/2) = l/tan(F/2), 
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we have 

K + (rc - G/2) tan(if’/2) = (tf - G)/slnF; hence:— 
rc = 2N (d - G)/sinF - 2NK + 0/2; 

L' = (d - 0) cotP + iro - G/2)/2N (48) 

52. Diamond or Eautlateral Turnout. Fig 15. In the “dia- 
mond” or "equilateral” turnout, w'e have ; — 

(compare Tifiteral turnout, ^.51.) 
r = turnout curv cen-line radius, Ot c. 



Wig, 15. 


F - a DB* 

E (= r 4- G/2) = OtD - T*cot = 

4 2 sin 14 (F — s) 

(40) 

L zz (T + 1) X cos(8/2) + (T + W) X COs(F/2) (50) 

Comparison of Dimensions between a diamond turnout and a 
turnout from straight track, with given frog and switch angles. 

With F = 8MN = 7.15) ; 8 = 2“; G = 4' 8.5" 

= 4.70833... ft; t = 16ft; F = 0.5 f t ; W = 5 ft: 



Diamond 

Straight 

Diamd/Strt 

T 

20.1286 

20.1782 

0.9975 

R 

768.6760 

385.0226 

1.9964 

L 

61.1903 

61.0893 

1.0017 


0/2 - 8/2 - WBln(F/2) 

*T = 

sin (8/2) + sin(F/2) 


0/2 - 8/2 - lFsin(F/2) 

D E 2 E 8ln% (F - §) 

•In^4 (F -f 8) 
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S3. Radius and Lead. Fig l.'i. Radius, re, and lead, Le, oi 
connecting curv, p q, for diamond turnout. 

Let 

d — O = dlst bclw gage-sides of inner rails ; 

rc = Ocp = center-line radius of connecting curv, pq; 

K = dist from frog-heel to theoret frog-point, P; 

Lb — P Q — lead, from theoret frog-point to end of connecting 
curv ; 

1 

V = frog angle; A = frog numlHT = -cot(F/2). . 

Then 

(rc — Q/2) vers(/'V2) = (d ~ (J)/2 — K sin(F/2). Hence, 
d - G K 

rc = + tf/2; (51) 

2vers(F/2) tan(i<V4) 

Lb = PJ + JQ = ]fi id -G) -f (rc - G/2) X tan(F/4) . . . (52) 



Crossovers. 

54. Figs 16, 17. When the connecting track is a tangent 
(Fig 16), the two frog angles are necessarily equal. When it is a 
reverse curv (Fig 17) they are preferably equal. 

With straight counectlns track, E E\ Fig 16. Let 
R zz 0 E = outer-rail gage-side radius of turnout curv ; 

T = semitangent of turnout curv; 
d ss dist betw main-track center-lines ; 

0 zz track-gage ; 

d — G =: dist betw gage-lines of inner rails ; 
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k — P F" = dist betw theoret frog-points, P and P% 

II with main tracks ; 

U = PP'" = diat hetw theoret frog-points, P and P% 

II with connecting track; 

W ~ dist from theoret frog-point, P, to frog-toe, K; 

I = switch-length. 

Then : — 

T = Ktan(A/iJ) ; L = L' = (T -f I) coss -f (T + W) cosP; 

d - 0 

k - PQ ~ P" (J P Q - P' Q’ =, ; 

tan y sin F 

iy = L-ffc-fL'=:fc-f2L; 

d - G G 

LI = PQ* - P"' g' (B8) 

sin F tan P 

For unit change in the value of d, the corresponding changes in 
k and in U, respectlvly, are: — in k, change — cotP; in V, change 
= cosec P. 



5&. With reverst connecting; curv. Fig 17. 

The use of a reverst connecting curv economizes space, especially 
where the two tracks are spaced wide apart and where the frog- 
angle is small. The radius is usually that of the turnout curv. 

Let 

P — frog angle ; 

A “ sweep of either branch of reverst connecting curv; 
r =: center-line radius of reverst connecting curv ; 

~ r -f G/2 

= outer-rail gage-side radius of reverst connecting curv ; 

K - dist, from theoret frog-point, P, to frog-heel. 
k = dist, parallel with track, betw frog-points, P and P'. 

Then : — 

rcos(F + A) = PcosF -f K sin h' - (d -G)/2; 
k/2 = r sin(P + A) - si" ^ 


PP' =r Vfc* -h (d - GY 


(54) 
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Double Turnout. 

56. Fig 18. Doubh; polut-switch turnout from opp sides of lan* 
gent Let the two main frogs, P, be of equal angle and therefore 
opp, and let 

r = turnout center-line radius ; 

R — 0 E = r 0/2 = outer-rail gage-side radius ; 

/^e — sweep, D 0 Po; 

Te = semitangent of curv i> Pc ; 

W — E P — dist from main frog-toe, E, to theoret frog-point, P; 
S — switch-heel spread ; 
s = switch angle ; 

I = A IJ = switch length ; 

N,P, = main frog number and angle; 

NtjFc = crotch frog number and angle; 

L z= B P =z lead to main frog, P; 

L« zz a Pe = lead to crotch frog, Pc. 



Then : — 

Fc 

— = Ac + s; DPca z=: y 0 )„ rr H + 


Fc r 

Cos — = — = cosF 
2 R 


+ 


Nc 


cot(Fc/2) 


2 

0/2 - 8 

Tc = 

sins -j- sin(Fc/2) 

0/2 - 8 


0/2 - TfsinF 
R 


Ac Fc — A* 


2 2 

0 m 

cos F — ; 

R 


DPc = 


/ A 
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R = 


DPc 


= JroCOt(Ae/2) = 


0/2 


2slii(Ac/2) 2gln(Ae/2) A«/2) 

he =z L -- \v COS F — R KsinF — sin (7-^/2)] 

= aif 4- KPc 

Fc - Ac 

= Icos^ 4 - {0/2 ~ S) cot 


' (Te 4- I) cos 8 4- TeCOS(Fe/2) . 

Ladders. 


.(55) 


57. Layout. Fig 19. Ordinarily, the yard or “body” tracks, 
reacht by a ladder, are parallel with the main (or 
■‘drill’) track, 1; the ladder la straight, from Pi to P^, etc; the 
yard tracks, 2, 3, 4, etc., are straight from the ladder frogs, Pj, 
Pfc etc., and the dlst, d, betw cens of adjacent parallel tracks Is 



58. Distances. The frog angles, i-V Ft, etc., betw drill track 
and ladder, and betw ladder and yard tracks, are then equal ; and 
the dlsts, Ai Aj, As Aa, etc., betw consecutiv switches ; those, Pj Pi, 
Pi Pa, etc., betw consecutiv frogs; and those, 7i Fj, Vg Fa, etc., betw 
consecutiv Intersections, measured |i with the ladder, are all equal, 
and Fj Fj = d/slnP. (But sec 60.) For unit change in the 
value of d, the corresponding change. In d/slnP, is 1/sin P = 
cosec F, 

58. The minimum aUovmhle di8t, along the ladder, betw a frog 
point, as Pj, and a point opp the switch-toe, Aj, of the next turn- 
out, is about 10 ft. 

60. “Under ordinary conditions, body tracks should be spaced 13 
to 14 ft centers, and, where they arc parallel to main track or to 
other important running track, the first body track should be 
spaced < 15 ft centers from such main or other important track. 
Ladder tracks should be spaced < 15 ft centers from any paridlel 
track.” Am Ry Ehigng Assn, Manual, 1015, p 4G9. 

61. Frog Kumbers. Bteam railroad yards commonly use No 7 
and No 8 frogs ; less commonly No 6. For general use in ladders, 
the Am Ry Engng Assn (Manual, 1915, p469) recommends frogs 
of not lower No than No 8. 
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Double Turnout. 

56. Fig 18. Doubh; polut-switch turnout from opp sides of lan* 
gent Let the two main frogs, P, be of equal angle and therefore 
opp, and let 

r = turnout center-line radius ; 

R — 0 E = r 0/2 = outer-rail gage-side radius ; 

/^e — sweep, D 0 Po; 

Te = semitangent of curv i> Pc ; 

W — E P — dist from main frog-toe, E, to theoret frog-point, P; 
S — switch-heel spread ; 
s = switch angle ; 

I = A IJ = switch length ; 

N,P, = main frog number and angle; 

NtjFc = crotch frog number and angle; 

L z= B P =z lead to main frog, P; 

L« zz a Pe = lead to crotch frog, Pc. 



Then : — 

Fc 

— = Ac + s; DPca z=: y 0 )„ rr H + 


Fc r 

Cos — = — = cosF 
2 R 


+ 


Nc 


cot(Fc/2) 


2 

0/2 - 8 

Tc = 

sins -j- sin(Fc/2) 

0/2 - 8 


0/2 - TfsinF 
R 


Ac Fc — A* 


2 2 

0 m 

cos F — ; 

R 


DPc = 


/ A 
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66. Double (three- throw) turnoutH (see 32-4) are also 
used in connection with ladders. 

in such cases, resort may be had to graphic methods. 

See also H 73, Yards and Stations, p 1005. 

Turnout from Curv. (Point Switch). 

67. Computinir vs. drafting. Exact equations, for the dimen- 
sions of point-switch turnouts from curvs, would be very compli- 
cated ; and problems, involving such dimensions, are best solvd 
by means of drawings to liberal scale. The subject is discust 
mathematically, in “Track Fornuilffi and Tables”, by S. S. Roberts ; 
New York, John Wiley & Sons. 

68. SharpncHM Difference. In general, and for practical purposes 
(even with straight switch-rails and frog-rails), the sharpness diff, 
betw the main and turnout curvs, for a given irog-number, may be 
taken as equal to that of a turnout from straight track, with the 
same frog number, as in H 26. 



68. Lead. Figs 22. For a given frog number, the lend may be 
tak%n us approximately equal to that figured for a turnout from 
a tangent, by eq 10 ; but, in his Notes on Track, p 373, Mr. W. M. 
Camp gives the following: — 

Let L» = lead for turnout from tangent. Fig (a) ; 

he ■= lend for turnout from curvd track with same frog, 
Figs (b), (c). 

D = maiu Hue curv sharpness ; N — frog number. 

Then 

Lc - L, ± D {N/liV (57) 


tflus when turnout leavs inside of curv (Fig h), and vice versa 
(Fig c). This givs results as follows when 1) — 3° : — 


nm 


Di 






HHOSHI 

HD3BH 

■B 




msM 
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CURVS 

SIMPLE CURVS 

GfiJVCRAL 

Definitions 

(For oquations, see H H 25, etc) 

1. Fis 4a. A railroad line» a b c . . . f, is usually an alter- 
nation of curvs, b Cj d e, etc : and of straight lines, o b, c d, etc, 
which are commonly called “tangents” because they are necessarily 
tangential to the curvs. 

Fife 1. In a circular or simple railroad curv, the center line. 
APB of the track (or, it not level, its projection on a horizontal 
plane) is a circular arc. 

Flsf 1. Imagin the tangents, X A and B Z, at the ends of 
the curv, AB, produced to their intersection, V. Then the ooual 
dists, A F, V B. are culled the aemltnnKenfs. 



2. For the points of ebanse from tangent to curv, etc, etc, we 
use the symbols adopted hy the Am Rj Ens Aaan, Manual of 
Recommended Practice, 1915, p 135, as follows : — 


For circular curve 

T. C. From tangent to curv ; 
C.T. “ curv “ tangent; 

C. C. “ curv '* curv ; 


Hitherto called 
Point of curv, P. C. 
Point of tangent, P. T. 
Point of compound or 
of reverst curv, 

P. C. C. or P. R. C. 


For apiral eurva See p 968, H 201. 
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The point of curv, Pig 1, T, C., Is the beginning. A, of the 
curv, or that end of it which is first reacht by the location in its 
progress. 

The point of tnngent, C. T., is the other end, B, of the curv. 
The vertex, point of intersection, P. I., or apex, is the point, 
V, where the two tangents, produced, A V and F B, meet. 


LOCATION. 


Curv Functions and their Symbols 
3. Fig 1. List of the functions of an entire curv. For that 
portion of a curv subtended by a unit chain, see H 9. 


Functions Symbols 


Sweep (central angle, see H 10) 

Radius 

Long Chord 

Semltaugeut 

External distance 

Tangent offset, (pern to tangent A I' 

OT B V) 

Tangent distance (making A F = A B) 

Middle ordinate 

Side ordinate, distant x from M 

Middle ordinate for A/2 


A ^ 

AO Bz: 

FVB 

R = 

0 A = 

OB 

C = 

A B 


T = 

A F = 

V B 

E zz 

P V 


y = 

BB 


. . . — 

BF 


II 

HP 



4. Locating points on CurvH. Pig 2. Where the radius R, Is 

very short. It Is sometimes practicable to locate the center, 0, of 
the curv, and to describe the center line on the ground, using a 
steel tape for the radius; but, ordinarily, the center is not located, 
and points, a, b, etc, in the curv, are located by setting the transit 
at rf known pO'int in the curv (as the T. C., at A), laying off known 
peripheral angles, v A a, v A b, etc, from the tangent, A v and meas- 
uring chords, A a, ab, be, etc, of the proper calculated lengths. 

5. I^hords and Chains.* In practice, these chords (except the 
first and lust, see il 24) are of equal length, equal (or nearly equal, 
see i! 20) to that of the tape (usually 100 ft or 20 meters long) 
used In the location of the line, and are called “chains,”* in order 
to distinguish them from other chords, as A b, l> d, etc, which may 
be drawn to the curv. 

6. The equal peripheral angles, a A b, b A c, etc, subtended by 
these equal chains, are called deflection angles. Each Is equal to 
0/2 = half the corresponding central angle, a 0 b, ^ 0 c, etc. 

7. 'I'angentlal, Deflection and Central Angles. Samuel W. 

Mifflin, “Methods of Location for Railway Engineers”, 1837, called 
the angle, ecd ( = cOy = D/2), the “langenlial angle", as 

being the angle betw a chain,* c d, and the tangent, c c, at Its 
either end. In this, Mifflin followed Col. Stephen H. Long, U. S. A. 
(“Railroad Manual”, 1829), who gave the name, ‘‘deflection angle’', 
to the angle, fed, betw a chain, c d, and the extension, cf, of a 
consecutive chain, b o; it being equal to the angle, ehd (betw the 
tangents, ce and hd, at the two ends of a chain, cd), thru which 
the line deflects within the dist subtended by a chain. It is equal 
to the central angle, D = cO d, subtended by a chain, c d. 

8. We, in “The Field Practice of Laying out Circular Curvs for 
Rallroad.s” (first edition, 1861), and Mr. William Findlay Shunk, 
in “The Field Engineer”, 1880, followed this nomenclature. Now, 
however, usage calls ecd the "deflection angle** or simply the 
"deflection” (as indicating a deflection of the Hie of sight) and 
calls D { —fed) the "degree of curv**. See Sharpness, If 11, 


*The use of the word “chain”, to designate such a chord, sur- 

vives from the days when survey tapes were unkno-wn, and when 
the measuring was done by means of chains made up of wire links. 
The standard full length of such a chain was called *‘one chain.” 
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0. Figs 1 and 2. In that portion of a curv, as a h, Fig 2, sub- 
tended by a unit chain*, c, we have sweep, A = D, and we desig- 
nate the several other functions by “lower-case” instead of by 
capital letters. Thus ; 

the letters G T E Y M Mm and Mii, Fig 1, if 3, 

become, respectivly . . c t e y m mx and mi\, in the arc a b. Fig 2. 

10. Plar 1. The sweep, A. of the curv, is the angle. .1 0 B, 
swept out by the radius, li, and subtended by the curv. It is also 
the angle, F Y B, swept out by the tangent in swinging from V F 
to V B. It is therefore the total deflection of the line, due to the 
curv; or it is the intersection angle betw the two tangents. Knch 
portion of the curv of course has also its own sweep. > 



11. Fig 2. The RharpiieMtt, (commonly called the ‘^denrree of 
evrvature*') is usually exprest by the sweep or central angle, D, 
( = aOb = b 0 c, etc) subtended by a chain*, ab or be; i,e., 
sharpness = the deflection, e h d, of the line, in a length of one 
chain. A “one-degree”, “two-degree”, “three-degree-thirty-minute”, 
etc curv is one .whose sharpness is 1', 2°, 3® 30', etc. See if 14. 

12. Fig 2. But sometimes (especially where the metric system 
is used) the curv is named for its peripheral chain angle, cbd = 
oAd, etc, or angle subtended at the circumference, as at b or J. 
A given curv, called 

1® (XK, 2®, 3" 30', etc, after its cenfrol chain angle, would be called 
0* 30', 1®, 1® 45', etc, after its peripheral chain angle. 

We follow the definition of H 11. 

13. Pig 3. When curvs are located by means of short chains* 
(see H 19), the sharpness is sometimes taken as the sweep suh 
tended by a series of such chains, the sum of whose lengths is 
equal to the standard unit chain. Thus, a curv, apb, in which a 
series of two chains, ap, p b, of 50 ft each, subtends an angle of 
D‘, is then called a D® curv. altho it is sharper (has a shorter 
radius, K 2 =: Ob) than the Z)® curv, APB (R^ = OB), In which 
the same angle of D® is subtended by a single chain, A B, of 100 ft. 

14. Fig 1. In countries other than the IJ. S., the sharpnesses of 
curvs are often designated by the lengths of their radii, R = 0 A 
= 0 Bj etc. The greater the sharpness, the shorter is the radius. 

15. Graphic repreaentatlon of curvature. In Fig 4, 
the center line, af (Figs a and b) and the rectangles (Fig b) below 
and above it, represent the supposititious case tabulated below. 


•The use of the word “chain,” to designate such a chord, sur- 
vives from the days when survey tapes were unknown, and when 
the measuring was done by means of chains made »ip of wire links. 
The standard full length of such a chain was called “one chain.” 



CTJBV SWEEP. ?5YY 

Since the abscissas, a by ao, etc, Fig 6, represent dlsts along the 
line, while the ordinates represent sharpness of curvature, the 
areas of the rectangles represent the sireeps of the curve, or the 
deflections of the tangents from each other. Similarly with por- 
tions of the rectangles ; thus, the area of the rectangle on 6' o repre- 
sents the sweep of the portion, b' c, of the simple curv, b c. 

P 



16 . The inclined lines (Fig 4 b) represent casements of the ends 
of the curvs by means of spirals (see p9t>C). Since the positions 
of the tangents are not changed by the introduction of the spirals, 
the sweeps of the curvs, and the areas representing them, remain 
unchanged also. Thus, area of trapezoid on B C = area of rec- 
tangle on b c. 


-f- 00 -t- 49 +78 


Stretch 

Length, f t . . I 240 
Sharpness, D | 


468 

470 

+ 60 

+ 41 1 


Total 0' 

DilFs 

Left ... 0* 

Right . . 0“ 
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Chains*. Cnrv Leiupth 

17. The unit of railroad and of curv meaMurement is usually 
either 100 feet or 20 meters (= say Ori.GlT ft). 

18. Full chain*. It Is usual to make this (100 ft, or 20 meters) 
the chain length ; and the length of the curv is then stated 
(approximaitly) as being equal to the sum of the chain lengths 
used in locating it. Thus, Fig. (J, in the curv, .1 a b c Ji, the length 
js taken as being = Aa^ ah ^bc-^cB, measured along these 
chords, = 43 4- 200 + 30.7 = 279.7 ft The true length of the 
curv is of course slightly greater than this. See p 002. 

10. Short chain.* Sharp curv.s are usually located, by means of 
a short chain whose length is half or quarter that of the standard 
chain, or less; these short chains subtending correspondingly 
smaller central angles. Thus, where the standard chain is 100 
leet, chains (tape lengths) of r>0 or 2.^> ft or less are used on such 
curvs. In general, the chain length used is not greater than from 
one-twelfth to one-eighth of the radius of the curv. The sum ot 
a series of such short chain-lengths, subtending a given arc. is 
evidently greater (more nearly equal to the length of the arc it 
self) than is the sum of standard unit chain-lengths subtending the 
same arc. See HIS. 



20* Dlminiiilit chaina*. If. on curvs, the rear ohainman bolds 
the tape with a properly calculated small rending (instead of the 
zero mark) at the stake, thus slightly diminishing the effectlv 
unit “chain” length, the arc subtended is thereby reduced to the 
full unit length, the stated length of the curv is made to corre- 
spond with Its actual (curvd) length, and certain formulas (1142) 
for finding curv functions (otherwise only approx) are renderd 
exact. 

21. 81iaTpneH»» an affected hy the ukc ot dlmlnUht vhnlnM*. 

Fig 5 V. In the cvivv, c ed, let the lull “chain”, c — c d z=. 100 It, 


*The use of the word “chain,” to designate such a chord, sur- 
vives from the days when survey tapes were unknown, and when 
the measuring was done by means of chains made up of wire links. 
The standard full length of such a chain was called “one chain.” 
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subtend ti central angle, D = c 0 d = 60®. Then c ed is a ^ 
curv, and its deflection angle, D/2 — mcd = 30 To run the 
same curv with a diminisht chain, v' = c c (— 95.89 ft, il 22) 
we must use a deflection angle, m cc, of only 28“ 39', and D , { — 
cOe) = 57“ 18'. Thus, the use of diminisht chains makes a 
given curv nominally fatter. 

22. Fig 5 Z. If, with diminisht chain, c' — ah. we use the 
same deflection anKle, (n' ah — nfc), as with the full clmin. 
(c = fc), we shall obtain a sharper curv, ah (radius = O a) 
than with the full chain, which would give the curv f c, (radius 
=: Of). Thus, the use of the diminisht chain makes a nominally 
iKlual curv actually sharper. 

In Figs 5 y and 5 Z, the functions compare as follows ; 

{Q — a/c or a'/c') 

Fig It, ft /?', ft 1> D’ a, ft o', ft c, ft c', ft Q 

5 V 100 00 60°()0' 104.72 100.00 1.047 

100.00- .^““IS' 100.00 95.89 1.043 

.5 Z 100.00 60“00' 104.72 100 00 1.047 

95.49 G0“00' 100.00 95.49 1.047 

23. Stations. As on the tangents, the end-points of chains, on 
-nrvs, are called “stations" ; but the name, “station", is often 
(loosely) applied to the distance hetireen two such points. 



24. Htatlona; 8ul»*chaini«. Fig. 6. It can only acci- 

dentally happen that a curv begins or ends exactly at a station of 
the location. In other words, the T. C. and the C. T. nearly always 
fall betu'cen stas, i. c., at a “plus” sta, as at sta A = 20 -f 57. 
or at station B = 23 -f 36.7; and this necessitates the use of 
a sub-chain, A a or o B, and a sub-angle, V A a or Y B c {V B c = 
c A B), at one or at both ends of the curv. See H 44, etc. 
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KATLROADS. 
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PropoBltions of frequent application 

25. Fig 7. Similar trlansleei, and ratios bet^veen chord seg:> 
ments. Let O F be a diam of the circle, A F if 0 ; let A jB ( = 
C) ho a chord perpondiciilar to OF and bisoctod at H: let OA, 
A F be chorda in the aemi-circle, OAF; and OB, BV, chorda 
in the somi-circle, O if V; let A 1' (= Fif) semitangent, 7'; 
and OA ( = OB) = radius, K, of the curv, APB. 



Then the 3 right triangles, O Ji A, A H F and 0 A F are similar ; 
as are also 0 H B, BHV and OBV; angle, OAF ( = OifF), 
betw li and T, = 90" ; A H = ii if = 0/2 ; and 


From similar 
triangles 


We have 


0HB,BJ1V; OH : HB-HB HV; 

OH XllV - (V/2)^\ or 


OBV, BHV; OF : VB = VB : HV; 

OVxHV=r\- or 


OBV,OHB; OF : OB = OB : OH; 

OV X OH = IP; or 


HV - (0/2)* -r OH (1) 

HV-.TyOV ( 2 ) 

OH -R^/OV (3) 


26. Fig 8 . Anglea between two chords, between two tan- 
gentm, and between a chord and a tangent. Values of A/2> 
Let A PR be the arc, and A if the chord, subtending the central 
angle, AOB = A = F ^ B = AOd + dOB = AOe + eOB 

Then 

A/2 = angle betw the tan, A V, at A, (or tan V B, at B) and 
the chord, A if 

= external angle betw any two chords, as A d and d B, or 
A e and e B, drawn to the arc from A and from R 
respectively 

= (AOd+<IOR)/2=(AOe + cOif)/2 
= the peripheral angle, AE B — TAB = VBA, 
subtended by the chord, A B (4) 


27. Small angles, (such as the deflections usual In steam rail- 
road work), are approx proportional to their sines, and less 
nearly proportional to their tangents. This fact may be used to 
facilitate many calculations. 
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Thus, for any small angle. A., we have, 
approx : sin 0“ 1' ; sin i. = 1 minute : A, in mins ; or 

A mins = sin A -f- sin 0“ 1' = 3437 sin A; 

Bin A = A mins X sin 0“ 1' = 0.0002909 A mins. . (5) 
Similarly (approx) tan mins X tan 0" 1' = 0.0002909 A mins. 



Example. With 100 ft chain; given radius, R, = 1300 ft; 
required the sharpness, D, of the curv. Here, sin (D/2) = 
50/1300; and H = 4* 24' 30.44". 

Approx, D/2 in mins 
= sin (D/2) -r sin 0® 1' 

60 1 

X = 132.221. 

1300 sin 0“ 1' 

Hence, D approx = 264.442 mins = D — 0.065 min = 

».99976 D. 

Conversely ; given 0 = 4® 24', required the radius, R. Hera 


R =r = 1302.497 ft. 

sin (D/2) 


R approx 


50 

(D/2) In mins X sin 0“ 1' 
1302.177 ft = 0.99975 R. 


Such operations are conveniently performd with the slide-rale, 
pp 73 etc.^ 

33 
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EAILKOADS. 


Errors of Approximation. 

Let A be In minutes ; and let 

A sin 0“ 1' 

S = ; 

sin A 


A tan 0“ 1* 

7» - . Then: — 

tan A 



8 = 

II 

for A = 

8 z= 

II 

0" 30' 

1.000013 

0.999995 

6* 0' 

1.001830 

0.996342 

1“ 0' 

1.000051 

0.999898 

7*0' 

1.002492 

0.995020 

2* 0' 

1.000203 

0.999594 

8“ 0' 

1.003257 

0.993493 

3“ 0' 

1.000457 

0.999086 

10® 0' 

1.005095 

0.989825 

4“ 0' 

5* 0' 

1.000813 

1.001270 

0.998375 

0.997460 

20“ 0' 

1.020600 

0.959050 



28. Relations betvreen R> ha and Lo. Fig 9. 

In any circular curv, let 

circumf 

R = radius ; ir =. ; A = sweep ; C = long chord ; 

dlam 


La — curv length, APE, measured on the arc. Then : — 
T R = seml-circnmf (subtending 180'’) ; 


r R 

= arc subtending I** ; and (A in degrees) 

180 


La 


A 


IT R 
180 


A 


180 La 

; and R — 

V R 


180 La 
V A 


....( 6 ) 


Let c = chain length, in ft ; (i = unit arc, In ft ; n = number 
of chains, c, or of unit arcs, a, in the curv* ; D = sharpness ; 
Le = curv length, APB, measured on chains, = sum of lengths 
of chaina La = true curv length. Then : — 


•Usually n is a mixt number. Thus, with two chains of 100 ft 
each, and sub-chains of 33.6 ft and 21,8 ft respectively, we have 
n = 2 4- 0.336 -f 0.218 = 2.654. 
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1 with full chain, if 18 

With diminisht chain, if 20 

D c/2 

.(7) 

E® 

180 a 


. (11) 

sin — — 

2 R 


TT R 



^ = nD 

.(8) 

A 

= nD .... 


.(12) 

r/2 



180 La 

ISO a 

.(13j 

sin {D/2) 



A° 

irE® 

c 

. . (9) 





2 sin(/V2) 






Lc — ft 0 ^ 

n = Lc/c = A/JJ .• 

.(10) 

La 

n 

= n a: 

= La/a = 

A/E . 

. . (14) 


29. Hence, lor the radius, Rf, in feet, or Rm, in meters, we 



On any curv ^ 

On a 1" 

curv 



Curv measured hy 






20-meter 

chain 

H 18 

100-ft i 
chain 

20-meter I 
chain 1 

100-ft 

chain 


Radius 1 

4 

nr- 

Rm — 

Rr = 

Rm “ 

With 

50 ft 

10 m 

50 ft 

10 m 

full 

Bin (E/2) 

sin (E/2) 

Bin 0“ 30' 

sin 0® 30' 

chain. 



= 5729.650 ft 
= 3.7*5! 1281 

= 1145.930 m 
log 

= 3.059 1581 


I Curv measured hy I 

if 20 

100-ft 

arc 

2(V-meter 

arc 

100-ft 

arc 

20-meter 

arc 


1 Radius 



Rr = 

Rm — 

Rr = 

Rm ~ 

With 

18,000 ft 

3,600 m 

18,000 ft 

3600 m 

diminisht 

chain. 

V D 

TT E 

IT 

rr 5729.578 ft 

- 3.758 1226 

r 

= 1145.916 m 

= S.059 1526 


Eqs (15) Eqs (16) 
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D R log R I D R log R 


0 



1‘ 



0 

Infinite 

Infinite 

0 

5729.65 

3.758128 

1 

343775. 

5.536274 

1 

5635.72 

3.750950 

2 

171887. 

S. 235244 

2 

5544.83 

3.743888 

3 

114592. 

5.059153 

3 

5456.82 

3.736939 

4 

85943.7 

4 934214 

4 

5371.56 

3.730100 

5 

68754.9 

4.837304 

5 

5288.92 

3.723367 

6 

57295.8 

4 758123 

6 

5208.79 

3.716737 

7 

49110.7 

4 691176 

7 

5131.05 

3.710206 

8 

42971 8 

4.633184 

8 

5055.59 

3.703772 

9 

38197.2 

4.582031 

9 

4982.33 

3.697432 

10 

34377.5 

4.536274 

10 

4911.15 

3.691183 

11 

31252.3 

4.494881 

11 

4841.98 

3.685023 

12 

28647.8 

4.457093 

12 

4774.74 

3.678949 

13 

26444.2 

4.422331 

13 

4709.33 

3.672959 

14 

24555.4 

4.390146 

14 

4645.69 

3.667051 

15 

22918.3 

4.360183 

15 

4583.75 

3.661221 

16 

21485.9 

4.332154 

16 

4523.44 

3.655469 

17 

20222.1 

4.305825 

17 

4464.70 

3.649792 

18 

19098 6 

4.281002 

18 

4407.46 

3.644189 

19 

18093.4 

4.257521 

19 

4351.67 

3.638656 

20 

17188.8 

4.235244 

20 

4297.28 

3.633194 

21 

16370.2 

4.214055 

21 

4244.23 

3.627799 

22 

15626.1 

4.193852 

22 

4192.47 

3.622470 

23 

14946.7 

4.174547 

23 

4141.96 

3 617206 

24 

14324.0 

4.156064 

24 

4092.66 

3.612005 

25 

13751.0 

4.138335 

25 

4044 51 

3 606866 

26 

13222.1 

4.121302 

26 

3997.49 

3.601787 

27 

12732.4 

4.104911 

27 

3951.54 

3.596766 

28 

12277.7 

4.089117 

28 

3906 64 

3.591803 

29 

11854.3 

4.073877 

29 

3862.74 

3.586896 

30 

11459.2 

4.059154 

30 

3819.83 

3.582044 

31 

11089.6 

4 044914 

31 

3777.85 

3.577245 

32 

10743.0 

4 031125 

32 

3736.79 

3.572499 

33 

10417.5 

4.017762 

33 

3696.61 

3.567804 

34 

10111.1 

4.004797 

34 

3657.29 

3 563160 

35 

9822.18 

3.992208 

35 

3618 80 

3.558.564 

36 

9549.34 

3.979973 

36 

3581.10 

3.5.54017 

37 

9291.25 

3.968074 

37 

3544.19 

3 .549517 

38 

9046.75 

3.956493 

38 

3508.02 

3..54.506.3 

39 

8814.78 

3.945212 

39 

3472.59 

3.540654 

40 

8594.42 

3.934216 

40 

3437.87 

3.536289 

41 

8384.80 

3.923493 

41 

3403.83 

3.531968 

42 

8185.16 

3.913027 

42 

3370.46 

3.527690 

43 

7994.81 

3.902808 

43 

3337.74 

3.523453 

44 

7813.11 

3 892824 

44 

3305.65 

3.519257 

45 

7639.49 

3.883065 

45 

3274.17 

3.515101 

46 

7473.42 

3.873519 

46 

3243.29 

3.510985 

47 

7314.41 

3.864179 

47 

3212.98 

3.506908 

48 

7162.03 

3.855036 

48 

3183.23 

3.502868 

49 

7015.87 

3.846082 

49 

3154.03 

3 498866 

SO 

6875.55 

3.837308 

50 

3125.36 

3.494900 

51 

6740.74 

3.828708 

51 

3097.20 

3.490970 

52 

6611.12 

3.820275 

52 

3069.55 

3.487075 

53 

6486.38 

3.812002 

53 

3042.39 

3.483215 

54 

6366.26 

3.803885 

54 

3015.71 

3.479389 

55 

6250.51 

3.795916 

55 

2989.48 

3.475596 

56 

6138.90 

3.788091 

56 

2963.72 

3.471836 

57 

6031.20 

3.780404 

57 

2938.39 

3.468109 

58 

5927.22 

3.772851 

58 

2913.49 

3.464413 

59 

5826.76 

3.765427 

59 

2889.01 

3.460749 

60 

5729.65 

3.758128 

60 

2864.93 

3.457115 1 


D R loK R 
_ 

0' 2864.93 3.457115 

1 2841.26 3.453511 

2 2817.97 3.449937 

3 2795.06 3.446392 

4 2772.53 3.442876 

5 2750.35 3.439388 

6 2728.52 3.435928 

7 2707.04 3.432495 

8 2685 89 3.429089 

9 2665!08 3.425710 

10 2644.58 3.422356 

11 2624.39 3.419029 

12 2604.51 3.415727 

13 2584.93 3.412449 

14 2565.65 3.409197 

15 2546.64 3.405968 

16 2527.92 3.402763 

17 2509.47 3.399582 

18 2491.29 3.396424 

19 2473.37 3.393289 

20 2455.70 3.390176 

21 2438.29 3.387085 

22 2421.12 3.384016 

23 2404.19 3.380969 

24 2387.50 3.377943 

25 2371.04 3 374938 

26 2354.80 3 371954 

27 2338.78 3.368990 

28 2322.98 3.366046 

29 2307.39 3.363122 

30 2292.01 3.360217 

31 2276.84 3.357332 

32 2261.86 3.354466 

33 2247.08 3.351618 

34 2232.49 3.348789 

35 2218.09 3.345979 

36 2203.87 3.343187 

37 2189.84 3.340412 

38 2175.98 3.337655 

39 2162.30 3.334916 

40 2148.79 3.332193 

41 2135.44 3.329488 

42 2122.26 3.326799 

43 2109.24 3.324127 

44 2096.39 3.321471 

45 2083.68 3.318832 

46 2071.13 3.316208 

47 2058.73 3.313600 

48 2046 48 3.311008 

49 2034.37 3.308431 

50 2022.41 3.305869 

51 2010.59 3.303323 

52 1998.90 3.300791 

53 1987.35 3.298274 

54 1975.93 3.295771 

55 1964.64 3.293283 

56 1953.48 3.290809 

57 1942.44 3.288349 

58 1931.53 3.285902 

59 1920.75 3.283470 

60 1910.08 3.281051 
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D R Uig R I D R log R I D R log R 


3 ° 



4 ^ 



0 ' 

1910.08 

3.281051 

0 ' 

1432.69 

3.156151 

1 

1899.53 

3.278646 

1 

1426.74 

3.154346 

2 

1889.09 

3.276253 

2 

1420.85 

3.152548 

3 

1878.77 

3.273874 

3 

1415.01 

3.150758 

4 

1868.56 

3.271508 

4 

1409.21 

3.148975 

5 

1858.47 

3.269155 

5 

1403.46 

3.147200 

6 

1848.48 

3.266814 

6 

1397.76 

3.145431 

7 

1838.59 

3.264486 

7 

1392.10 

3.143670 

8 

1828.82 

3,262170 

8 

1386.49 

3.141916 

9 

1819.14 

3.259867 

9 

1380.92 

3.140170 

10 

1809.57 

3.257576 

10 

1375.40 

3.138430 

11 

1800.10 

3.255296 

11 

1369.92 

3.136697 

12 

1790.73 

3.253029 

12 

1364.49 

3.134971 

13 

1781.45 

3.250774 

13 

1359.10 

3.133251 

14 

1772.27 

3.248530 

14 

1353.75 

3.131539 

15 

1763.18 

3.246297 

15 

1348.45 

3.129833 

16 

1754.19 

3.244077 

16 

1343.18 

3.128134 

17 

1745.29 

3.241867 

17 

1337.96 

3.126442 

18 

1736.48 

3.239669 

18 

1332.77 

3.124756 

19 

1727.75 

3.237481 

19 

1327.63 

3.123077 

20 

1719.12 

3.235305 

20 

1322.53 

3.121404 

21 

1710.57 

3.233140 

21 

1317.46 

3.119738 

22 

1702.10 

3.230985 

22 

1312.43 

3.118078 

23 

1693.72 

3.228841 

23 

1307 45 

3.116424 

24 

1685.42 

3.226707 

24 

1302.50 

3.114777 

25 

1677 20 

3.224584 

25 

1297.58 

3.113136 

26 

1669.06 

3.222472 

26 

1292.71 

3.111501 

27 

1661.00 

3.220369 

27 

1287.87 

3.109872 

28 

1653.01 

3.218277 

28 

1283.07 

3.108249 

29 

1645.11 

3.216195 

29 

1278.30 

3.106632 

30 

1637.28 

3.214122 

30 

1273.57 

3.105022 

31 

1629.52 

3.212060 

31 

1268 87 

3.103417 

32 

1621.84 

3.210007 

32 

1264.21 

3.101818 

33 

1614.22 

3.207964 

33 

1259.58 

3.100225 

34 

1606.68 

3.205930 

34 

1254.98 

3.098638 

35 

1599.21 

3.203906 

35 

12 . SO 42 

3.097057 

36 

1591.81 

3.201892 

36 

1245.89 

3 095481 

37 

1584.48 

3.199886 

37 

1241.40 

3.093912 

38 

1577.21 

3.197890 

38 

1236.94 

3 092347 

39 

1570.01 

3.195903 

39 

1232.51 

3.090789 

40 

1562.88 

3.193925 

40 

1228.11 

3.089236 

41 

1555.81 

3.191956 

41 

1223.74 

3.087689 

42 

1548.80 

3 189996 

42 

1219.40 

3.^86147 

43 

1541.86 

3.188045 

43 

1215.09 

3.084610 

44 

1534 98 

3 186103 

44 

1210.82 

3.083079 

45 

1528.16 

3.184169 

45 

1206.57 

3.081553 

46 

1521.40 

3,182244 

46 

1202.36 

3.080033 

47 

1514.70 

3,180327 

47 

1198.17 

3.078518 

48 

1508.06 

3.178419 

48 

1194.01 

3.077008 

49 

1501.48 

3.176519 

49 

1189.88 

3.075504 

SO 

1494.95 

3.174627 

50 

1185.78 

3.074005 

51 

1488.48 

3.172744 

51 

H 81.71 

3.072511 

52 

1482.07 

3.170868 

52 

1177.66 

3.071022 

S 3 

1475.71 

3.169001 

53 

1173.65 

3.069538 

54 

1469.41 

3.167142 

54 

1169.66 

3.068059 

55 

1463.16 

3.165291 

55 

1165.70 

3.066585 

56 

1456.96 

3.163447 

56 

1161,76 

3.065116 

57 

1450.81 

3.161612 

57 

1157.85 

3.063653 

58 

1444.72 

3.159784 

58 

1153.97 

3.062194 

59 

1438.68 

3.157963 

59 

1150.11 

3.060740 

60 

1432.69 

3.156151 

60 

1146.28 

3.059290 


S '* 



0 ' 

1146.28 

3.059290 

1 

1142.47 

3.057846 

2 

1138.69 

3.056407 

3 

1134.94 

3.054972 

4 

1131.21 

3.053542 

5 

1127.50 

3.052116 

6 

1123.82 

3.050696 

7 

1120.16 

3.049280 

8 

1116.52 

3.047868 

9 

1112.91 

3.046462 

10 

1109.33 

3.045059 

11 

1105.76 

3.043662 

12 

1102.22 

3.042268 

13 

1098.70 

3.040880 

14 

1095.20 

3.039495 

15 

1091.73 

3 038115 

16 

1088.28 

3.036740 

17 

1084.85 

3.035368 

18 

1081.44 

3.034002 

19 

1078.05 

3.032639 

20 

1074.68 

3.031281 

21 

1071.34 

3.029927 

22 

1068.01 

3.028577 

23 

1064.71 

3.027231 

24 

1061.43 

3 025890 

25 

1058.16 

3.024552 

26 

1054.92 

3.023219 

27 

1051.70 

3.021890 

28 

1048.49 

3.020565 

29 

1045.31 

3.019244 

30 

1042.14 

3.017927 

31 

1039.00 

3.016614 

32 

1035.87 

3.015305 

33 

10 . 32.76 

3.013999 

34 

1029.67 

3.012698 

35 

1026.60 

3.011401 

36 

1023.55 

3 010107 

37 

1020.51 

3 008818 

38 

1017.49 

3.007532 

39 

1014.50 

3.006250 

40 

1011.51 

3.004972 

41 

1008.55 

3.003698 

42 

1005.60 

3.002427 

43 

1002.67 

3.001160 

44 

999.762 

2.999897 

45 

996.867 

2.998637 

46 

993.988 

2.997381 

47 

991.126 

2.996129 

48 

988.280 

2.994880 

49 

985.451 

2.993635 

50 

982.638 

2.992393 

51 

979.840 

2.991155 

52 

977.060 

2.989921 

53 

974.294 

2.988690 

54 

971.544 

2.987463 

55 

968.810 

2.986238 

56 

966.091 

2.985018 

57 

963.387 

2.983801 

58 

960.698 

2.982587 

59 

958.025 

2.981377 

60 

955.366 

2.980170 









000 (JUitV KADII ANDTllJiIJil.OGS. K = 50/Sln (D/^). 


D 

R 

loi? H 

6“ 



0' 

955.366 

2.980170 

1 

952.722 

2.978966 

2 

950.093 

2.977766 

3 

947.478 

2.976569 

4 

944.877 

2.975375 

5 

942.291 

2.974185 

6 

939.719 

2.972998 

7 

937.161 

2.971814 

8 

934.616 

2 970633 

9 

932.086 

2.969456 

10 

929.569 

2.968282 

11 

927.066 

2 967111 

12 

924.576 

2.965943 

13 

922.100 

2.964778 

14 

919.637 

2.963616 

15 

917.187 

2.962458 

16 

914.750 

2.961303 

17 

912.326 

2.960150 

18 

909.915 

2.959001 

19 

907.517 

2.957855 

20 

905.131 

2.956711 

21 

902.758 

2.955571 

22 

900.397 

2.954434 

23 

898.048 

2.953300 

24 

895.712 

2.952168 

25 

893.388 

2.951040 

26 

891.076 

2.949915 

27 

888.776 

2,948792 

28 

886.488 

2.947673 

29 

884.211 

2.946556 

30 

881.946 

2.945442 

31 

879.693 

2.944331 

32 

877.451 

2.943223 

33 

875.221 

2.942118 

34 

873.002 

2.941015 

35 

870.795 

2.939916 

36 

868.598 

2.938819 

37 

866.412 

2.937725 

38 

864.238 

2.936633 

39 

862.075 

2.935545 

40 

859.922 

2.934459 

41 

857.780 

2.933376 

42 

855.648 

2.932295 

43 

853.527 

2.931218 

44 

851.417 

2.930142 

45 

849.317 

2.929070 

46 

847.228 

2.928000 

47 

845.148 

2.926933 

48 

843.080 

2.925869 

49 

841.021 

2.924807 

50 

838.972 

2.923747 

51 

836.933 

2.922691 

52 

834.904 

2.921637 

53 

832.885 

2.920585 

54 

830.876 

2.919536 

55 

828.876 

2.918489 

56 

826.886 

2.917446 

57 

824.905 

2.916404 

58 

822.934 

2.915365 

59 

820.973 

2.^14329 

60 

819.020 

2.913295 


D R log: R 

0' 819.020 2.913295 

1 817.077 2.912263 

2 815.144 2.911234 

3 813.219 2.910208 

4 811.303 2.909183 

5 809.397 2.908162 

6 807.499 2.907142 

7 805.611 2.906125 

8 803.731 2.905111 

9 801.860 2.904098 

10 799.997 2.903089 

11 798.144 2.902081 

12 796.299 2.901076 

13 794.462 2.900073 

14 792.634 2.899073 

15 790.814 2.898074 

16 789.003 2.897078 

17 787.200 2.896085 

18 785.405 2.895094 

19 783.618 2.894105 

20 781.840 2.893118 

21 780.069 2.892133 

22 778.307 2.891151 

23 776.552 2.890171 

24 774.806 2.889193 

25 773.067 2.888217 

26 771.336 2.887244 

27 769.613 2.886272 

28 767.897 2.885303 

29 766.190 2.884336 

30 764.489 2.883371 

31 762.797 2.882409 

32 761.112 2.881448 

33 759.434 2.880490 

34 757.764 2.879534 

35 756.101 2.878580 

36 754.445 2.877627 

37 752.796 2.876678 

38 751.155 2.875730 

39 749.521 2.874784 

40 747.894 2.873840 

41 746.274 2.872898 

42 744.661 2.871959 

43 743.055 2.871021 

44 741.456 2.870086 

45 739.864 2.869152 

46 738 279 2.868221 

47 736.701 2.867291 

48 735.129 2.866363 

49 733.564 2.865438 

50 732.005 2.864514 

51 730.454 2.863593 

52 728.909 2.862673 

53 727.370 2.861755 

54 725.838 2.860840 

55 724.312 2.859926 

56 722.793 2.859014 

57 721.280 2.858104 

58 719.774 2.857196 

59 718.273 2.856290 

60 716.779 2.855385 


D R loj? U 

"i® 

0' 716.779 2.855385 

1 715.291 2.854483 

2 713.810 2.853583 

3 712.335 2.852684 

4 710.865 2.851787 

5 709.402 2.850892 

6 707.945 2.849999 

7 706.493 2.849108 

8 705.048 2 848219 

9 703?609 2.847331 

10 702.175 2.846445 

11 700.748 2.845562 

12 699.326 2.844679 

13 697.910 2.843799 

14 696.499 2.842921 

15 695.095 2.842044 

16 693.696 2.841169 

17 692.302 2.840296 

18 690.914 2.839424 

19 689.532 2.838555 

20 688.156 2.837687 

21 686.785 2.836821 

22 685.419 2.835956 

23 684.059 2.835093 

24 682.704 2.834232 

25 681.354 2.833373 

26 680.010 2.832515 

27 678.671 2.831660 

28 677.338 2.830805 

29 676.008 2.829953 

30 674.686 2.829102 

31 673.369 2.828253 

32 672.056 2.827405 

33 670.748 2.826560 

34 669.446 2.825715 

35 668.148 2.824873 

36 666.856 2.824032 

37 665.568 2.823193 

38 664.286 2.822355 

39 663.008 2.821519 

40 661.736 2.820685 

41 660.468 2.819852 

42 659.205 2.819021 

43 657.947 2.818191 

44 656.694 2.817363 

45 655.446 2.816537 

46 654.202 2.815712 

47 652.963 2.814889 

48 651.729 2.814067 

49 650.499 2.813247 

50 649.274 2.812428 

51 648.054 2.811611 

52 646.838 2.810796 

53 645.627 2.809982 

54 644.420 2.809169 

55 643.218 2.808358 , 

56 642.021 2.807549 I 

57 640.828 2.806741 

58 639.639 2.805935 

59 638.455 2.805130 

60 637.275 2.804327 







CUBV KADII and THEIE LOGS. B = 50/sin (D/2 ) . 887 


D R log; R 

0' 637.275 2.804327 

1 636.099 2.803S25 

2 634.928 2.802724 

3 633.761 2.801926 

4 632.599 2.801128 

5 631.440 2.800332 

6 630.286 2.799538 

7 629.136 2.798745 

8 627 991 2.797953 

9 626.849 2.797163 

10 625.712 2.796374 

11 624.579 2.795587 

12 623.450 2.794801 

13 622.325 2.794017 

14 621.203 2.793234 

15 620.087 2.792453 

16 618.974 2.791673 

17 617.865 2.790894 

18 616.760 2.790117 

19 615.660 2.789341 

20 614.563 2.788566 

21 613.470 2.787793 

22 612.380 2.787021 

23 611.295 2.786251 

24 610.214 2,785482 

25 609.136 2.784714 

26 608.062 2.783948 

27 606.992 2.783183 

28 605.926 2.782420 

29 604.864 2.781657 

30 603.805 2.780897 

31 602.750 2.780137 

32 601.698 2.779379 

33 600.651 2.778622 

34 599.607 2.777867 

35 598.567 2.777112 

36 597.530 2.776360 

37 596.497 2.775608 

38 595 467 2.774858 

39 594 441 2.774109 

40 593,419 2.773361 

41 592.400 2.772615 

42 591.384 2.771870 

43 590.372 2.771126 

44 589.364 2.770383 

45 588.359 2.769642 

46 587.357 2.768902 

47 586.359 2.768164 

48 585 364 2.767426 

49 584.373 2.766690 

50 583.385 2.765955 

51 582.400 2.765221 

52 581,419 2,764489 

53 580.441 2.763758 

54 579.466 2.763028 

55 578.494 2.762299 

56 577.526 2.761572 

57 576.561 2.760845 

58 575.599 2.760120 

59 574.641 2.759397 

60 573.686 2.758674 


D 

R 

log R 1 

10° 1 

0' 

573.686 

2.758674 

2 

571.784 

2.757232 

4 

569.896 

2.755796 

6 

568.020 

2.754364 

8 

566.156 

2.752937 

10 

564.305 

2.751514 

12 

562.466 

2.7500% 

14 

560.638 

2.748683 

16 

558.823 

2.747274 

18 

557.019 

2.745870 

20 

555.227 

2.744471 

22 

553.447 

2.743076 

24 

551.678 

2.741686 

26 

549.920 

2.740300 

28 

548.174 

2.738918 

30 

546.438 

2.737541 

32 

544.714 

2.736169 

34 

543.001 

2.734800 

36 

541.298 

2.733436 

38 

539.606 

2.732077 

40 

537.924 

2.730721 

42 

536.253 

2.729370 

44 

534.593 

2.728023 

46 

532.943 

2.726681 

48 

531.303 

2.725342 

so 

529.673 

2.724008 

52 

528.053 

2.722677 

54 

526.443 

2.721351 

56 

524.843 

2.720029 

58 

523.252 

2.718711 

11° 

0' 

521.671 

2.717397 

2 

520.100 

2.716087 

4 

518.539 

2.714781 

6 

516.986 

2.713479 

8 

515.443 

2.712181 

10 

513.909 

2.710887 

12 

512.385 

2.709596 

14 

510.869 

2.708310 

16 

509.363 

2.707027 

18 

507,865 

2.705748 

20 

506.376 

2.704473 

22 

504.896 

2.703202 

24 

503.425 

2.701934 

26 

501.962 

2.700671 

28 

500.507 

2.699410 

30 

499.061 

2.698154 

32 

497.624 

2.696901 

34 

496.195 

2.695652 

36 

494.774 

2.694407 

38 

493.361 

2.693165 

40 

491.956 

2.691926 

42 

490.559 

2.690692 

44 

489.171 

2.689460 

46 

487.790 

2.688233 

48 

486.417 

2.687008 

50 

485.051 

2.685788 

52 

483.694 

2.684570 

54 

482.344 

2.683357 

1 56 

481.001 

2.682146 

58 

479.666 

2.680939 

60 

478.339 

2.679735 


D R log; R 
_ 

0' 478.339 2.679735 
2 477.018 2.678535 
4 475.705 2.677338 
6 474.400 2.676145 
8 473.102 2.674954 
10 471.810 2.673767 
12 470.526 2.672584 
14 469.249 2.671403 
16 467.978 2.670226 
18 466.715 2.669052 
20 465.459 2.667881 
22 464.209 2.666713 
24 462.966 2.665549 
26 461.729 2.664387 * 
28 460.500 2.663229 
30 459.276 2.662074 
32 458.060 2.660922 
34 4.56.850 2.659773 ' 
36 455.646 2.658628 
38 454.449 2.657485 
40 453.259 2.656345 
42 452.073 2.655208 
44 450.894 2 654075 
46 449,722 2.652944 
48 448.556 2.651816 
SO 447.395 2.650691 
52 446.241 2.649570 
54 445.093 2.648451 
56 443.951 2.647335 
58 442.814 2.646221 
13° 

0' 441.684 2.645111 
2 440.559 2.644004 
4 439.440 2.642899 
6 438.326 2.641798 
8 437.219 2.640699 
10 436.117 2.639603 
12 435.020 2.638510 
14 433.929 2.637419 
16 432.844 2.636331 
18 431.764 2.635246 1 
20 430.690 2.634164 
22 429.620 2.633085 
24 428.557 2.632008 
26 427.498 2.630934 
28 426.445 2.629863 
30 425.396 2.628794 
32 424.354 2.627728 
34 423.316 2.626665 
36 422.283 2.625604 
38 421.256 2.624546 
40 420.233 2.623490 
42 419.215 2.622437 
44 418.203 2.621387 
46 417.195 2.620339 
48 416.192 2.619294 
50 415.194 2.618251 
52 414.201 2.617211 I 
54 413.212 2.616173 
56 412.229 2.615138 
58 411.250 2,614106 
60 410.275 2.61307S 






CUEV EADil AND TIIEIK LOOS. B = SO/slll (D/2). 


0' 410.275 2.613075 
2 409.306 2.612048 
4 408.341 2 611023 
6 407.380 2.610000 
8 406.424 2.608980 
10 405.473 2.607962 
12 404.526 2.606946 
14 403.583 2.605933 
I 16 402.645 2.604923 
/ 18 401.712 2.603914 

1 20 400.782 2.602908 
/ 22 399.857 2.601905 
I 24 398.937 2.600904 
I 26 398.020 2.599905 
/ 28 397.108 2.598908 . 
I 30 396.200 2.597914 

I 32 395.296 2.596922 I 
I 34 3f^4.396 2.595933 I 
f 36 393.501 2.594945 I 
38 392.609 2.593960 I 
40 391.722 2.592978 I 
42 390.838 2.591997 
44 389.959 2.591019 
46 389.084 2 590043 
48 388.212 2.589069 
SO 387.345 2.S88097 
52 386 481 2.587128 
54 385.621 2.586161 
56 384 765 2.S85196 
58 383.913 2.584233 
15 “ 

0' 383.065 2.583272 

2 382.220 2.582314 
4 381.380 2.581358 
6 380.543 2.580403 
8 379.709 2.579451 

10 378.880 2.578501 
12 378.054 2.577553 
14 377.231 2.576608 
16 376.412 2.575664 
18 375.597 2.574722 
20 374.786 2.573783 
22 373.977 2.572845 
24 373.173 2.571910 
26 372.372 2.570977 
28 371.574 2.570045 
30 370.780 2.569116 
32 369.989 2.568189 
34 369.202 2.567264 
36 368.418 2.566340 
38 367.637 2.565419 
40 366.859 2.564500 
42 366.085 2.563582 
44 365.315 2.562667 
46 364.547 2.561754 
48 363.783 2.560843 
SO 363.022 2.559933 
52 362.264 2.559026 
54 361.510 2.558120 
56 360.758 2.557216 
58 360.010 2 556315 
60 359.265 2.555415 


0' 359.265 2.555415 
2 358.523 2.554517 
4 357 784 2.553621 
6 357 048 2.552727 
8 356.315 2.551834 
10 355.585 2.550944 
12 354.S.=;y 2.550055 
14 354 135 2 549169 
16 353 414 2 548284 
18 352.696 2.547401 
20 351.981 2 546519 
22 351.269 2.545640 
24 350 560 2.544762 
26 349 854 2 54.1887 
f 28 349.150 2.543013 
30 348.450 2.542140 
32 347.752 2.541270 
34 347.057 2.540401 
36 346.365 .2.539535 
38 345.676 2.538670 
40 344.990 2.537806 
42 344.306 2.536945 
44 343.625 2.536085 
46 342 947 2 535227 
48 342.271 2.534370 
50 341.598 2 533516 
52 340.928 2.532663 
54 340.260 2.531811 
56 339.595 2.530962 
58 338.933 2.530114 
17 “ 

0' 338.273 2.529268 
2 337.616 2 528424 
4 336.962 2.527581 
6 336 310 2.526740 
8 335.660 2.525900 
10 335.013 2.525062 
12 334.369 2.524226 
l4 333.727 2.523392 
16 333.088 2.522559 
18 332.451 2.521728 
20 331.816 2.520898 
22 331.184 2.520070 
24 330.555 2.519244 
26 329.928 2.518419 
28 329.303 2.517596 
30 328.681 2.516774 
32 328.061 2.515954 
34 327.443 2.515136 
36 326.828- 2.514319 
38 326.215 2.513504 
40 325.604 2.512690 
42 324.996 2.511878 
44 324.390 2.511067 
46 323.786 2.510258 
48 323.184 2.509451 
SO 322.585 2.508645 
52 321.989 2.507840 
54 321.394 2.507037 
56 320.801 2.506236 
58 320.211 ■ 2.505436 
60 319.623 2.504638 


0' 319.623 2.504638 
2 319.03 7 2.503841 
4 318.453 2.503045 
6 317.871 2.502251 
8 317.292 2.501459 
10 316.715 2.500668 
12 316.139 2.499879 
14 315.566 2.499091 
16 314.993 2.498304 
18 314.426 2.497519 
20 313.860 2.496736 
22 313.295 2.495953 


2. 

/ 312.73. 

? 2.49517. 

26 

; 312.17- 

’ 2. 49439 J 

28 

311.613 

2.493616 

30 

311 056 

2.492839 

32 

.no. 502 

2 492064 

34 

309 949 

2.491291 

36 

309.399 

2 490518 

38 

308.S50 

2.489748 

40 

308.303 

2.488978 

42 

307.759 

2.488210 

44 

307.216 

2.487444 

46 

306.675 

2 486679 

48 

306.136 

2.485915 

50 

305.599 

2.485152 

52 

305.064 

2.484391 

54 

304.531 

2.483632 

56 

304.000 

2.482873 

58 

303.470 

2.482116 

10“ 



0' 

302.943 

2.481361 

2 

302.417. 

2.480607 

4 

301.893 

2.479854 

6 

301.371 

2.479102 

8 

300.851 

2.478352 

10 

300.333 

2.477603 

12 

299.816 

2.476855 

14 

299.302 

2 476109 

16 

298.789 

2 475364 

18 

298.278 

2.474621 

20 

297.768 

2.473878 

22 

297.260 

2.473137 

24 

296.755 

2.472398 

26 

296.250 

2.471659 

28 

295.748 

2.470922 

30 

295.247 

2.470186 

32 

294.748 

2.469452 

34 

294.251 

2.468718 

36 

293.756 

2.467986 

38 

293.262 

2.467256 

40 

292.770 

2.466526 

42 

292.279 

2.465798 

44 

291.790 

2.465071 

46 

291.303 

2 464345 

48 

290.818 

2.463621 

SO 

290.334 

2.462897 

52 

289.851 

2.462175 

54 

289.371 

2.461455 

56 

288.892 

2.460735 

58 

288.414 

2.460017 

60 

287.939 

2.459300 



CUEV EADII AND THEIR LOGS. R = 60/sln (D/2). %%% 


D 

20° 0' 
10 
20 
30 
40 

so 

21° 0' 
10 
20 
30 
40 
50 

22 ° 0 ^ 
10 
20 
30 
40 

so 

23° 0' 
10 
20 
30 
40 
SO 

24° 0' 
10 
20 
30 
40 

2&* 0' 
10 
20 
30 
40 

so 

20 ° 0 ' 
10 
20 
30 
40 

so 

27° 0' 
10 
20 
30 
40 

so 

28° 0' 
10 
20 
30 
40 
SO 

29° O' 
10 
20 
30 
40 
SO 


R 

loirR 

287.939 

2.459300 

285.583 

2.455733 

283.267 

2.452195 

280.988 

2.448688 

278.746 

2.445209 

276.541 

2.441759 

274.370 

2.438337 

272.234 

2.434943 

270.132 

2.431576 

268.062 

2.428235 

266.024 

2.424921 

264.018 

2.421633 

262.042 

2.418371 

260.098 

2.415134 

258.180 

2.411922 

256.292 

2.408734 

254.431 

2.405571 

252.599 

2.402431 

250.793 

2.399315 

249.013 

2.396222 

247.258 

2.393151 

245.529 

2.390103 

243.825 

2.387077 

242.144 

2.384074 

240.487 

2.381091 

238.853 

2.378130 

237.241 

2.375190 

235.652 

2.372270 

234.084 

2.369371 

232.537 

2.366493 

231.011 

2.363633 

229.506 

2.360794 

228,020 

2.357974 

226.555 

2.355173 

225.108 

2.352391 

223.680 

2.349627 

222.271 

2.346882 

220.879 

2.344155 

219.506 

2.341446 

218.150 

2.338755 

216.811 

2.336081 

215.489 

2.333424 

214.183 

2.330785 

212.893 

2.328162 

211.620 

2.325556 

210.362' 

2.322967 

209.119 

2.320393 

207.891 

2.317836 

206,678 

2.315295 

205.480 

2.312769 

204.296 

2.310259 

203.125 

2.307764 

201.969 

2.305285 

200.826 

2.302820 

199.696 

2.300370 

198.580 

2.297935 

197.476 

2.295515 

196.385 

2.293108 

195.306 

2.290716 

194.240 

2.288338 


D 

R 

30° 0' 

193.185 

20 

191.111 

40 

189.083 

31° 0' 

187.099 

20 

185.158 

40 

183.258 

32° 0' 

181.398 

20 

179.577 

40 

177.794 

33° 0' 

176.047 

20 

174.336 

40 

172.659 

34° 0' 

171.015 

20 

169.404 

40 

167.825 

o 

o 

166.275 

20 

164.756 

40 

163.266 

30° 0' 

161.803 

20 

160.368 

40 

158.960 

37° 0' 

157.577 

20 

156 220 

40 

154.887 

38° 0' 

153.578 

30 

151.657 

30° 0' 

149.787 

30 

147.965 

40° 0' 

146.190 

30 

144.460 

41° 0' 

142.773 

30 

141.127 

42° 0' 

139.521 

30 

137.955 

43° 0' 

136.425 

30 

134.932 

44° 0' 

133.473 

30 

132.049 

45° 0' 

130.656 

30 

129.296 

40° 0' 

127.965 

30 

126.664 

47° 0' 

125.392 

30 

124.148 

48° 0' 

122.930 

30 

121.738 

40° 0' 

12C.571 

30 

119.429 

50° 0' 

118.310 


loff R 


2.285974 

2.281286 

2.276652 

2.272071 

2.267541 

2.263062 

2.258632 

2.254250 

2.249916 

2.245628 

2.241386 

2.237188 

2.233035 

2.228924 

2.2248S5 

2.220828 

2.216842 

2.212895 

2.208988 

2.205119 

2.201288 

2.197494 

2.193736 

2.190014 

2.186328 

2.180863 

2.175475 

2.170160 

2.164918 

2.159747 

2.154645 

2.149610 

2.144641 

2.139736 

2.134895 

2.130114 

2.125395 

2.120734 

2.116130 

2.111584 

2.107092 

2.102655 

2.098270 

2.093938 

2.089657 

2.085425 

2.081243 

2.077109 

2.073022 
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BAILROADS. 


General Curv Kquationa 

For symbols, see H 3 and 9, pp 875, 876. ' 

30. Pig 10. To avoid undue repetition, one equation is here 
frequently Intended to serv, by Inversion and substitution, for all 
the factors involvd and for others. Thus, from 
M = R vers(A/2), we have, also; — 

A ^ £?cos(A/2) 

R = Jlf /verst A/2 ) ; vers — — — = ; 

2 R Tcot(A/2) 

etc, etc. See i[ 69. , 



A A 

— = H A V; — = II A r = RAY = AY A\ 
2 4 

Fin;. 10. 


Angular Functions 

31. Fig 10. Functloni* of A/2. 

A C T E + M 

2 ~ 2 R ~ RA^ E T 

A R-M M R 

Cos — = = — = 

2 R E R-YE 

T2 _ ('^ — 4 a/* 


ya ^ £TS + 4 

A T E -Y M C/2 

Tan — = — = 

2 R 0/2 R — M 

A M E 

Vers — = 1 — cos — =; — = 

2 2 R R^E 


= sin — X tan — = 2 sin* — 

2 4 4 

A E E - M 

Ezgec — = — = ; 

2 R M 


(17) 

(18) 

(19) 

( 20 ) 
( 21 ) 
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32. Fig 10. Functions of A/4. 



M 

VJ7* + 

(0/2)* 

PH 

VM2 + (0/2)2 

M 

2 

R 

AP 

2R 


(22) 

2M 

j2T-V 

lE-M 

vers(A/2) 

C \2T A C 

be shown to be 

\ E + M 

8in(A/2) 

(23) 


2 R ■\-E 

liincar functions 

33. FIs 10. Relations between R, F and M. 

E + E = Vr- -f E2 (24) 

R - M - V«2^"‘(CV2)* = V(i{ -f~c72) (W'~c72) . . 

E + M = aIt* - (672)® = Vll’ -1- 0/2) (T - V/2). . (26) 

34. FIr 11. Rquations for R, T* F» Y» BF» SI and Mh. 

D = sharpness, in degrees unless otherwise stated. 
r C M E 

tan(A/2) 2sin(A/2) vers (A/2) exsec (A/2) 
T* - E* (C/2)» -1- Af2 EM 

“ 2E ~ 2M ~ E - M ' 

= approx Ri/D = (It for 1° eurv)/D =: approx 572!).0r» ft//> 

= approx C-/SM (see table, p S0:3) (27) 

V — 2 7; sin (A/2) = 2 7’ cos (A/2) 

= 2JI/cot(A/4) - 2^M~{2R~^'mT 

sin(n D/2)* 

- 100 

sin(7J/2) 

sin(A/2) 

= 2 E — approx Vs R M (see table, p 893) . , . (28) 

exsec (A/2) 

C 

T r= Etan(A/2) = 

2 cos(A/2) 

tan(A/2) 

~ M Ecot(A/4) 

vers(A/2) 

= (E + E) sin(A/2) = Ve (2 R + E) 

M + E 

- ^lJc/2j^~:f~(M + E)S = (29) 
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E = ieexsec(A/2) = J’tan(A/4) = JfBec(A/2) 


exsec (A/2) R M 

= /etan(A/2) tan (A/4) = C = 

2sin(A/2) 22 -if 

= approx M (see table, p 893) (30) 



FIk. 11. 


r = Evers A = Osln(A/2) 

= 2Esin2(A/2) = CV2 E =: T stn A 

vers A vers A 

- E = M 

exsec (A/2) vers (A/2) 

7 


= approx (see table, p 893) AM. — — * (31) 

8 

BF - 2Csin(A/4) (31a) 

P2* vers(A/2) 

M = E vers(A/2) = 2Esin*(A/4) = = T 

2E tan(A/2) 

= ((7/2) tan(A/4) = Ecos(A/2) = RE/{R-\-E) 

= E - VE2":r7(7/2)* - E - >/ (E~+ C/2r(«~^^/2) 
= Esin(A/2) X tan(A/4) ; 

= approx (see table, p 893) 41fii = Y/4 = E F/4 

M -A-E CF 7 

= ~ E = = — n*Z)®* (32) 

2 8E 32 
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Mh = 


R vers(A/4) 


1 — cos(A/4) 
1 -cos(A/2) 


approx — (see table, below) 

4 


b1ii»(A/ 8) 
Bin»(A/4) ^ 

(33) 


For side ordinatCf Ms, see j[ 35. 

Multipllera lor ConTertlnp Approximate Values from Equa- 
tions Above to Correct Values. The following table of multipliers 
indicates the degrees of approximation of oiir several approximate 
e<iuntions in 1} 34, and enables us to obtain the correct values from 
them. 

Bxample. Given A = 30“ ; required tlie middle ordinate, M, 
for the entire curv. Here eq (.32) gives, approx, M = BF/A; 
but, in the following table, in the line beginning “(32) 
Jl/ = B P/i'\ and in the coluin headed “A = 30° ”, we find the 
eorrectiv multiplier, l.(K>S8. which gives the true value, 
M — 1,0088 X B F/i = 0 2.522 B F. 


I'Ll 





A 

= 



No. 

ILjuatlon. 

1“ 

10“ 

20“ 

30“ 

60“ 

90“ 1 




To obtain correct values of 

the equations, I 




multiply the approx value by the proper | 





coefficient given below 



M 

^ 4 Mh 

1.0000 

0.9995 

0 9981 

0.9957 

0.9830 

0.9619 

(3?) 

Mu 

- jlf/4 

1.0000 

1.0005 

1.0020 

1.0043 

1.0173 

1.0396 

(31) 

Y 

= 4M 

1.0000 

0.9980 

0.9925 

0.9831 

0.9328 

0.8535 

(32) 

M 

= T/4 

1.0000 

1.0020 

1.0076 

1.0172 

1.0720 

1.1716 

(32) 

M 

= BF/4 

1.0000 

1.0008 

1.0040 

1.0088 

1.0352 

1.0824 

(32) 

M 

- iM-\-E)/2 

1.0000 

0.9980 

0.9924 

0.9826 

0.9282 

0.8284 

(30) 

E 

= M 

1.0000 

1.0038 

1.0154 

1.0353 

1.1.547 

1.4142 

(32) 

M 

^ E 

1.0000 

0.9962 

0.9848 

0.9659 

0.8660 

0.7071 

(27) 

R 

= cvsif 

l.OWO 

1.0019 

1.0076 

1.0173 

1.0718 

1.1716 

(28) 

a 

= i%RM 

1.0000 

0.9981 

0.9925 

0.9830 

0.9330 

0.8535 

(32) 

M 

= CF/%R 

1.0000 

1.0019 

1.0076 

1.0173 

1.0718 

1.1716 

(32) 

M 

7 









32 








for 

H = 1“ 

0.9975 

0.9966 

0.9947 

0.9915 

0.9746 

0.9472 


“ 

/> = 10° 

0.9984 

0.9979 

0.9961 

0.9929 

0.9760 

0.9481 


** 

1) ^ 20“ 

1.0025 

1.0016 

0.9998 

0.9966 

0.9797 

0.9518 

(31. 

y 

7 

- - nm* 

8 








for 

D == 1“ 

0.9974 

0.9949 

0.9873 

0.9747 

0.9095 

0.8085 


U = 10“ 

0.9986 

0.9961 

0.9885 

0.9760 

0.9106 

0.8095 


“ 

1) = 20“ 

1.0024 

0.9999 

0.9922 

0.9798 

0.9141 

0.8126 

(27) 

R 

1 

11 







When 


r)=5“ j 

D=10“ 

©=15“ D=20“ 

qbSS 


1 Mult R^/D by 

1.0003 

miim 

1.0028 

1.0051 

1.0115 

mESm 


*n = number of unit chains In the curv. 
















894 RAILROADS. 

Lonic ChordH, €» In ft. required to subtend from two to eight 
100-ft chaina, for different sharpnesses, D. 

G = 2/esin(A/2) 

F'or table of long-chords to a 1“ curv, for diff sweeps, A. see ^ 40a. 


r 


2 stas 

3 stas 

4 stas 

6 stas 

6 stas 

7 stas 

8 stas 

D 

0 

G 

G 

G 

G 

G 

C 

• 

' 

ft 

it 

ft 

ft 

ft 

ft 

ft 

0 

10 

200.00 

300.00 

400.00 

500 00 

599.99 

699.99 

799 98 


20 

200.00 

300.00 

399 99 

499.98 

599.97 

699.95 

799.93 


30 

200.00 

299.99 

399.98 

499.96 

599.93 

699.89 

799.84 


40 

200.00 

299.99 

399 97 

499 93 

599.88 

699.81 

799.72 


SO 

200.00 

299.98 

399 95 

499.89 

599.82 

699.70 

799.56 

1 

0 

199.99 

299 97 

399.92 

499.85 

599.73 

699.57 

799.36 


10 

199.99 

299.96 

399 90 

499.79 

599.64 

699.42 

799.13 


20 

199.99 

299.95 

399.87 

499.73 

599.53 

699.24 

798.86 


30 

199.98 

299.93 

399.83 

499.66 

599.40 

699.04 

798.56 


40 

199.98 

299 92 

399.79 

499.58 

599.26 

698.82 

798.22 


SO 

199.97 

299.90 

399.74 

499.49 

599.11 

698.57 

797.85 

2 

0 

199.97 

299.88 

399.70 

499.39 

598.93 

698.30 

797.44 


10 

199.96 

299.86 

399.64 

499.29 

598.75 

698.00 

797.00 


20 

199.96 

299.83 

399.59 

499.17 

598.55 

697.68 

796.52 


30 

199.95 

299 81 

399.52 

499.05 

598.34 

697.34 

796.01 


40 

199.95 

299 78 

399.46 

498.92 

598.11 

696.97 

795.46 


so 

199.94 

299.76 

399.39 

498.78 

597.86 

696.58 

794.87 

3 

0 

199.93 

299.73 

399 32 

498.63 

597.60 

696.17 

794.26 


10 

199.92 

299.70 

399.24 

498.47 

597.33 

695.73 

793.60 


20 

199.92 

299 66 

399.15 

498 31 

597.04 

695.27 

792.91 


30 

199.91 

299.63 

399.07 

498.14 

596 74 

694.79 

792.19 


40 

199.90 

299.59 

398.98 

497.96 

596.42 

694.28 

791.43 


so 

199.89 

299.55 

398.88 

497.77 

596.09 

693.75 

790.63 

4 

0 

199.88 

299.51 

398.78 

497.57 

595.74 

693.20 

789.80 


10 

199.87 

299.47 

398.68 

497.36 

595.38 

692.62 

788.94 


20 

199.86 

299.43 

398.57 

497.15 

595.01 

692.02 

788.04 


30 

199.85 

299 38 

398.46 

496.92 

594.62 

691.40 

787.11 


40 

199.83 

299 34 

398.34 

496 69 

594.21 

690.75 

786.14 


SO 

199.82 

299.29 

398.22 

496.45 

593.79 

690.08 

785.14 

5 

0 

199.81 

299.24 

398.10 

496.20 

593.36 

689.39 

784.10 


10 

199.80 

299.19 

397.97 

495.94 

592.91 

688.67 

783.03 


20 

199.78 

299.13 

397.84 

495.68 

592.45 

687.93 

781.93 


30 

199,77 

299 08 

397 70 

495.41 

591.97 

687.17 

780.79 


40 

199.76 

299.02 

397.56 

495.12 

591.48 

686.38 

779.61 


50 

199.74 

298.96 

397 41 

494.83 

590.97 

685.58 

778.41 

6 

0 

199.73 

298.90 

397.26 

494.53 

590.45 

684.75 

777.17 


10 

199.71 

298.84 

397.11 

494.23 

589.91 

1 683.89 

775.89 


20 

199.70 

298.78 

396.95 

493.91 

589.36 

683.02 

774.58 


30 

199.68 

298.71 

396 79 i 

493.59 

588.80 

682.12 

773.24 


40 

199.66 

298,65 

396.62 

493.26 

588.22 

I 681.20 

771.86 


so 

199.64 

298.58 

396.45 

492.92 

587.63 

680.25 

770.46 

7 

0 

199.63 

298.51 

396.28 

492,57 

587.02 

679.29 

769.01 


10 

199.61 

298.44 

396.10 

492.21 

586.40 

678.30 

767.54 


20 

199.59 

298.36 

395.92 

491.85 

585.77 

1 677.28 

766.03 


30 

199.57 

298.29 

395.73 

491.47 

585.12 

676.25 

764.49 


40 

199.55 

298.21 

395.54 

491.09 

584.45 

675.19 

762.92 


50 

199.53 

298.13 

395.34 

490.70 

583.77 

674.12 

761.31 
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Iionff Chords, C, fn ft, required to subtend from two to eight 
lOO'ft chains, for different sharpnesses, D. 

C = 2Rsln(A/2) 

For table of long-chords to a 1“ curv, for diff sweeps, A» H 40tt. 

(Continued) 



2 Stas 

3 Stas 

4 stas 

5 stas 

6 stas 

7 stas 

8 stas 

1) 

(1 

C 

G 

G 

G 

0 

G 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

i 0 

199 5l'’ 

298.05 

395.14 

490^31 

583.08 

673.02 

759.67 

10 

199 49 

297.97 

394 94 

489.90 

582.38 

671.89 

758.00 

20 

199.47 

297.89 

394.73 

489.49 

581.65 

670.75 

756.30 

30 

199.45 

297.80 

394.52 

489.06 

580.92 

669.58 

754.56 

40 

199.43 

297.72 

394.30 

488.63 

580.17 

668.39 

752.79 

50 

199.41 

297.63 

394.08 

488.20 

579.41 

667.18 

750.99 

J 0 

199.38 

297.54 

393.86 

1 487.75 

578.63 

665.95 

749.16 

10 

199.36 

297.45 

393 63 

487.29 

577.84 

664.70 

747.30 

20 

199.34 

297.35 

393.40 

486.83 

577.04 

663.42 

745.40 

30 

199.31 

297.26 

393 16 

486.36 

576.22 

662.12 

743.48 

40 

199.29 

297.16 

392.92 

485.88 

575.39 

660.81 

741.52 

SO 

199.26 

297.06 

392.67 

485.40 

574.55 

659.47 

739.54 

) 0 

199.24 

296.96 

392.42 

484.90 

573.69 

658.11 

737.52 

10 

199.21 

296.86 

392 17 

484.40 

572.81 

656.72 

735.47 

20 

199.19 

296.76 

391.91 

483.89 

571.93 

655.32 

733.39 

30 

199.16 

296.65 

391 65 

483.37 

571.03 

653.90 

731.28 

40 

199 13 

296.54 

391.39 

482.84 

570.11 

652.45 

729.14 

^50 

199.11 

296.44 

391.12 

482.31 

569.19 

650.98 

726.97 

t 0 

199.08 

296.33 

390.84 

481.76 

568.25 

649.50 

724.77 : 

10 

199.05 

296.21 

390.57 

481.21 

567.29 

647.99 

722.54 

20 

199.02 

296.10 

390.28 

480.65 

566.32 

646.46 

720.28 

30 

198.99 

295.99 

390.00 

480.09 

565.34 

644.91 

717.99 

40 

198 96 

295.87 

389.71 

479.51 

564.35 

643.34 

715.67 

SO 

198.94 

295.75 

389.41 

478.93 

563.34 

641.75 

713.33 

5 0 

198.90 

295.63 

389.12 

478.34 

562.32 

640.14 

710.95 

10 

198.87 

295.51 

388.81 

477.74 

561.29 

638.51 

708.55 

20 

198.84 

295.38 

388.51 

477.14 

560.24 

636.86 

706.11 

30 

198.81 

295.26 

388.20 

476.52 

559.18 

635.19 

703.65 

40 

198.78 

295.13 

387.88 

475.90 

558.11 

633.50 

701.16 

50 

198.75 

295.00 

387.57 

475.27 

557.02 

631.79 

698.65 

5 0 

198.71 

294.87 

387,24 

474.63 

555.92 

630.06 

696.10 

10 

198.68 

294.74 

386.92 

473.99 

554.81 

628.31 

693.53 

20 

198.65 

294.61 

386.59 

473.34 

553.68 

626.54 

690.93 

30 

198.61 

294.47 

386.25 

472 68 

552.55 

624.76 

688.31 

40 

198.58 

294.34 

385.91 

472.01 

551.40 

622.95 

685.65 

50 

198.54 

294.20 

385.57 

471.33 

550.23 

621.12 

682.97 

\ 0 

198.51 

294.06 

385.23 

470.65 

549.06 

619.28 

680.27 

10 

198.47 

293.92 

384.88 

469.96 

547.87 

617.41 

677.54 

20 

198.44 

293.77 

384.52 

469.26 

546.67 

615.53 

674.78 

30 

198.40 

293.63 

384.16 

468.55 

545.45 

613.63 

671.99 

40 

198.36 

293.48 

383.80 

467.84 

544.23 

611.71 

669.18 

so 

198.33 

293.34 

383.44 

467.12 

542.99 

609.77 

666.35 

) 0 

198.29 

293.19 

383.07 

466.39 

541.74 

607.81 

663.49 

10 

198.25 

293.03 

382.69 

465.65 

540.47 

605.84 

660.60 

20 

198.21 

292.88 

382.31 

464.91 

539.20 

603.84 

657.69 

30 

198.17 

292.73 

381.93 

464.16 

537.91 

601.83 

654.76 

40 

198.13 

292.57 

381.55 

463.40 

536.61 

599.80 

651.80 

SO 

198.09 

292.41 

381.16 

462.64 

535.30 

597.75 

648.82 
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EAILEOADS. 


Long: Chords, C, in ft, required to giibtend from two to eight 
100-ft chains, for different sharpnesses, D. 

G = 2/Jsin(A/2) 

For table of long-chords to a 1“ curv, for diff sweeps, A. see H 40a. 


(Concluded) 



2 stag 

3 Stas 

4 stas 

5 stas 

6 stas 

7 stas 

8 stas 

D 

G 

"o 

G 

0 

a 

G 

G 

0 , 

ft 

_ ft _ _ 

ft 

ft 

ft 

ft 

ft 

16 0 

198 05 

292.25 

380.76 

461.86 

533.97 

595-69 

645.81 

10 

198.01 

292.09 

380 37 

461.08 

532.64 

593.61 

642 78 

20 

197.97 

291.93 

379.96 

460.29 

531.29 

591.51 

639.73 

30 

197.93 

291.76 

379.56 

459.50 

529 93 

589.39 

636.65 

40 

197 89 

291.60 

379 15 

458.70 

528 56 

587.25 

6.13.55 

SO 

197.85 

291.43 

378.74 

457.89 

527.17 

585.10 

630.43 

17 0 

197 80 

291.26 

378 32 

457.07 

525 78 

582 93 

627.28 

10 

197.76 

291 09 

377 90 

456 24 

524 37 

580 75 

624 12 

20 

197.72 

290.92 

377.48 

455.41 

522.95 

578.55 

620 93 

30 

197.67 

290.74 

377.05 

454.57 

521.52 

576.33 

617 72 

40 

197.63 

290.57 

376.62 

453.73 

520 08 

574 09 

614 49 

SO 

197.S8 

290.39 

376.18 

452.88 

518.63 

571.84 

611 23 

18 0 

197 54 

290 21 

375.74 

452.02 i 

517.16 1 

569.57 

607.96 

10 

197.49 

290 03 

375.30 1 

451.15 i 

515.69 

567.29 

604 66 

20 

197.45 

289.85 

374.85 

450.37 

514 20 ' 

564.99 

60135 

30 

197.40 

289.67 

374.40 

449.39 

512 70 

.562.67 

i 598 01 

40 

197.35 

289.48 

373.94 

448.50 

511 19 

560.34 

1 594.66 

so 

197.31 

289.29 

373.48 

447.61 j 

509.67 

558.00 

i 591.28 

19 0 

197.26 

289.10 

373.02 

446.71 * 

508 14 

555.63 1 

587.89 

10 

197.21 

288.91 

372 55 

445.80 

1 506 60 ‘ 

553.26 

' 584.48 

20 

197 lb 

288.72 

372.08 

444.88 

1 505.04 

550 86 

1 581.04 

30 

197 n 

288 S3 

371.61 

443.96 

503.48 

548.46 

! 577 59 

40 

197.06 1 

288.33 1 

371.13 1 

443.03 1 

501 91 

546.04 

1 574 12 

SO 

197.01 

288.14 

370.65 

442.09 

1 500.32 

543.60 ( 

570 63 

20 0 

196 96 

i 287.94 ' 

1 370.17 ' 

1 441.15 

1 498 72 ' 

i 541.15 ' 

1 567.13 


35. Side ordinate, Mx. Fig 12. 


Mb = + if - = V /;2 _ 0 ?* _ /e cos (A/2) . . (.M) 


= approx n 6/2 /? (see table, below) {.'’5) 

where a and 6 are the two segments of the chord, G, 

— apnrox AMab/C'^ (sec table, below) (IlO) 


When 0 = 100ft i~ r; A = 1^). (20) becomes: — 




approx 


m a 1) 
2500 


VI 

rz n[)prox — - 
0 25 


a 1) 

. ....(37) 

100 100 


or, since in that case, B F 
= approx 4 VI, we have, for 

Mb = approx B F . 


( - “tangntl dist”) = 200 sin (D/4) 
any curv and for any value of 0 : — 
a 6 B F’ a h 

100 ’ 100 ~ 10,000 


See table p 803, using coeffs for R ~ G^/S M. Thus, for A = 00% 
Mx = 1.0718 B F • a ‘ 6/10,000. 

Jif* = approx D X Hi (see table, below) (30) 

where D = the sharphess of the given curv. and Mi = the side 
ord for a 1“ curv, at the given dist, x, from Its mid ord, M, on an 
equal chord, 0. 






ORDINATES. 


»y7 


CoefilctentM for the foreKolii}? approximate equations for side 
ordinates, Mt. 

The following table of multipliers indicates the degree of aj^ 
proximation of our several approximate equations in H 35, and 
enables us to obtain the correct values from them. 

Elxample. Given A = 20“, and x/C = 1/4 ; required the ordi- 
nate, Mx, dlst w from the mid ord, M. Here eq (35) gives, 
approx, Mx = ah/tiR; but, in the following table, in the line 
beginning “(35) Mx = ab/2R’’, and in the column headed 
"A == 20“, x/C = 1/4,” we find the correctiv multiplier, 1.0096- 
which gives the true value, Mx ~ 1.009C a b/2 R — 0.5048 a h/R. 



FIb. 12. 


K(l. 

-No Equation. 


A = 10“ 

A = 20“ 

x/C = 

x/0 = 



Mx - nh/2R 

1.0024 

( 36 ) 

(37) 

Ms - 4 Mah/r- 
mx = 7Mfl ft/2500 

1.0005 

i30) 

Ms = D X il/i 

0.9905 



1 0024 

1 .0012 
0.0965 



1.0128 

1.0094 

1 .0051 

1.0076 

1 0064 

1.0053 


36. For that portion of a cu^ 
e, or unit arc, a, (sweep, A. — 
of K 11 34, 35, 


which is subtended by a chalni 
sharpness, D), use the equations 


substituting D, 1, c, vi, ms, r, y and mh 

for A. T, C, M, Mx, E, Y and Mh respectivly. 
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RAILROADS. 


Middle Ordinatect, m. In ft, to 100 -ft chain , for different sharp * 

nesses. D. 


0.000 

0.218 

0.436 

0.654 

0.872 

1.091 

1.309 

1.528 

1.746 

1.965 

0.004 

0.222 

.0.440 

0.658 

0.876 

1.094 

1.313 

1.531 

1.749 

1.968 

0.007 

0.225 

0.444 

0.662 

0.880 

1.098 

1.317 

1.535 

1.753 

1.972 

0.011 

0.229 

0.447 

0.665 

0 883 

1.102 

1.320 

1.539 

1.756 

1.975 

0.015 

0.233 

0.451 

0.669 

0.887 

1.105 

1.324 

1.543 

1.761 

1.979 

0.018 

0.236 

0.454 

0.673 

0.891 

1.109 

1.327 

1.5^6 

1.764 

1.983 

0.022 

0.240 

0.458 

0.676 

0.894 

1.112 

1.331 

1.550 

1.768 

1.987 

0.025 

0.244 

0.462 

0.680 

0 898 

1.116 

1.335 

1.553 

1.771 

1.990 

0.029 

0.247 

0.465 

0.684 

0.902 

1.120 

1.338 

1.557 

1.775 

1.994 

0.033 

0 251 

0.469 

0.687 

0.905 

1.123 

1.342 

1.561 

1.778 

1.998 

0.036 

0.255 

0.473 

0.691 

0.909 

1.127 

1.346 

1.564 

1.782 

2.001 

0.040 

0.258 

0.476 

0 694 

0 912 

1.131 

1.349 

1.568 

1.786 

2.005 

0.044 

0.262 

0.480 

0.698 

0.916 

1.134 

1.353 

1.572 

1.790 

2.008 

0 047 

0 265 

0.484 

0.702 

0.920 

1 138 

1.356 

1.575 

1.793 

2.012 

0.051 

0.269 

0.487 

0.705 

0.923 

1.142 

1.360 

1.579 

1.797 

2 016 

0.055 

0.273 

0 491 

0.709 

0.927 

1.146 

1 364 

1.582 

1.801 

2.019 

0.058 

0.276 

0.494 

0.713 

0.931 

1.149 

1.368 

1.586 

1.804 

2.023 

0.062 

0 280 

0.498 

0 716 

0 934 

1.153 

1.371 

1.590 

1.807 

2 026 

0.065 

0.284 

0.502 

0 720 

0.938 

1.157 

1.375 

1.593 

1.811 

2 030 

0.069 

0.287 

0.505 

0.723 

0.942 

1.160 

1.378 

1.597 

1.815 

2 034 

0.073 

0.291 

0.509 

0.727 

0.945 

1.164 

1.382 

1.600 

1.819 

2.037 

0.076 

0 295 

0.513 

0.731 

0.949 

1.168 

1.386 

1.604 

1.822 

2.041 

0.080 

0.298 

0.516 

0.734 

0.952 

1.171 

1.389 

1.608 

1.826 

2.045 

0.084 

0.302 

0 520 

0.738 

0.956 

1.175 

1.393 

1.611 

1 829 

2 048 

0.087 

0.305 

0.524 

0.742 

0.960 

1.179 

1.397 

1.615 

1 833 

2.052 

0.091 

0 309 

0.527 

0.745 

0.963 

1.182 

1.400 

1.619 

1 837 

2.056 

0.095 

0.313 

0.531 

0.749 

0.967 

1.186 

1.404 

1 623 

1.840 

2.060 

0.098 

0.316 

0 53< 

0.753 

0.971 

1.190 

1.407 

1 626 

1 844 

2.063 

0.102 

0.320 

0.538 

0 756 

0.974 

1.193 

1.411 

1.630 

1 848 

2.066 

0.105 

0 324 

0.542 

0.760 

0.978 

1.197 

1.415 

1.633 

1.851 

2.070 

0.109 

0.327 

0.545 

0,763 

0.982 

1.200 

1.418 

1.637 

1.855 

2.074 

0.113 

0.331 

0 549 

0.767 

0.985 

1.204 

1.422 

1.641 

1.858 

2 077 

0.116 

0.335 

0.553 

0.771 

0.989 

1.208 

1.426 

1 644 

1.862 

2 081 

0.120 

0 338 

0.556 

0.774 

0.993 

1.211 

1.429 

1.648 

1.866 

2.084 

0.124 

0.342 

0.560 

0.778 

0.996 

1.215 

1.433 

1.651 

1.869 

2.088 

0.127 

0.345 

0 564 

0.782 

1.000 

1.218 

1 437 

1 655 

1.873 

2 092 

0.131 

0.349 

0.567 

0.785 

1.003 

1.222 

1.440 

1 6.59 

1 877 

2.0% 

0.135 

0 353 

0.571 

0.789 

1.007 

1.226 

1.444 

1 662 

1.880 

2.099 

0.138 

0.356 

0.574 

0.793 

1.011 

1.229 

1.447 

1.666 

1 884 

2.103 

0.142 

0.360 

0.578 

0.796 

1.014 

1.233 

1.451 

1.670 

1.887 

2.106 

0.145 

0.364 

0.582 

0.800 

1.018 

1.237 

1.455 

1.673 

1.892 

2.110 

0.149 

0.367 

0.585 

0.803 

1.022 

1.240 

1.458 

1.677 

1.895 

2.113 

0.153 

0.371 

0.589 

0.807 

1.025 

1.244 

1.462 

1 680 

1 899 

2.117 

0.156 

0.375 

0.593 

0.811 

1.029 

1.247 

1.466 

1.684 

1.903 

2.121 

0.160 

0.378 

0.596 

0.814 

1.032 

1.251 

1.469 

1.688 

1.906 

2.125 

0.164 

0.382 

0.600 

0.818 

1.036 

1.255 

1.473 

1.691 

1.910 

2.128 

0.167 

0.385 

0.604 

0.822 

1.040 

1.258 

1.476 

1.695 

1.914 

2.132 

0.171 

0.389 

0.607 

0.825 

1 043 

1.262 

1.480 

1.699 

1.918 

2.135 

0.174 

0.393 

0.611 

0.829 

1.047 

1.266 

1.484 

1.702 

1.921 

2.139 

0.178 

0.396 

0.614 

0.832 

1.051 

1.269 

1.487 

1.706 

1.924 

2.142 

0.182 

0.400 

0.618 

0.836 

1.054 

1.273 

1.491 

1.710 

1.928 

2.147 

0.185 

0.404 

0.622 

0.840 

1.058 

1.277 

1.495 

1.713 

1.932 

2.150 

0.189 

0 407 

0.625 

0.843 

1.062 

1.280 

1.498 

1.717 

1.935 

2.154 

0.193 

0.411 

0.629 

0.847 

1.065 

1.284 

1.502 

1.720 

1.939 

2.158 

0.196 

0.414 

0.633 

0.851 

1.069 

1.288 

1.505 

1.724 

1.943 

2.161 

0.200 

0.418 

0.636 

0.854 

1.073 

1.291 

1.510 

1.728 

1.946 

2.165 

0.204 

0.422 

0.640 

0.858 

1.076 

1.295 

1.513 

1.731 

1.950 

2.168 

0.207 

0.425 

0.644 

0.862 

1.080 

1.298 

1.517 

1.735 

1.953 

2.172 

0.211 

0.429 

0.647 

0.865 

1.083 

1.302 

1.520 

1.739 

1.957 

2.175 

0.215 

0.433 

0.651 

0.869 

1.088 

1.306 

1.524 

1.742 

1.961 

2.179 







0 8.816 9.041 9.267 9.493 9.719 9.946 10.173 10.400 10.628 10.856 

30 8.929 9.1S4 9.380 9.606 9 832 10.059 10.286 10.516 10.742 10.970 

60 9.041 9.267 9.493 9.719 9.946 10.173 10.400 10.628 10.856 11.085 
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RAILROADS. 


Side ordinates, m>. In ft, 5 ft apart, to lOO-ft chain. 

m, = “Vie* - - Rcos(D/2); 

r = dlst, in ft, of side ordinate from middle ordinate. 






SIDE OEDINATES, 


901 


Side ordtnateii, me. In ft, 5 ft apart, to 100-ft chain. 
(Concluded) 

u - - ic- - E cos (D/2); 

= dist, in ft, of side ordinate from middle ordinate. 


.864 

.839 

.794 

.734 

.655 

.559 

.445 

.314 

.166 

.900 

.874 

.827 

.764 

.682 

.582 

.464 

.327 

.173 

.936 

.909 

.860 

.795 

.709 

.606 

.482 

.340 

.179 

.972 

.944 

.893 

.825 

.736 

.629 

.501 

.354 

.186 

1.008 

.979 

.926 

.855 

.764 

.652 

.519 

.367 

.193 

1.044 

1.014 

.959 

.886 

.791 

.676 

.538 

.380 

.199 

1.080 

1.048 

.993 

.917 

.818 

.699 

.557 

.393 

.207 

1.116 

1.083 

1.026 

.947 

.845 

.722 

.576 

.406 

.214 

1.152 

1.118 

1.058 

.978 

.872 

.746 

.594 

.419 

.220 

1.188 

1.153 

1.092 

1.009 

.900 

.769 

.613 

.432 

.228 

1.224 

1.188 

1.124 

1 039 

.927 

.792 

.631 

.445 

.235 

1.260 

1.223 

1.157 

1.070 

.954 

.816 

.649 

.458 

.241 

1.296 

1.258 

1.191 

1 100 

.982 

.839 

.668 

.472 

.248 

1.332 

1.293 

1.224 

1.130 

1.009 

.862 

.686 

.485 

.255 

1.368 

1.328 

1.256 

1 161 

1.036 

.886 

.705 

.498 

.262 

1.404 

1.362 

1 290 

1 192 

1.064 

.909 

.724 

.511 

.269 

1.440 

1.397 

1 323 

1.222 

1.091 

.932 

.742 

.524 

.276 

1.476 

1.432 

1.355 

1.253 

1.118 

.956 

.761 

.537 

.283 

1.512 

1.467 

1.389 

1.284 

1.146 

.979 

.779 

.551 

.290 

1 548 

1 502 

1 422 

1 314 

1.173 

1 002 

.798 

.564 

.297 

1 584 

1.537 

1.454 

1.345 

1.200 

1.026 

.816 

.576 

.304 

1.620 

1.572 

1 488 

1 375 

1 228 

1 048 

.835 

.590 

311 

1.656 

1.607 

1.521 

1.405 

1.255 

1.071 

.854 

.603 

318 

1.692 

1.641 

1.553 

1.436 

1.282 

1.095 

.872 

.616 

.324 

1 728 

1.677 

1.587 

1.467 

1.310 

1.118 

.891 

.629 

.332 

1 836 

1 782 

1 687 

1 559 

1 392 

1 188 

.946 

.669 

.353 

1.944 

1.886 

1 787 

1 651 

1.474 

1.258 

1 002 

.708 

.373 

2.052 

1.991 

1.887 

1.742 

1.556 

1.328 

1.057 

.748 

.394 

2.161 

2.096 

1 <)87 

1.834 

1.637 

1.398 

1 114 

.787 

.415 

2.269 

2.201 

2.087 

1.926 

1.719 

1.468 

1.170 

.827 

.436 

2.377 

2.306 

2 186 

2.018 

1.802 

1.538 

1.226 

.866 

.457 

2.486 

2.411 

2.286 

2.110 

1.884 

1.609 

1.282 

.906 

.478 

2.594 

2.516 

2 386 

2.203 

1.967 

1 680 

1.339 

.946 

.499 

2.703 

2.621 

2.485 

2.295 

2.049 

1.750 

1.395 

.985 

.520 

2.811 

2.726 

2 585 

2.387 

2.132 

1.820 

1 451 

1.025 

.541 

2.920 

2.832 

2.685 

2.479 

2.214 

1.891 

1.507 

1.065 

.562 

3.028 

2 937 

2.785 

2.571 

2.297 

1.961 

1.564 

1.105 

.583 

3.136 

3.042 

2.884 

2.664 

2.379 

2.031 

1.620 

1.144 

.604 

3.245 

3.147 

2.984 

2.756 

2.462 

2 102 

1.676 

1.184 

.625 

3.354 

3.252 

3.084 

2 848 

2.544 

2.172 

1.732 

1.224 

.646 

3.462 

3.358 

3.184 

2.941 

2.627 

2.243 

1.789 

1.264 

.667 

3.680 

3.569 

3.384 

3.125 

2.792 

2.384 

1.902 

1.344 

.709 

3.897 

3.779 

3.584 

3 310 

2.958 

2.525 

2.014 

1.424 

.751 

4.115 

3.990 

3.784 

3.495 

3.123 

2.666 

2.127 

1.504 

.793 

4.332 

4.201 

3 984 

3.680 

3.288 

2 808 

2.240 

1.583 

.836 

4.768 

4.624 

4.386 

4.050 

3.620 

3.093 

2.467 

1.744 

.922 

5.204 

5.048 

4.789 

4.423 

3.952 

3.379 

2.695 

1.905 

1.008 

5.642 

5.473 

5.192 

4.798 

4.286 

3.665 

2.924 

2.068 

1.094 

6.079 

5.898 

5.595 

5.171 

4.622 

3.952 

3,154 

2.232 

1.181 

6.517 

6.323 

5.999 

5.544 

4.958 

4.239 

3.385 

2 396 

1.268 

6.957 

6.751 

6.406 

5.922 

5.297 

4.530 

3.619 

2.565 

1.356 

7.398 

7.179 

6.813 

6.300 

5.637 

4.822 

3.854 

2.733 

1.445 

7.841 

7.609 

7.222 

6.679 

•S.978 

5.115 

4.090 

2.901 

1.535 

8.286 

8.041 

7.633 

7.060 

6.320 

5.410 

4.327 

3.069 

1.626 

8.731 

8.474 

8.044 

7.442 

6.663 

5.705 

4.565 

3.238 

1.718 
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EAILROADS. 


37. Ratio, Q, of arc to ohord. FIr. 9. In any circular curv, 
of radius E, and sweep Ai we have (see (128) : — 

TT R 

Eq (6) length, La, of arc, — . A“ ; and 

180 

Eq (28) long chord, C, — 2 7f sin(A/2). 

Hence, for the ratio, Q, betw arc, La, and chord, C, we have : — 
La TT A° 

g = = . ; (40) 

C 360 Bin(A/2) 


where TT = 3.14159.,.; 

ir/360 0.008 726 647 ; 

360/7r = 114.5916; 

log TT = 0.497 1499 

log (TT/aOO) = 7.940 8474: 

log(360/ir) = 2.059 1526. 

Hence 0 i.s a function of A* 


FIk. 0. (Repeated) 



arc 

Valuea of 4 zr . 

chord 


Note that g — 1 increases a little faster than A®- 


A 

Q 

A 

Q 

A 

g 

A 

Q- 

1 

1.000013 

16 

1 003257 

31 

1.012302 

46 

1.027371 

2 

1.00(K)51 

17 

1.003678 

32 

1.013116 

47 

1.028598 

3 

1.000115 

18 

1.004124 

33 

1.013957 

48 

1.029853 

4 

1.000203 

19 

1.004597 

34 

1.014825 

49 

1.031137 

5 

1.000317 

20 

1 005095 

35 

1.015719 

50 

1.032450 

6 

1.000457 

21 

1.005619 

36 

1.016641 

51 

1.033792 

7 

1.000622 

22 

1.006170 

37 

1.017.590 

52 

1.035163 

8 

1.000813 

23 

1.006746 

38 

1.018.566 

53 

1.036563 

9 

1.001029 

24 

1.007349 

39 

1.019569 

54 

1.037993 

10 

1.001271 

25 

1.007977 

40 

1.020600 

55 

1.039452 

11 

1.001537 

26 

1.008632 

41 

1.0216.59 

56 

1.040941 

12 

1.001830 

27 

1.009313 

42 

1.022745 

57 

1.042460 

13 

1.002148 

28 

1.01 0021 

43 

1.023860 

58 

1.044009 

14 

1.002492 

29 

1.010755 

44 

1 .025002 

59 

1.045588 

15 

1.002862 

30 

1.011515 

45 

1.026172 

60 

1.047198 


38. Fig 5 y. Value of 0 ( = arc/chord) in the case of the unit 
chain, c, or unit arc, a' (where sweep, Ai = sharpness, D or D\) 


l)° = central angle subtended by unit chain, c, 

and by the corresponding arc, a; 
71'“ =r central angle subtended by unit arc, ft', 

and by the corresponding chord, c'. 
Then, from eq (40), we have, by substitution: — 
a V D° 

Q - = X 

0 300 sin (D/2) 

o' V D'“ 



ARCS AND CHORDS. 
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39. *ApproxImately ; — 

0 = La i 1 — \ ; and c = all — V.(42) 

\ 24 / V 24 / 

(See Ranklne, Civil Engng, pl04) When A = 50“, this makes 
V only 0.031 per cent too short. 



Fig. 13. 


Compariaons of Curvs. 

40. Fig 13 Comparison hetw two curvs of plven Rweep, A* 
Ratios lietw corresponding linear functiona. Let F represent a 
linear function (as the radius, R, the arc, A B (.4), the semitan, T, 
etc) of one of two given curvs of equal sweep, A. but of different 
sharpness, 1), and let F' represent the corresponding function, (as 
R'j, A'B'iA'), T, etc) of the other curv. Then, from similar, 
triangles, we have ; — 

F/F' = R/W = C/C = A/A' = T/r, etc; 

or F' = FR'/F := FC’/G, etc ; 

F = F'R/R' = F'C/C', etc (43) , 

Thus, let G be a unit chain of 100 ft, and let C' = 200 ft. Then, 
for instance, M' = MC'/G = 2M; R' — 2 R; etc; 

sin (D72) _ 50 R _ R 

sin (D/2) “ R'’ 50 " R' ’ 

Note that, with given sweep. A, the sharper curv has the shorter 
linear functions. Compare H 43 
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Functions of a 1° Curr. 

40n. Figs 1 and 11. Table of Functions, Fj ( Semitangenta, Tj ; 
External Distances, Ei", and Long Chords, Ci) ; to a*l® curv, for 
different sweeps, A- 

Ti = ieitan(A/2); := Fi exsec (A/2) ; <\ = 2FiSin(A/2). 

For the correspondinier function, F (T, E or C) of a curv 
of any other sharpness, D°, we have approximately 
F = Fi/D“. 



Diagram of Corrections 

Corrections, in feet, to be added to approximate curv functions, 
F (Semitangent, T; External Distance, E; and Long Chord, G) for 
a D® curv, as found by dividing the corresponding I"* curv function. 
Fa, of Table, pp 905-908, by D in degi*ees. 

Light solid curve give values to be added for seraltangents, T; 
Light dotted curve give values to be added for external dists, E. 
Heavy solid curvs ^ve values to be added for long chords, 0. 



Tx, ft. 

Bi, ft. 

Cl, ft. 

50.00 

0.218 

100.00 

58.34 

0.297 

116.67 

66.67 

0.388 

133.33 

75.01 

0 491 

150.00 

83.34 

0.606 

166 66 

91.68 

0.733 

183.33 

100.01 

0.873 

199.99 

108 35 

1.024 

216.66 

116.68 

1.188 

233 32 

125 02 

1.364 

249.98 

133.36 

1.552 

266 65 

141.70 

1.752 

283.31 

150 04 

1.964 

299.97 

158 38 

2 188 

316.63 

166.72 

2 425 

333 29 

175.06 

2.674 

349.95 

183.40 

2 934 

366.61 

191.74 

3.207 

383 27 

200 08 

3.492 

399 92 

208.43 

3 790 

416.58 

216.77 

4.099 

433.24 

225.12 

4 421 

449.89 

233 47 

4 755 

466 54 

241.81 

5.100 

483.20 

250.16 

5.459 

499 85 

258 51 

5 829 

516 50 

266.86 

6.211 

5.U.15 

275.21 

6 606 

549.80 

283 57 

7.013 

566 44 

291.92 

7.432 

583.09 

300 28 

7.863 

599.73 

308 64 

8.307 

616.38 

316.99 

8.762 

633.02 

325.35 

9.230 

649.66 

333.71 

9 710 

666 30 

342.08 

10.202 

682.94 

350.44 

10.707 

699.57 

358.81 

11.224 

716.21 

367 17 

11.753 

732.84 

375.54 

12 294 

749.47 

383.91 

12.847 

766.10 

392.28 

13.413 

782.73 

400 66 

13.991 

799.36 

409.03 

14 582 

815 99 

417.41 

15.184 

832 61 

4J5 79 

1 5 799 

849 23 

434.17 

16.426 

865.85 

442.55 

17.066 

882.47 

450.93 

17.717 

899 09 

459 32 

18.381 

915 70 

• 467 71 

19.058 

932 31 

476.10 

19.746 

948 92 

484 49 

20.447 

965.53 

492.88 

21.161 

982 14 

501.28 

21.886 

998.74 

509 68 

22.624 

1015.35 

518.08 

23.375 

1031.95 

526.48 

24.138 

1048 54 

534.89 

24.913 

1065.14 

543.29 

25.700 

1081.73 

551.70 

26.500 

1098.33 


Ti, ft. 

Bi, ft. 

Cl, ft. 

551.70 

26.500 

1098.3 

560.11 

27.313 

1114.9 

568.53 

28.137 

1131.5 

576.95 

28.974 

1148.1 

585.36 

29.824 

1164.7 

593.79 

30.686 

1181.2 

602.21 

31.561 

1197.8 

610.64 

32.447 

1214.4 

619.07 

33.347 

1231.0 

627.50 

34.259 

1247.5 

635.93 

35.183 

1264.1 

644.37 

36.120 

1280.7 

652.81 

37.069 

1297.2 

661.25 

38.031 

1313.8 

669.70 

39.006 

1330.3 

678.15 

39.993 

1346.9 

686 60 

40.992 

1363.4 

695 06 

42,004 

1380.0 

703.51 

43.029 

1396.5 

711.97 

44.066 

1413.1 

720 44 

45.116 

1429.6 

728.90 

46.178 

1446.2 

737.37 

47.253 

1462.7 

745.85 

48.341 

1479.2 

754.32 

49.441 

1495.7 

762 80 

50.554 

1512.3 

771.29 

51.679 

1528.8 

779 77 

52.818 

1545.3 

788 26 

53.969 

1561.8 

796.75 

55.132 

1578.3 

805 25 

56.309 

1594.8 

813 75 

57.498 

1611.3 

822.25 

58.699 

1627.8 

830 76 

59.914 

1644.3 

8.^9 27 

61 141 

1660.8 

847.78 

62.381 

1677.3 

856.30 

63.634 

1693.8 

864.82 

64.900 

1710.3 

873.35 

66.178 

1726.8 

881 88 

67.470 

1743.2 

890 41 

68.774 

1759.7 

898.95 

70.091 

1776.2 

907.49 

71.421 

1792.6 

916.03 

72.764 

1809.1 

924.58 

74 119 

1825.5 

933.13 

75.488 

1842.0 

941.69 

76 869 

1858.4 

950.25 

78.264 

1874.9 

958.81 

79.671 

1891.3 

967.38 

81 092 

1907.8 

975.96 

82.525 

1924.2 

984.53 

8.5.972 

1940.6 

993.12 

85.431 

1957.1 

1001.70 

86.904 

1973.5 

1010.29 

88.389 

1989.9 

1018.89 

89.888' 

2006.3 

1027.49 

91.399 

2022.7 

1036.09 

92.924 

2039.1 

1044.70 

94.462 

2055.5 

1053.31 

96.013 

2071.9 

1061.93 

97.577 

2088.3 













El. ft. Cl, ft. 


Ti, ft El, ft. Cl. ft 


IRl 

2142.2 

10' 

2151.7 

20 

2161.2 

30 

2170.8 

40 

2180.3 

50 

2189.9 

43 ® 

2199.4 

10' 

2209.0 

20 

2218.6 

30 

2228.1 

40 

2237.7 

50 

2247.3 

43 ° 

2257.0 

10' 

2266.6 

20 

2276 2 

30 

2285.9 

40 

2295.6 

50 

2305.2 

44 ° 

2314.9 

10 ' 

2324.6 

20 

2334.3 

30 

2344.1 

40 

2353.8 

50 

2363.5 

45 ° 

2373.3 

10' 

20 

30 . 
40 * 
SO 
46 ° 
10' 
20 

30 

40 

50 

47 ° 

10' 

20 

30 

40 

50 

48 ° 

10' 

20 

30 

40 

2383.1 

2392.8 

2402.6 

2412.4 

2422.3 

2432.1 

2441.9 
2451.8 

2461.7 

2471.5 

2481.4 

2491.3 

2501.2 

2511.2 

2521.1 

2531.1 

2541.0 

2551.0 

2561.0 

2571.0 

2581.0 

2591.1 

50 

2601.1 

411 ° 

2611.2 

10' 

2621.2 

20 

2631.3 

30 

2641.4 

40 

2651.5 

50 

2661.6 

50° 

2671.8 

10' 

2681.9 

20 

2692.1 

30 

2702.3 

40 

2712.5 

SO 

2722.7 

51 ° 

2732.9 


387.38 

4013.1 

390.71 

4028.7 I 

394.06 

4044.3 

397.43 

4059.9 

400.82 

4075.5 

404.22 

4091.1 

407.64 

4106.6 

411.07 

4122.2 

414.52 

4137.7 

417.99 

4153.3 

421.48 

4168.8 

424.98 

4184.3 

428.50 

4199.8 

432.04 

4215.3 

435 59 

4230.8 

439 16 

4246 3 

442.75 

4261 8 

446.35 

4277.3 

449.98 

4292.7 

453.62 

4308.2 

457.27 

4323.6 

460.95 

4339.0 

464.64 

4354.5 

468.35 

4369.9 

472.08 

4385.3 

475.82 

4400.7 

479.59 

4416.1 

483.37 

4431.4 

487.16 

4446.8 

490.98 

4462.2 

494.82 

4477.5 

498.67 

4492.8 

502.54 

4508.2 

506.42 

4523.5 

510.33 

4538.8 

514.25 

4554.1 

518.20 

4569.4 

522.16 

4584.7 

526.13 

4599.9 

530.13 

4615.2 

534.15 

4630 4 

538.18 

4645.7 

542.23 

4660.9 

546.30 

4676.1 

550.39 

4691.3 

554.50 

4706 5 

558.63 

4721.7 

562.77 

4736.9 

566.94 

4752.1 

571.12 

4767.3 

575.32 

4782.4 

579.54 

4797.5 

583.78 

4812.7 

588.04 

4827.8 

592.32 

4842.9 

596.62' 

4858.0 

600.93 

4873.1 

605.27 

4888.2 

609.62 

4903.2 

614.00 

4918.3 

618.39 

4933.4 


51 ® 2732.9 

10' 2743.1 

20 2753.4 

30 2763.7 

40 2773.9 

50 2784.2 

52 ® 2794.5 

10' 2804.9 

20 2815.2 

30 2825.6 

40 2835.9 

50 2846.3 

53 ® 2856.7 

10' 2S67.1 

20 2877.5 

30 2888.0 

40 2898 4 

50 2908.9 

54 ® 2919.4 

10' 2929.9 

20 2940.4 

30 2951.0 

40 2961.5 

50 2972.1 

55 ® 2982.7 

10' 2993.3 

20 3003.9 

30 3014 5 

40 3025.2 

SO 3035.8 

50 ® 3046.5 

10' 3057.2 

20 3067.9 

30 3078.7 

40 3089.4 

50 3100.2 

57 ® 3110.9 

10' 3121.7 

20 3132.6 

30 3143.4 

40 3154.2 

SO 3165.1 

58® 3176.0 

10' 3186.9 

20 3197.8 

30 3208.8 

40 3219.7 

50 3230.7 

50 ® 3241.7 

10' 3252.7 

20 3263.7 

30 3274.8 

40 3285.8 

50 3296.9 

60 ® 3308.0 

10' 3319.1 

20 3330.3 

30 3341.4 

40 3352.6 

50 3363.8 

61 ® 3375.0 


618.39 

4933.4 

622.81 

4948.4 

627.24 

4963.4 

631.69 

4978.4 

636.16 

4993.4 

640.66 

5008.4 

645.17 

5023.4 

649.70 

5038.4 

654.25 

5053.4 

658.83 

5068.3 

663.42 

5083.3 

668.03 

5098.2 

672.66 

5113.1 

677.32 

5128.0 

681.99 

5142.9 

686.68 

5157.8 

691.40 

5172.7 

696.13 

S187.6 

700.89 

5202.4 

705.66 

5217.3 

710.46 

5232.1 

715.28 

5246.9 

720.11 

5261.7 

724.97 

5276.5 

729.85 

5291.3 

734.76 

5306.1 

739.68 

5320.9 

744.62 

S335.6 

749.59 

5350.4 

754.57 

5365.1 

759.58 

5379.8 

764.61 

5394.5 

769.66 

5409.2 

774.73 

5423.9 

779.83 

5438.6 

784.94 

5453.3 

790.08 

5467.9 

795.24 

5482.5 

800.42 

5497.2 

805.62 

5511.8 

810.85 

5526.4 

816.10 

5541.0 

821.37 

5555.6 

826.66 

5570.2 

831.98 

5584.7 

837.31 

5599.3 

842.67 

5613.8 

848.06 

5628.3 

853.46 

5642.8 

858.89 

5657.3 

864.34 

5671.8 

869.82 

5686.3 

875.32 

5700.8 

880.84 

S715.2 

886.38 

5729.7, 

891.95 • 

5744.1 

897.54 

5758.5 

903.15 

5772.9 

908.79 

5787.3 

914.45 

5801.7 

920.14 

5816.0 
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ENOLISH AND METRIC. 909 


41 . SuKllHh & Metric. Fig 13. Comparison betw curvs in 
Engiish and metric (or other) measures. Again, let 
C = c = a chain of n meters (A = >• 

(7' = c' = a chain of 100 feet (A = 



For instance, from eq (43), wo have 

Jl meters c meters n 

— = ; and 

ir feet c' feet 100 


R meters = R' ft "" = R' ft n/100. Or, In general 

c' feet 

F — F’ c/& = 0.01 nE' (44) 

’ ; R' = 055.360 ft. (table, p 886). 

meters; n — LM)), we have: — 

2 X 055.366 = 101.073 meters, 
•iirv functions, in any unit (as in 
for a curv in any other unit, by 
Y the ratio betw the numbers ex- 
two systems. The results (prod- 

42. Fig 13. Effect of sharpitesM, D, upon linear functions 

of entire curv of given sweep. A- Comparison betw 1 ' and D 
curvs. Ratio betw exact and approx values. 

Let El (function of 1" curv) = the radius, Ri, or the long chord, 
Cl. or the semltan, Ti, etc, for a 1“ curv, of given sweep, A ; and 
let Fd = the corresponding function of a D* curv of the same 
sweep, A- 


Example. Let = D = D =6 
Then, in a 6° inen-lc curv {c — 

H meters — 0 t)l X iid R' =z. 0. 

Similarly, any table of linear c 
feet. Table p 884), may be used 
multiplying the tabular values b: 
pressing the chain lengths of the 
ucts) will be in said other unit. 
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Then, where the “diminishV* chain (H 20) is used, we have, 

(/> in degrees) 

D = Fi/Fd; Fd = F-^/D; F, = D Fd (45) 

But, where the full chain is used, these equations are only ap- 
prox. For the ratio, q, betw the true value, Fd, and the approx 
value, Fi/D, we have: Ri — 50/sin 0° 30' = 5720.05; log l<x — 
3.758 1281: 



Fd 

IW) 


Rd \ 

'K/D / 


50 D sin 0^ 30' 


sin (D/2} 


50 

sin 0“ 30' 

_ D 

sin (D/2) 


..(46) 


and, since (eq 41, H 38) 0 = — — - 


D 


sin (D/2) 
sin (Z>/2) 


360 


D sin 0“ 30' 

- 1.000 013 (47) 


sin (D/2) 

Tt 1 

360 sin 0“ 30' 

Log (Q/g) = 0.000 0055. 

In other words, the value ot Q { = arc/chord), in table, 1137, 
for any given value of A, may be taken as practically identical 
with the value of g [ = Fd/{Ft/D)}, for the same value of D. 



43. Figs 14a, 146. As between two curvs of equal lenetli» 
La or Lc, the sliarper (Fig 14a) of course has the shorter radius, 
R: but It has the greater sweep. A. anO the greater values of 
r; If, E, Mh and Y. (Compare 11 40.) These values may be found 
by means of the equations in p 891, ^ 34. 

44. Fig 15. Sab-chalns, C», Ci, 


begin at A, w ft beyond y, and end at B. 


Cf.* See 1124, Let the curv 


•Where It Is necessary to distinguish betw the initial and the 
final sub-chain, we use the subscripts, i and f, respectively. Other- 
wise we use the subscript, s. 



DIMINISHT CHAINS. 
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If a b = a diminished chain = nearly 100 ft, and arr.h = 
a unit arc = 100 ft (see 1120), we have: — 

Initial sub-arc, .4. a = 100 — w; 


100 — w 

initial sub-angle, di z= D ; 

100 

initial sub-chain, ct = A a — 2 R sin (di/2) = c 

Having located h, we have : — 
final sub-angle, dr — hOB = 2b A B; 


sin (di/2) 
sin (D/2) 


. .(48) 


df 

final sub-arc, b B = 100 — ; 

sin (dr/2) 

final sub-chain, Cf = bB = 2 If sin (dr/2) = c — - — . “ I 

sin (D/2) 

SB z=. B z ~ 100 — (final sub-arc, b B) (49) 



45. Fig 15 With the full chain, (c r= al 

arc, a = am b, > 100 ft) we have : — 
initial sub-chain, a = A a z= 100 ft — w; 
for initial sub-angle ; 

di Ci sin (D/2) 

sin — = = Ci . . . 

2 2R 100 


lOO ft; unit 


(50) 


Having located b, we have, as before : — 
final sub-angle, df =; bOB — 2b A B; and 

sin 

final sub-chain, fr = bB = 2 R 8in(df/2) = 100 ; 

sin (D/2) 

but ar = Bz = 100ft — final sub-chain, Cf (51) 

46. Fig 15. Approximate or «nomlnar' values of 0** and 
of d. With either full or dlminiaht unit chain, let 

Oi = the true value of either sub-chain, as found above ; 

d = the true value of the corresponding sub-angle; 

c — the full or diminisht chain used, as the case may ; 

jn = od/D — the approx or “nominal” value of a; 
dn = D Ot/o = the approx or “nominal” value of d. 

•Where it is necessary to distinguish betw the Initial and the 
final sub-chain, we use the subscripts, i and /, respectively. Other- 
wise we use the subscript, «. 
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Then 

Cs 

Ct > Cn; dn > d; — = 

Cn 

and, for 100 ft chain or 100 ft unit arc, approx, 
Ct — Cn = S(Q - 1) 


dn 

d 


(52) 

(53) 


arc 

where Q = value of (table, 11 37) for the given value of D, 

chord 


and 8 = 8. coefficient as per Fig 16, below. 



47. For any value, c, of the chain or unit arc other than 100 
ft, we have : — 

c, — Cn = 8 {Q — 1) c/100 (54) 

48. From H 27, we have, approx : — 

sin 0* 1' : sin (d/2) := 1 min : d/2 in mins; or 

sub-chain 

d/2 in mins = sin (d/2) -r- 0.0002909 = 3437 ...(55) 

2 R 

49. If, in a given circular curv, the full chain and the sub-chain 
be divided into the same number of equal parts, their ordinates 
are approx as the squares of the chain lengths. 

COMPOUND CURVS 
Compare Reverse (hirvs, H H 70, etc. 

Deiinitiona 

50. Flg:« 17, 18. Compound curve. When two consecutiv curvs, 
AP and PB, of unequal radii, Rg and R», curv in the same direc- 
tion (both to the right or both to the left), they are said to be 
compounded, and the entire curv, APB, is called a compound curv. 

51. Branches. The two portions, A P and P B, of the compound 
curv, are called its branches. They lie on the same side of the 
common tangent, Vg Vt. Their meeting point, P, or common tangent 
point, is the point, “C. C.” of change from curv to curv. It Is 
also called the “P. C. C.” or point of compound curvature. See H 2. 

52. Radii. The centers, Og and O,, of the two branches, are 
necessarily in a straight line with the P. C. C. (P) : i. e., the two 
radii, being normal to the common tangent, Vg Vt, at P. coincide in 
Ot P, At A and at B, the radii are normal respectively to the 
semltangentB, AY, V B, of the entire curv. 

53. The Tertex, V, of the entire compound curv, is usually not 
(as it is in Pig 17) in Og P produced. See H H 57 and 146. 

54. Snbaerlpta. Rg Is the greater radius; and its sweep, semi- 
tangent, etc., are lettered (or simply g), Tg, etc., respectlvly; 
and similarly for the shorter radius, Rt, with Its sweep, A*, (or a), 
semitangent, T#, etc. 
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55. The semitani^rents of the entire compound curv, APB, are 
Tg and T», perpendicular respectlvly at A and at B, or vice versa, 
to the radii, Rg and Rt. The semitangents of the two branches, 
respectlvly, are tg = vg P, and t» = P Vt. 


56. If (as usual, and as in Figs 17, 18) A < 180®, we find 

Tf A > ^ See 1169. 

• if A — 180 , Tg and T* are infinit. and there is no vertex, Y. 





Equations 

57. Fig 17. In the Miiecial case where the vertex, Y, lies In the 
common radial line, Og P, produced, we have 

7’ P zr Rg exsec g = Rt exsec ft. 

Hence 


Rg 

Rt 


1 — cos s 


.(56) 


Hence, in this special case, we have » > g, or the shorter 
radius, Rt, has the greater sweep, s, and vice versa. 


In this case, also, we have • — 

Tg = RgiSiXig; Tt = Rt t&ns; 

Tg tan (j7/2) = tan F it P = Tg tan B'Y B 

= B’B = YP = A^A 
= Tt tan (8/2) ; or 

Tg tan (8/2) 

Tt tan(i7/2) 


(57) 


Sweeps, ^g, A. 

58. Pigs 18. The sweeps, Ap (or p) and A» (or 8) .of the two 
branches, may be equal or unequal ; and, in general, either may be 
the greater ; but see the special case of H 57. 

Since both branches curv In the same direction (right or left) 

we have, for the sweep, A. of the entire compound curv, APB: 

A = P-f-s; g — A — s; 8 = A — g . , (58) 

See also eq (60). ^ 


34 
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60. Angles YAP and V B P. 

'BP ^ V^AP =s/2-i- ff/'I’ = (« 4* I7)/2 = A/2 
' B P — V A P = s/2 — g/2 = (» — £f)/2 = A/2 — g- • (61) 

61. Long cliordf Cdeita = A B. See also H 64. 

In F\g 18a f In^ 18b 


>raw A fc i B V. Then 


Draw B It 1 A Y. Then 


= Ciaita sinB = Ttf sinA \ B k z= Cdfita sin A = T. sin A 
and C<i«na = ITj sin A/a>n B = T# sin A/sin ^ 

See. also eas (66^ and ^071 
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Fig. 18o. 

Fig 18h. 


62. Produce branch A P 


Produce branch B P 


to n, making 


\ to n, making 

and A 

Ogn 11 0»B. Then P, H and n 

i 

1 0*n 11 OgA. Then P, n 

are in a 

slraight line. 


Anprle 

. l-T/2. 


Join A n, and draw nVg || 1" 


j Join it n, and draw n V* 1! A V. 

Draw Bh 1 A n. 


1 Draw A a il It n. 


U‘t B A n { = Alib) = r/2. 


1 Let ABn { = B Aa) 

- 17/2. 

Tlien A z= A/2 — 

V/2 = (A-U)/2 

(63) 

it = A/2 + 

V/2 = (A-fr/)/2 

Adding, we have A + it 
Subtracting, we have 

- 

: A. as in eq (00) ; 

- U; 

B - A = U; It = 

A 

+ r; A = it 

t; = A - 2A 

= ‘2B - A .... 

(64) 



FIs:. 18 b. 


ea. Then 


In Fig 18a 


In Fig 18'^ 


Vtf i Bn, bisects B n; 
B Oa n = A ; and 


Og Vg, i An, bisects An; 
A Ogn — A ; and 
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fikl. IjonK cliord, Cdtim — AW. also ^ 61 . 

JuSa, ' Kii?, ISb. 

Draw V a and B a* \\ OgVglAn. | Draw V a and A a' || 0$V, ±n tu 
Then CVit« sin (U/2) = B a' 1 Then Cdeita sin iU/2) = A a' 


Hence 


= Va - Vh 

= nsin(A/-) - TuiiiniA/2) 

= {T, - Ts) s\n(A/2). 

8in( A/-) 

Cdeita = {Tff - 70 (66) 

sin( U/2) 


See also eqs (Gl*j and (67). 


We have, also 




Cdeita = + B - 

Gdelta = VB + A k‘ = 

\ ( Tjt sin A) * + ( 'J'* — 7VcoKAt ) * 

V(7'* sin A)“ + {Tg~ T» cosAfl* 

....(67) 

See also eqs (62) and (66). 

65. Semitangents, 7V and Ts. Draw war || = OgOs = Rg — Rs, 

meeting 0» B produced, in w 

Then B xn — s. 

Draw n r and A 1| B F 1 0, «. 
Then Ale =: Tg sin A 
= mn — hn 
— mn — Br 

= Rg -yersA — — R«) vers « 

meeting Og A in x. 

Then Axn — 

Draw n r and B m H A V l 0? 
Then Bk = 1\ sin A 
= mn + hn 
= mn -i- Ar 

= Rt vers A + — -R* ) vers o 

(08) 

66. Brancb semltangeiits, tg and ts; and common tangent, 
Vg Vt. 

tg ( z= Vg P) = tan(f7/2) 

t, i z= V, P) — A*, tan(ii/2) 

Common tangent, vg Ve, = tg A- (C9) 

Bn = 2{Rg - Re) sin(»/2). 

An — 2{Rg — Re) sln{g/2) 
(70) 


67. Figs 18a, 18b. Eqs (58) and (68) enable us to find required 
elements of compound curvs, other elements being given. See e.x- 
amples, below. 


ESxampleH. 


Given 

Required elements Indicated by bold type 

Rg Re g s 

A is given immediately by Eq (58) and 

Tg and T» by Eq j(08) 

Re Tm A S 

g = A — 

Rg vers g = Te sin A .+ R* vers g -- B, vers A- ■ (71) 
Ttt sin A = -Bv vers A — (Rg — Re) vers « (72) 


t See H 69. 
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Rff Tg A P 

« = A — P, eq (58) 

R* vers 8 = Rg vers a + Tg sinA — Rn vers A ... (73) 
Tj sin A ~ vers A + (-Ka — iJ«)versp (74) 

Rg Ru Tg A 

(Rg — R»)rersm = Rg vorsJS — Tg sin /S. ..(75) 

iC = A — eq (58) 

T* = Rg sin A — (Rff- R») sin s - Tg cos A* ... (76) 

[> 

Tan (e/2) X (Tg Tn cos A* — Rx sin A) 

— T*sinA — R* vers A (77) 

« = A — eq (58) 

R.g sin g = R$ Bin g + Tg + Ts cos A* — R» sin A • (78) 

Rg Tg T * A 

Tan (h/2) X (Ra sin A — Tg cos A* — Ts) 

— iejvcrsA — TffsinA (79) 

K = A — s. eq (58) 

R» sin 8 — Rg sin » — Rg sin A + T’ff cos A* + . (80) 


68. Pigs 18. Given angles, A and B, long chord C deitu — A B. 
and either Rg or Rt, to find g, m and the other radlua. Find 
A = A + JS; Tg and T# by eq (62). 


1 





Then, hiiving Rg (or Rjt), Tg, and A. find g, s and Rs (or Rg) 
by eqs (77) to (80), 

66. Angrlcs over 00®. When, owing to the considerable sweep of 
the curv, or to other causes, any of the angles involvd exceeds 90®, 
attention must be given to the fact that the algebraic siras 
( -f and — ) vary with the several quadrants of the circle. See 
“Positiv and negativ signs”, p D7a. 


Thus, Fig 19 


In quadrant 

I 

11 

III 

1 

Including angles from 

0® to 

90® 

90® to 
180® 

180® to 
270® 

OlO 
® ® 

o' 

Sine and cosecant arc 
Tangent and cotangent are 
Sc'cant and cosine are 

plus 

plus 

plus 

plus 

minus 

minus 

minus 

plus 

minus 

minus 

minus 

plus 

•In our Figs 18, A > 
See H 69. 

90®, and 

cos A 

Is therefore 

negativ. 
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RE^VKRSIC <.^URVS 
UeflnltloiiM 

70. Flf^s 20-23. Compare Compound Curvs, H H .lO-BO, When two 
eonsocutiv circular curvs, A J* and /' li, of equal or of unequal 
radii, Ba and Rb, curv in oppomt directions (either one to the 
riglit, and the other one to the left) they are said to he roverst, 
and the conihination is -called a reverse curv. Reverse curvs are 
sometimes unavoidable, as in .some crossovers and turnouts; but 
elsewhere they should be avoided. 

71. The two brnnohen, A i’ and P B, lie on opponit sides of the 
common tangent, Va Vb. Their meeting point, P, oj* the common 
tangent point, is the point, “C C.” of change from cun> to curv; 
or point of reverse curvature, “P. R. C.” See U 2. 

72. The centers, Oa and Ob, of the two branches, are necessarily 
in a straight line with the C. (\ (P), the two rudii being normal 
to the common tangent, raVh, at P. At A and at B, the radii are 
normal respectivly to the tangents, A V, V B, of the entire curv. 
The vertex, V, is on the side of ilir. greeter sweep. 

73. The Hemitan|j;entM of the entire reverse curv arc Ta = AV 
and Tb = B I’. See H 77 The semitangents of the two branches, 
respectivly, are ta = va P = Va A, and tb = vu P = Vb B. Common 
tangent, Va Ub = to -f 




74. Figs 20. 

Fig 20a. If V coincides with A, we have 

To (= At) = 0, and Tb (— VB) 

Fig 206. If V coincides with B, we have 

Tb (= BV} = 0, and Ta ( = VA) 


A B. 
A B. 
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75. The sweeps, and A» (or, simply, a and h) of the two 
branches, may be equal or unequal, and eitlier may bo the greater. 

70. Since the two branehes deflect in opposit directions, the 
resultant deflection. A, due to the reverse curv as a whole, is 

A difference between a and b (81) 



Fig. 21. 


77. F'.g 21. When the tangents are parnlh*!, we have a a h, 
and A ( = « — b) = 0. Then Ta{ = .1 i ) and Th{ — B 1") are 
inlimt, there being no vertex, V. S^'e \\ TD. 

Also, P is in the line A B. 


FquatioiiH 

78. Figs 22 and 23. Semitangents, A Va and ri> B, non parallel. 
The P. R. C (P) is not in .1 />*. 


Radii unequal. Figs 22. 

Radii equal. Figs 23. 

Ra = Rb - R 

From tlie s(‘inl tan, A Va, at .1, 

lay off A 1 - Z /) .1 zz A/^- 

.Measure chord 

1 Measure chord 

AD - 2 PaS.iuA/-) 

1 .17) = 2Rsm(A/2). 


Then B is a point in (he enrv .4 I* (produced, IHgs 22b, 23b). 
Draw OaB i| Ot B Then .1 On 1) =. A* Thru D, draw tangent. 

11 B V, and distant D li' = 11', from B i' From D lay off 
are D P (V) On J* bi, locating 7' 


Men sure the chords, 

I) P and P B. Then 
DB = DP + BB 

- H7sln(b/2) 

= ‘2 {Ra + Rh) sln(b/2) 

....(82) 

Rn - RaPB/DP 
DB 

Ra .. (83) 

2sin(b/2) 

Pommon tangent, 

Va Ob — ta -(■ 

a b 

— Ra tan \- Ri> tan — 

2 2 

....(84) 


Measure the chords, 

I) P r“ P B. q'heii 
I) B = 1) P + P B 

= 2 DP = 2PB 
=: 117sin(b/2) 

= 4 7?sin(b/2) = 2 4WR 
....(82') 

R = Ra Rb 

DP PB 


2siu(b/2) 2sin(b/2) 

.... (83') 

Common tangent, 

Va Vb ZZ ta A- tb 

{ ^ ^ \ 

— R tan 1- tan — 1 

\ 2 2 / 

.... ( 84 ') 


( 85 ) 


SliiBB®. = Bln(»/2) = W/DB 
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Fls< 21 (Repeated.) 


79. Pig. 21. Semttansents, Ava, VbB, 
parallel. 

A B intersects the common tangent, Va Vb, in 
the C. C. (i*). n — b; = a — b (or h — 
a) = 0: Ta and Tb inCmit; BAva = ABvb 
= 0/2 = b/2. 


Radii unequal. Fig 21. 

TT = (iJo + ^6) vers o 
= (Jla 4- Bb) vers b 
= A B sin (0/2) 

— A B sin(&/2) (80) 

AP 

~ 2 i?a sin(<j/2) 

= 2IUW/AB (87) 

PB =: 2 Eft sin (6/2) 

= 21ibW/AB (88) 

AB zz AP^PB 

= 2 {Ra + Eft) Kin(rt/2) 

= 4 2 W (E« -f Jib) ..(SO) 


j Radii equal, Eo, — Ri zz R. 

IF = 2R vers a 
= 2 E vers 6 
= A B sin{(i/‘2) 

= AB sin(6/2) (SO') 

\ AP =z P B = A B/2 
I = 2Esin(«/2) 

j = 2E iVVAE (87') 

! = 2 Esin (6/2) 

I = 21iW/AB (88') 

\AB = 2AP = 2PB 

I = 4 E sin(w/2) 

; = VTwli = 2 VWr 

\ ....(80*) 

I E = A EV4 )F (00) 



For Instance; — 
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Given 

\ Required quantities indicated by bold type 


In all cases, A=a — borb — a. 


Ra Rh Ta 

Ra vers A + sin A 

vers b = 

{Ra Eft) 

..(01) 

i 

Tft = To cos A + Ea sin A ± (E« + Eft) sin b . 

. . (92; 

RaRbTb^ 

Eft vers A + Tb sin A 

vers a = 

(E« + Eft) 

..(98) 


To = Tft cos A + Eft sin A ± (Eo + Eft) sin a . 

..(94) 




CURV LOCATION. 

81. Flif 24. By Peripheral or Deflection Angles. See 4, &c. 

Example. Instrument at the T.C. (A), or at the C.T. (B). 

(For other points, see Hlf 84 &c.) 
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(1) If the chaining bcglnw at A. 


To locate 

Inst Inst 

at A atB 

Lay off angle 

Chainsf 


VBA* = A/i: = </./2+3D/2 + rf//i 

* 


1 .la = ABa = AOa/2 = <h/'2 

Ci — Aa 


VAb = ABb = AOb/2 = dt/2 + 1 D/2 

a zz ah 


VAc — Alt c = AOc/2 r= dn/2 + 2 D/2 

0 zz be 


VAd= ABd = AOd/2 - di/2 +8 D/2 

r zz cd 


VAB = A/2 = (ii/2 /)/2 + dr/2 

Of zz dJt 

(2) If 

Ihe chaining begrins at B. | 


Inst Inst 


To locate 

at A at B 

Chains 


Lay off angle 


B 

r4^* = A/2 = dt/2 + 3/V2 4- di/2 

* 

d 

BAd = VBd - BO(i/2 = dt/2 

Or — Bd 


BAc z= VBc = BOc/2 = df/2 4- lD/2 

c = dc 


BAb =z VBb - BOb/2 =z df/2 + 2D/2 

0 = cb 


BAa zz VBa = BOa/2 = df/2 4- 3D/2 

c = ba 


VBA zz A/2 = df/2 4- 37V2 4- (ii/2 

a zz aA 


82. For the tangrent, at any given station, as B, we have: — 
Sighting back to the T.C., A ; 

zBx — VBA = VAB — Slim of angles laid off, at A, from tan, AV, 
to given sta, B; 

Sighting back to another station, as h ; 

zBy =z VBb = cbB = sum of angies laid off, at h, from tan, be. to 
given sta, B. 
etc, etc. 



•Sighting from either eind of the curv, to the other end, where 
the chaining begins, the desired point is located by the intersection 
of the line of sight with the tan, BV or AV. 

tThe chains given, ct, c, etc, refer to their several chain angles, 
vAa, oAb, bAo, etc. The total angle, VAc, for instance, teanires 
chains Ci + c c. 
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Movlns the Instrument. Transit Points.* 

83. Fig 24. When the sum, V A d, of the angles, laid off from 
the tangent with the inst at one point, as .4, exceeds say 15° or 
20°, then, with the rear end of the chain held at the last preced- 
ing sta, as o, the free end of the chain may deviate materially from 
Its correct position, at d, without detection by the transitman ; and 
this diiliciiUy is inen^ast hy the increast length of sight. 

84. In this case, or when an obstacle prevents the laying-off of 
the next angle, the instrument la moved to another point (“transit 
point”*), on the curv, and the work is continued thence. 

85. Liability to error is much reduced by pursuing, thruout, a 
systematic nu'thod of proeeduie, as below. 



Figs 25. Example. In the 20° curv, .4 P li, let three stations, 
Nos. 31, 32 and 33 (P), be set from the T.C. {A, sta 30 -f 40) ; 
then three stations. Nos. 34, 35 and 35 + 70 (P), from P; and 
then let the final tangent, Bz, be located from the C.T. (B, sta 
35 + 70). 

The circles, at A, at P and at B, in each Pig, show the orienta- 
tion of the Inst, the angles turnd and the resulting vernier read- 
ings. 

In each of the three Figs (see Figs 25, I) let 
angle fAP = 0.0 X 10° + 10* -f 10° = 26°; 
uPB= 10° -f 10° -f- 0.7X10° = 27°. 


♦Such points are often called “turning points,” but this is liable 
to confusion with the “turning points” used in leveling. 
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Three methods of procedure are In common use In connection 
with the removal of the transit to a new inst point. These may 
be called : — 

I. Searles. See “Field Engineering.” pp 53, 57, etc. 

II. Shunk. See “The Field Engineer,” pp Hu, etc.* 

III. Smith. See Eng News, 1H7<5 Aug 2<», p 277, reprinted 1888 
Sep 20, p 245 ;* also Cross’s "Engineer’s Field Book,” pp 5G etc. 

Method I (Searlea) is sufficiently dc.scribed in the first of the 
three sections of the comparativ table in U 80. 

Method II (Shunk) may be made clearer by the following ap- 
plication of it to the same case See Figs 25, II. Here all the 
angles are to the right (R) of zero. 


Inst at 

A 

P 

B 

Sight to 




old point, 

t 

A 

P 

Vernier 1 


(tAP=) 

( 2 tAP + uPB ) 

read’g on > 

0* 

tPA = 1 

■^ = 52" + 27" f 

old point, ) 


1 26" i 

1 = 79" ) 



1 APi = } 

1 PBu - ) 

Add 

0“ 

tAP = [ 

i uPB = > 



|26“ ) 

j 27" ) 

Sight to tan. 

At 

tu 

us 



{ tAP -f- APt ') 

[ 79" + 27" = 'i 

Vernier 1 


l=r2t47»-0" 1 

)2 X 79" - 2 tAP i 

reading > 

0“ ^ 

I = 2 X 26" - 0* ( 

S = ir>8"-52" r 

on tan, ) 


1 = .52" ; 

l=i(>0" ; 

Add 

tAP = 26" 

uPli = 27" 


Sight to 




new point, 

P 

B 


Vernier 1 1 

tAP = 1 

( 2 tA P + uPB ) 


read'gon > ■{ 

0“ + 26" 

- = 52" -f 27" t 


new point, ) i 

= 26" ) 

/ - 79" 1 


Move to 




new point, 

P 

B 



After removing the Instrument from an old point, p (not shown), 
to a new point, p', the vernier reading, C, which will place the 
telescope in the new tangent, Is determind thus : — Let 


A = vernier reading on sighting new point, p', from p; 

B = vernier reading on sighting along old tangent, at p; 

0 = vernier reading on sighting along new tangent, at p'. 


Then, 


G = 2A - B. 

Method III (Smith) is described in H H 89 to 91. 


86. The following table outlines the method of procedure by the 
three methods respectlvly. 

U. M. = upper motion of transit, L. M. = lower motion of transit. 
R = right ; L = left 


♦In his 9th edition, 1890, Mr. Shunk described the “Smith” 
method (111), accrediting It to Mr. Kobert Burgess, C.E., who 
described It in Eng News, 1888 Sep 22. 

fFor the sake of uniformity, we here assume that. In using 
method III (Smith), we move the inst either to P or to B^ and 
that, after so moving, we sight to the same stations (A and P, 
respectlvly) as in methods I and II ; but. In fact, with method III, 
the condition, described In H 90, will obtain, no matter to what 
station we remove, or to what station we sight from it. See H 91. 
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87 . Pig 25. It will be noticed that, when the vernier U at mero. 


the telescope i 


in tho tangent thru the point oeeupied ; 
parallel with the original tangent, A t; 
sighting back to A, whose recorch'd angle (H 89) Is 
zero. 


I. Searlca, 
II. Shunk, 
III. Smith, 


When the Inst is at A, these three collimation lines 
coincide. 


88. For Figs 25, the vernier rcndingH, by the ‘three methods 
resi>ectively, compare a.s follows : — 


Sighting 

From 

sta 

30 -f 40 (A) 


to 

sta 

.30 + 40 (A) 

(tan) 

to 

sta 

31 


to 

sta 

32 


to 

sta 

33 (P) 


to 

sta 

35 -1- 70 (B) 


From 

sta 

33 (P) 


to 

sta 

30 4- 40 (A) 


to 

sta 

33 (P) (tan) 


to 

sta 

34 


to 

sta 

35 


to 

sta 35 4- 70 


From 

sta 

35 -f 70 (B) 


to 

sta 

30 + 40 (A) 


to 

sta 

33 (P) 


to 

sta 

35 + 70 (B) 

(tan) 



89. In Method III (Smith), Figs 25, III, before beginning to 
run the curv, calculate, and enter in the field book (as in last 
column of table, H 88), opposite each sta (as 30 -f 40, 31, etc), 
and opp any other points, in the curv, which, for any reason, it 
may be thought desirable to locate, the total angle (as t At = 0% 
tA31, tAP, tAB, etc), betw the original tangent, At, and the 
chord, A-31, A-P, A-R, etc) from A to such sta, aa tho each of the 
points, thruout the entire curv. Mere to be located from the point 
of curv, A. 

00. Then, after setting up at any point whatever In the curv, 
set the vernier to the angle so recorded in the field book opp any 
other convenient point, x, in the curv, and sight to x, thus orient- 
ing the inst. Then, if the vernier be set, by the upper motion, to 
the reading recorded, as above, opp any other point, ?/, in the 
curv, the Inst will be sighted at y. With the vc'rnior at the angle 
recorded opp the point occupied, the inst Is in the tan thru that 
point. 

•For the sake of uniformity, we here assume that, In using 
method III (Smith), we move the inst either to P or to B, and 
that, after so moving, we sight to the same stations (A and F, 
respectivly) as In methods I and II; but, in fact, with method III, 
the condition, described in 1190. will obtain, no mutter to what 
station we remove, or to what station we sight from it. See H 91. 
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91. If tbe sharpness of the curv is exprest In a whole number of 
decrees, if the curv begins with a sub-chain, and if many stations 
are to be set, It may be worth while to make an arbitrary addi- 
tion to each an^le, so as to give, to the full stations, angles 
exiirest in a whole number of degrees (or in degs and half degs) ; 
tluis simplifying tlie caleulalions.t For instance, in a 3“ curv, if 
tbe actual angles be as in line 1, below, we may add 0“ 18' to each 
angb', making them read as in line It. 

Station :hl + 2(>(^) 31 32 33 34 34 -f 40 (E) 

A 0“ 1* 12' 2'’ 42' 4“ 12' 5' 42' 6® 18' 

B 0® IS' 1®30' 3® 0' 4® 30' 6® 0' G® 36' 



Miscellaneous Methods. 

92. Locating a onrv vtith«»ut a transit. ITg 26. Let aJ), be, 
be chains \ ab ~ he ~ r,: let a t and b n be tangents at a and 
at h, respectively. I’roduce chord ab to L and make a t = h f ~ 
a b — c. Then ; — 

c r- 

t b — 2 c 8in(D/4) ; f c = 2o sIn(/V2) = 2 c = — ... (95) 

2R R 


tT. Appleton. Assn Engng Socs, Jour, March 1888. 
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93. The dlsts, tb and fc, may be used for locating a curv with- 
out a transit. Thus: — 

(1) Having laid off a t ( = c) along the tangent, at, to locate 
6; from a, lay off ah ( = c) to meet t h laid off from t, 

(2) Having laid off hf { = c) along the chord ab produced, 
to locate o; from b, lay off -6 c { = c) to meet f c laid off from f. 

(3) Having laid off ce (=c) along the chord be produced, 
to find the tangent, c t\ at c; from c, lay off c t' ( =o) to meet 
e f' (zztb) laid off from e 


Fig. 26. 


94. For the aub-ohalua, A a = a,' and c B =z ct, Hiib-anfflea. 

d\ and df, etc, we have the following eipiations . — 


Distances 

.\ngles 

1 Approximate 

a' a = 2 c< sin(dH/4) 

Cl 

slti( d</2) = 

2R 

C(2 

o' a =z tb . . 

c= 

(901 

R b' = 2 Cr sin (dr/4) 

Sin (dr/2) = 

2R 

cr» 

Bb’ = er . . 

1 0* 

(97) 

Ah = 2 Ci sin (4 0 h/2) 

D di 

A ah = [ — 

2 2 

1 

\di = D — . . . . 
c 

(98) 

Be’ = 2 Cr sin (R c c’/2) 

D df 

B ce' z=. 1 

2 2 

cr 

df = D — . . . . 
c 

(99) 


A a' h' c' t 



95. By Offsets from Tongrent, A t. Fig 27. Let R = radius ; 
«» =: chain length, A a, ab, etc ; Ch, Ce, C<t, etc =: long chord 
Ab, A c, A d, etc, from A to 2d, 3d, 4th, etc station : Mb, Me, Ma, 
etc = mid ord for Gb, Ce, Oa, etc; D/2 = a' A a; 3 D/2 = b**ah; 
5D/2 = &’h c, etc. Then 




CUEV LOCATION. 


y:iy 


Distances on tangent 

A a' = c cos (D/2) 

= J? sin D 

Ab' = c rcos(D/2) + cos(3D/2)] 

= Esln(2D) 

Ac' = c [cos(D/2) 4- 008(3 D/2) + cos(5 D/2) ] 
“ EsIn(3D) 


Cb/2 . , , . (100) 
Cd/2 .... (101) 
Cf/2 .... (102) 


Offsets from tangent 


o' a = c sin (D/2) = cV(2E) = E vers D = Mb 
b' b = c [sin (D/2) 4 sin (3 D/2)] 

= Ch sin b' Ah — Cj. sin D r= (Cj>)*/(2E) 
nr Evers 2D = Md 


(100a) 

(101a) 


c'c = c [sin(D/2) 4- sln(3 D/2) 4- sinffi IV2) ] 
- Cc sin (3 D/2) - (Ce)V(2E) 

= li vers 3D = Mf 


(102a) 


Thus, let c zz iUO ft; D = 12“. Then 


For dist A c', on tan j For offset, c' c from tan 


C0S(Z>/2) rr COS 0“ = 0 90452 
cos(3/V-) = coslS“ = O.O.'ilOO 
cos(5D/2) = cos 30' = 0 80003 

Bin (D/2) — sin 0“ =: 0.10453 

sin(8D/2) sin 18" = 0.30902 

8in(r)D/2) = sin 30' = 0, .50000 

Sum of cosines = 2 81101 
Ac' = 2.811010 = 281.16 ft 

Sum of sines = 0.91355 
c' c = 0.91355c = 91.355 ft 


»e. First, from .4, line in the points, o', b', c', etc., in the tan- 
gent, A t. Then, from w'. b', c', etc., lay off o' a, b' b, c c, etc., nor- 
mal to .1 t; or lay off o' a, b'b, etc, at random, to intersect A a, 
ab. be, etc., each = c 

97. If, as usual, the curv begins or ends with n sub-chain, It 
may ho jireferahle to divide the curv (sweep — into a conveni- 
ent numixT, n, of equal parts, each — A/'D substitute A/w- for 
D, and 2Esin(A/-^M for c, etc 

As the work proceeds, and (he angles abb , bcc , etc., become 
more acute, the work becomes less accurate. 



Fier. 2S. 


08. In Fig 28, the dlxta, a a', bV, etc., are in line with the 
radii at a, at b, etc. Here; — 

Aa' — R tan D ; Ab' -R tan 2D,* A rrr E tan 3 D, etc. (103) 
a a' = E exsec D; bb' — R exscc 2D; cc' = R exsec 3 D, etc. (104) 
From A, line In a', 6', (f, etc. From A and from a', simultane- 
ously, lay off € and a' a, respectiviy, locating a. Then, from a and 
from lb' respectively, lay off, simultaneously, c and b' b, locating b; 
and so on. See H 97. 
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95. By Offsets from Tongrent, A t. Fig 27. Let R = radius ; 
«» =: chain length, A a, ab, etc ; Ch, Ce, C<t, etc =: long chord 
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Similarly, for the ordinates, «' o, h' h, c' c, etc., we have : 

A - '^1 

a' a = Cl sin ; 

A - 2 (/, - 7) 

b" b = c sin — — ^ ; 

A - 2d. ~ 

r" c c sin — ; etc., and 


b' h = a' a + >h" b; c' c — h'b -{■ c" c, etc (100) 

102. Fif? 02 To lUniinatc mb-chaintt (see HOT), let the curv, 
APB, be divided into a convenient number of equal arcs ; and let 

Of — the chord, A a ~ ah, etc, suhtendinR one of these arcs ; 

Dc the central aiiKle, A 0 a, subtended by Cr,* 

C, C\ C".ete = the Ions chords, A B, ah, b g, etc, respectivly ; 

M,M\M",etc = the mid ords, E P, E' P, E" P, etc, 

of C, C"', etc, respectivly. 

Then, 

Abscissas 


C /2 

= A E 

— 

072 

=: a E' 

— 

<7'72 

~ b E” 

= 

A u' 

= 

rv2 

a' b' 

= ab" r= 

CV2 


Rsin(A/2) ; 

/»’ sin( A/2 — /L> ; 

// sin(A/2 - 2 Dr) ; etc. 

A-De 

— C'/2 = Ce COS a A a' — ce cos 


A - 2D* 

— C"/2 = Cr cos b 0 b" — Of cos ; 


b' c' = b c" — C"/2 — C /2 = Ce cos c b c" 
etc ; and 


A-5De 

Cc CCS 

. o 


= A a' 4- (T b' ; 

A b' 4- h' (f; etc 
64 


A b' 
A c' 


( 110 ) 
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M 

M' 

M" 


Ordinates 

E P ~ Bvers(A/2); 

E’ P z= H vers(A/2 - De) ; 

E" P Bvcrs(A/2 -- 2 !><■); etc. 



o' a = 

M 

- M' 

b" b TZ 

M’ 

- M' 

0 " c = 

M" 

- M 


6'6 = a' a + 6 

c' c = 6' & -f c" c 


Ce sin 


t*f sin 

Cc sin 


h-Pe 

2 

A - 2 i>.' 

2 

A- 5 Dr 


2 


3/ - 3f" ; 

Jif - 3/ ; etc. 


; etc ; and 


( 111 ) 



103. By Means of Two Transits, without Linear Measure- 
ment. Fig 33. Useful where chaining is difficult or Impracticable, 
as in swamps, etc. 

Given, any two station.s, A and P, each visible from the other ; 

From each of the two stations, A and li, sight to the other, and 

lay off the angles found, as below, locating the points, a, b, etc., 
by means of the intersections of the lines of sight. 

Thus, let a 6, be, be chains ; A a, cB, sub-chains. Then, to locate 
the point b, at the intersection of A h and Bh; we have : — 

• b A B = b 0 B/2 = (D + dr)/2 ; 

bB A = hO A/2 - (D + di)/2. (112) 

Similarly, for point c (intersection of A c and Be.) we have; — 
CA B = cO B/2 = df/2 ; 

cBA = cOA/2 = (2D + dt)/2 (112'> 
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104. By Long Chords from the Instrament. Fig 34. 

Let a& = 6c = c = l chain ; A o = Ci = Initial sub-chain ; 
cB ~ ct — final sub-chain. 

Then, in Fig 34 ; 
i A a = di/2 ; 
tAb = ((ii + D)/2; 
tAc z= (di -f 2D)/2; 
tAB ~ (f/i + 2D -f dr)/2 zr A/2; 



A a = 2 R sin t A a; 

Ab — 2R sin tAb; 

Ac — 2 K siut A c; 

AB =: 2 A B. . (113) 


105. Platting: Auxlllnrles. The location of curve upon the 
map is greatly facilitated by the use of tcmpletn, to the proper 
scale. 

100. \Vm. F. Shank's transparent ntrv protractor shows a num- 
ber of curvs to a scale of 1 inch = 400 ft 

107. In Eng News 1002 Jun 10, pp 500-001, Chaa H. Qnimby .Tr. 
8ugge.sts a “curve projector and hcuIc^* (patent applied for), which 
is a transparent curv protractor in which each curv is punctured 
at each 100 ft of its length, by scale, in order that, with a pointed 
instrument, corresponding points may be markt upon the map 
beneath. 

108. Ordinates, On sharp curvs, additional points, intermedi- 
ate of stations, may be located by means of ordinates to a chord 
joining two consecu'tiv stas. Usually a twine is stretched between 
the two consecutiv stas, and the ordinates arc measured, as nearly 
as may lie at right angles to this, by means of a graduated rod or 
tape. Tim j)oints, along the twine, from which ordinates are to be 
measd (espivially the middle point and the two points midway 
between this and the ends), are distinguisht by knots or otherwise. 

109. The permissible dist apart of the ordinates of course depends 
upon tiu' character of the work and upon the sharpness of the 
curv. For guiding tlie earthwork, 50 ft is short enough, or 25 ft for 
radii less than 1000 ft. For tracklaying, tlu' dist may range from 
25 ft on easy curvs, to 10 ft or even 5 ft on the sharpest. 

See eqs (32) and (M) to (30), and table of ordinates, pp 898-901. 

OBSTAOLKS. 

Methods, other tlian those here suggested, may be devised to 
suit these and other cases. 

110. Line of »iRht obstructed. The following suggestions refer 
to cases arising in the usual method of location by peripheral 
angles, 11 11 81, etc. ; hut the difficulty may sometimes be avoided by 
abandoning that method and using instead one or other of the loca- 
tion methods mentiond In Iflf 92-104. See also under Surveying, 
p 281, Gth “hint.” 
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M 

M' 

M" 
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- M' 

0 " c = 

M" 
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h-Pe 

2 

A - 2 i>.' 

2 

A- 5 Dr 
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3/ - 3f" ; 

Jif - 3/ ; etc. 


; etc ; and 


( 111 ) 
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Ponition of n required point inaccessible. 

115. Vertex, V, inaccessible. Fig 37. Given A and R or D. 
Required the curve points, A, B. Measure the dist, a h, betw any 
two accessible points on the two tans respectivly. Measure the 
angles sha and yah, and And V ha ( zz 180 “ — zb a) and V ah 
{= 180 » - yah). Then Vha + Yah {= 180 * - aVb\ 
= A ; or a y b = 180* ~ A- 



Find V a = ah sin 7 6 u/sin A I 
and V h — ah sin To b/sin A- Then ■ — 

Aa = .AY - V (i - /.’tan(A/2) — Y a; 

Bh = BY - V’h - RtanlA/-) - 

Note that, where (as in the last case) 7? b is negativ, b is beyond 
B; and Bh is to be laid off from b toward the vertex, 7, to 
locate it. 



BIthcr curv point, A or B, inaccessible. 

116. T.C. (A) Inaccessible. Fig 38. It is required' to locate 
an accessible point, n, in the curv, and a tan, n' n", thru n. The 
point, n, (preferably a station) must command a sight, np, parallel 
to the tan, A V. 

Let A O n be the sweep of the arc, A n, (approx, A On* = 
D" X An/100). Let to n be normal to the tan A 7, and let n« = 
pa. Then ns = ps = loA = pA = jB sin AO n; ion = A« 
= y p = vers A 0 n; and 7u> = 7A — Ato = T Aw 
= T — ns. 
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Find tne line no (or n p'), and the point, n, as by one of the two 
following ultematlv methods: — , 

(1) From p, run pn\\AV, making pn = 2p8 = 2 R sin A On. 
Or 

(2) From V, lay off F to to toy offset ion to n; and, from any 
other point, y, on the tan, A F, offset y p — ton; or from n, lay 
off p no (tan ynp — wn/wy) ; or, from n, lay off F np' (tan F no' 
= ton/Fio). 

Then, for the tan, at n, lay off n' n a = n" np’ = AO n. 

117. C.T. (B) Inaccessible. Fig 38. It Is required to locate a 
point, as Si or q, in the tangent, F B, beyond B. 

We give three alternativ methods, ns below : — 

From any point, as m, in the curv, at a known dist from B. run 
m / (I the tangent, F B. Then ; — 

(1) From otj and from any other point, as f, in m f, lay off 
offsets =zme=fs = R vers B O m, defining the tangent, F B, and 
locating the point, z. Or : — 

(2) From m, lay off any angle, fniq, to a line, mg, intersecting 
the tan, V B^ and lay oft fn q =z eni/sin J m q, to q, which will be 
in the tan, VB. Then B q — qe — eB — me cot fmq — R sin BOm 
Or: 

(3) From m, lay off fmv = BOm, locating the tan, mv, and 
lay off mv = id tan(yfOm/2). Then v will be a point in the tan, 
F B. From v sight to m, and lay off m v V = B 0 m. I'lunge the 
telescope, sighting along tan, F B. Then a point, z or q, beyond B, 
may be found, as required, by the methods given in H 110, etc, for 
passing obstacles in straight lines. 



Flip. 39. 


118. Fig 39. The C.T. (B), altho accessible, is not suitable 

for a transit point. It is required to find the tangent, B z. 

Set over any convenient point, m, on the curv. Measure the 
chord, mB. Let A — the angle, mOB, =. sweep of curv betw m 
and B. 

Prom m, lay off a tan, mi. Foresight on B. Then angle tmB 
= A/ii* Lay off B m C =: A/4 — tm B/2. 

Lay off B (7 = B m, to meet the line m 0. Then C is a point in 
the tangent, B z. 

Demonstration. 

Since mB C is isosceles, we have B Cm = B mC = A/4. 

Extend m B, as to w, and draw B to || m (7. 

Then, from parallelism of sides, 
wBw (=BmC) = A/4 ; 
wBO ( = BOm) = A/4 ; and 
ttB 0 (zzwBto + wBO) = A/2. 

Let B be a tangent to the curv at B. 

Then wB z i — the opp angle F B m) = A/2 — wB C, and B C 
therefore coincides with the tangent, B z. 



OUEV PEOBLEMS. 


937 


CURV PROBLEMS 
(See also Re-survey, tfH 165, etc.) 

Graphic Solutiona 

110. Most curv problems may be conveniently solved graphically, 
with sufficient approximation, and with the added advantage that 
the drawing shows the relations of the several lines more clearly 
than they can be shown by mere calculation, and thus reduces the 
probability of serious error. The scale, to be adopted, will depend 
upon the nature of the problem and upon the degree of approxima- 
tion required. It will probably seldom be smaller than 1 inch = 
20 feet. The following are given as suggestions. See also H 128. 

ISO- Example. Fig 40. I,et it be required to solve graphically 
the problem in il 131, viz : — Given two curvs, A B' and B Q, having 
diflf given radii, Rg and R», and diff centers, Og and Os. and given 
the tans, A V and V B, with their sweep, A it is required to find 
the common radial line, Og K, of the two curvs, their respectiv 
sweeps, g and a, and the shortest dist, d (which will be in the line, 
Og E) betw them; as where it is desired to connect the two curvs 
by a spiral. , 

From A, draw A Og AY and = Rg. ‘ 

From B, draw B Os l BV and = Hs. 

Thru Og and Os draw Og E, radial t(» both curvs. 

Measure the angles, g and and the dist, d. 

See letter from C. M. Kstabrook, Eng Record 1006 April 7, p 466. 



Fiff. 40. 


121. To draw a circular curv of larg;c radtuK. Fig 40. Draw 
a chord, A B^ to repiesont 100 ft by scale. Divide AB into 20 
eq-ual spaces. At each division-point, erect .an ordinate, normal to 
the chord, making the lengths of the 19 ordinates to correspond 
w'ith those given, in table, pp 000-001, for the given sharpness, D. 
Join the ends of the ordinates. 

122. If the curv A B is the center line, the curvs for the rails, 
or for their gage sides, may be drawn at dists from A B equal to 
half the gage. Ordinarily it will he sufficiently accurate if these 
dists are measured in the directions of the ordinates, already drawn. 
Otherwise, the dists must be measured radially from tbe curv, AB: 
1. e., at right angles to tangents drawn (see H 124) at the ends of 
tbe 19 ordinates. 

123. The angle, CAB, betw the 100 ft chord, A B, and a tan- 

gijiit, A C, at either end, A or B, of the chord, is D/2, where D — 
the sharpness of tbe curv = sweep (central angle) subtended by 
the 100 ft chord. * ^ e. / 



Flff. 41. 


124. To draw a tangent to a curv, at a given point, m. Pig 41. 
From nv, lay off two equal distances, mn, mn, to the curv. Thru 
m, draw A B, parallel to n n. Then will A E be tangent to the curv 
at w. 
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Field Solutions 

125. Many i)roblpms are habitually, expeditiously and with suffi- 
cient approximation, solved by trial In the Held, aided, where 
necessary, by templets or curv protractor (see jj*; lUo-lOTl and a 
field sketching board. 



126. Fxample. Fig 42. In a given curv, A (}, to find the point, 
B, from whic h a tangent, B f, may be run thru a given point, f. 

This is solved trigonometrically in H 120, Fig 44. 

With instrument at any point, as 1, in the curv, sight along the 
tangent, A V; mca.sure the angle, r.4/, and lay off the angle, 
V A JJ = .1 f/2. With inst at I), where the line .1 /) meets the 
curv, repeat the process, sighting along the tan. D V, and to f, 
measuring anale I'/)/, and laying off t ' /t //2 mot shown’ i to the 
curv at a point nearer B, and so on, approximating to H. When 
f Is sighted in the tan, Ji f, the inst is at the recjuired point. It 

Geometrical Solutions. 

Below are given geometrical solutions of a few typical problems 
of frequent occurrence. 

Caution. 

' 127. When A is large, look out for necessary chuiiKes in the 

HigruM, -1- and — . See H 00. 

Thus, in Fig 40, H 101. p 040, if A > < 180“, we ha/^e 

filnA positiv, but cosA negativ ; making B' I positlv, but V i neg- 
ativ. 

In general, tbe use of the signs, -f and — , in our text, refers to 
our figs, in which, for conA^enience, the sweep A is in general made 
< 90“. 



Ftp:. 4.1. 


128. To paas a enrv thru a griven point, P. Fig 40. 

Given, direction of tangent, A t; the T.C., A; and the co-ordi- 
nates, A w and w P, of the given point, P. 

Required, A and R (or D), for the curv, A P. Here 
Tan (Zi/^) = wP/A v ; Jf = f 7V.sIn A = ?r/sin A = P/vers A- 
Given R instead of i ir ; required, A and A ic. Here 
versA = P/R; Aw {— P f) = R sinA- 
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Graphically. Join AP, measure angle, ipAP = A/2, bisect chord 
A P in V, draw a line in the direction 0 v V, perp to A P, to 
intersect At in Y, and measure A V and V P. Then V is the vertex 
of the curv A P which joins A and P and is tangential to A t at A; 
A y and V P are its semitangents ; and we have 

A - 2 icAP; R = Ar/tan(A/2) = PP/tan(A/2). 


FIk. 44. 


129. Fig 44. In a given curv, A C, to find the point, B, whence 
a tanireiit, B f, can he run to a iriven point, f. For approx 
instrumental solution, see il 12G, Fig 42. 

Given, radius, H, curv point. A, direction of initial tan, A V, and 
the co-ordinates, A to and to/, of the given point, f. 

(If the co-ords, A w and lo L are not given, see below.) Required, 
the angle, A 

Thru f, draw ef 1 A O. Then ; — Ac — ic /; e f = A to; and 

( / A w R R 

Inn >/ r- , cos .r — - — • A - 

c 0 R — ic f Of A lo/sin y 

It the co'ords, A w and w f, arc not i^ivcn, and if they can- 
not easily be measured ; take any convenient point, as x, on the 
initial tan, A V ; measure x f and A x, and the angle, A x f or its 
supplement, a = 180° — A x f. Then : — 

A 10 = A X 4 X m = A or -f a? / cos a ; 

10 f = xf sin a = xv tan a. 



130. Fig 45- Havinpf two ourvH, A Ih and A Bg, starting from 
a common curv point. A, it is required to connect them by means 
of n third curv, A' B', tangent to both curvs and starting from 
a given point, as A', on one of the two curvs. 

Given, both radii, Rm and Rg. and the sweep. A*, (or «) = A'0« A, 
of the curv containing the given pf^nt, A'; 

Required, the common semitangent, T; the sweep, Ac (or g) of 
A B', and the sweep A** (or n) and the radius, jBn, for the new 
curv, A' B\ 
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Here we have : — 

T = AV = A' V = B'V = B, tan(«/2) = Ri, tan(o/2) 

= /?«tan(n/2). Hence:— ' 

Tan(flr/2) = T/Rg; n = 180“ - (« + x;) ; Rn = r/tan(n/2). 



131. Fig 40. Given two eurvn* .1 E and li (h having difF given 
radii, Rg and J?-, and diCf centers, Og and Ov. and given tlu' semi- 
tans, AV and V li, with their sweep, A; it is reqnirod to find the 
common radial line, OgE, of the two curvs, their sweeps, Au (or//) 
and A* (or a) and the shortest dist, d. ))etw them, id will he In 
the line Og E, which joins the centers, Og and Ot, of the two curvs ) 
For graphic solution, see 11 120. 

Draw OgB' 1 F iJ, and extend curv .4 ^ to intersect Og B' In B\ 
Draw Y’ B' |] F B, From F' draw F' i 1 V B. Then : — 

F' = A F' = Rg tan(A/2) ; F F' = A F' - A F; 

B ' 1 = F'i = F'FslnA; 1’ < = F'FcosA. 


Draw Os L I Og B'. Then : — 

0, L = B I = B' V' -Y V i - V B ; 

Og L - Og B* - L I - B' I - Rg - Rs - B' I ; 

Tan « = Os L/Og L : 

Ai' = A — A» and 

d = Rg — Rs — {Og L) secs. 


See letter from Wm. R. Dunham, Jr., Eng Record, 1906, Apr 7, 
p466. 

Chanjges of Location, 

132. In the following, R, T, E, etc. A, F, B, A, etc, indicate the 
given radius, semitan, ext dist, etc. T. C., vertex, C. T., sweep, etc, 
for the existing curv ; and R', T', E, etc. A', V', B\ A% etc, indicate 
corresponding lengths, points and angles for the new curv. In 
general, solid lines, in the Figs, n‘fer to the existing curv ; dotted 
lines to the new curv, or to demonstration of formulas. 


Tangents Unchanged. 

133. Pig 47. Change of curv joining two given tans (A and F 
constant) ; requiring change of given R, T and E {E —VP). 

Here, T { = AV) = R tan (A/2) ; r { = r V) = R' tan (A/2) ; 
T - T = AA'; E ( = FP) = Bex8ec(A/2) = !rtan(A/4); 
jB'( = FP') = P'eisec(A/2) = rtan(A/4); E - E' = P P' ; 
R ^ R' z= (0 O') cob(A/2). 
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Therefore : — 

1. Given T ; reqd 72' and E\ 

R - B' = (T ~ T') cot(A/2) ; 

E - E' = (li - Ji') exaec(A/2) = (T - T) tan(A/4) 

2. Given E’ ; reqd R* and T\ 

E ~ E' 

R' = RE’/E; R - R' = ; 

exsec (A/2) 

T ~ r = (R - R’) taii(A/2) {E - E’) cot(A/4). 

3. Given R\- reqd T and E\ 

T-r - (72 - E') tan(A/2) ; 

E - E* {It - 72') exsec (A/2) - (T - 7") tan(A/4). 


T- 



134. Changes In TnngentM. Where only one of the tans is 
chang'd, wo assnnK', for the sake of uniformity, that this is the. 
final tan, the intlial tan remaining unchanged; but, with the proper 
changes in the lettering, the instructions given apply equally to the 
reverse case; i. c.. where the itUtial tan is changed, the final tan 
remaining unchanged. 

One tanRent shifted parallel with itself ( A constant). Tan 
point, R, changed. 


A' A V* V 



135. (1) Fig 48. Radius, R, constant; curv point, A, shifted. 
A A', B 0 O', V V' equal and parallel. 

Given, dist, B b, betw tans. Reqd, the shift, A A'. 

B b 

A A' = BB' = . 

sin A 
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Here we have : — 

T = AV = A' V = B'V = B, tan(«/2) = Ri, tan(o/2) 
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Chanjges of Location, 

132. In the following, R, T, E, etc. A, F, B, A, etc, indicate the 
given radius, semitan, ext dist, etc. T. C., vertex, C. T., sweep, etc, 
for the existing curv ; and R', T', E, etc. A', V', B\ A% etc, indicate 
corresponding lengths, points and angles for the new curv. In 
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lines to the new curv, or to demonstration of formulas. 


Tangents Unchanged. 

133. Pig 47. Change of curv joining two given tans (A and F 
constant) ; requiring change of given R, T and E {E —VP). 

Here, T { = AV) = R tan (A/2) ; r { = r V) = R' tan (A/2) ; 
T - T = AA'; E ( = FP) = Bex8ec(A/2) = !rtan(A/4); 
jB'( = FP') = P'eisec(A/2) = rtan(A/4); E - E' = P P' ; 
R ^ R' z= (0 O') cob(A/2). 
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Given, BB‘. Reqd R‘, A A’ and YV'. Draw 0*0 11 AK; and 
F' e 11 U B’, Produce radius 0 jB to meet tan A A In K. 

B B* ~ B K — B'K = R exsec A — E' exsec A 
zz {R — R*) exsec A- • 

BB* BB* 

R - R' = ; and R' = R . 

exsec A exsec A 

A A' = G 0' = G 0 tan A = (A - R') tan A 

B B’ B B' 

— tan A = 

exsec A tan ( A/2) 

F'e BB* 

V V* = = . 

sin A siii A 

138. Each tan shifted, parallel with itself. A constant. R 
constant. Curv point, A, and tan point, B, changed. 



(1) Klg .11. Both tniiH ahifted outward, as shown, or both 
inward 

Let tan A V he shifted thru dist A a; tan V B thru dist B b. 
Then A A', B B’, 0 O* and V V are equal and parallel. 

Required a A' and h B'. 

Let V" be the intersection of A F and F' B'. 

Draw V K 1| Bh, and F' H || A a. Then : — 

Bh A a 

a A' = F H = F F" - F" H = . 

sin A A 

Bb Aa 

bB* = AF' = AF" - F^F' = . 

tan A sin A 

138. (2) Pig 52. One tan ahitted Inward, the other outward. 

Let one of the shifts, A a, be considered negativ. Then F" JET 
and F" F' are negativ ; and 

o A' =: F F'' plus F" H ; 6 B' = A F'' plus F" F'. 
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Divergent tangrents, V z apd V* forming angle, a. 

140. Figs 53, 54, 55. Tangents intersect In tangent point, B. 



Fig. 53. 


Fig 53. (1.) R constant; A shifted; new tan point, Jf?'. Given 
curv A B, radius, R, and angles, A and o. A' = A ± «•* 

Required dist A A'. 

Make angle AOP = and thru O, draw e P to curv A B &t P, 
making O e = P f = R vers a. Join 0 O' and e 0\ Then : — 

0 € vers a 

AA' = 0 0' = =: R . 

sin A' sin A' 


A V V 



z' 

Fig. 54. 


141. Fig 54. (2.) A constant; R changed; new tan point, B'. 
Required, R'. 

Note. In order that the tans shall Intersect In B, we must have 
R' < R. In order that A shall remain constant, V' B' must meet 
A F at a point, F', in advance of A. a = angle, z B z', betw the 
two tans. A' = A — ®- 

Make AO P — A', and draw 0 P, intersecting curv, A B, In P. 
Draw B' e II 0 A. Then : — 


R - R' ( = 0 O') = B' e 


Pf 

vers A' 


vers a 

R ; 

vers A' 



vers a 
vers A'> 


♦In Pig 63, a Is negatlv, and A' = A — as in Fig 66, F is 

betw A and F', a is positiv, and A' = A + <*• 
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142. Fig 55 (3.) B conatantf A shifted; R changed. 
Required, E' and dist, A A\ 



Flfi;. 55. 

Draw B J 1 0 A, and O' /*' H 0 B. Then 

Af - A‘V = R vers A = R' vers A'- 

vers A 

.-.R' = R : 

vers A 

A A' = R / - B r = sin A - -K' sin A'. 



PIK. 56. 5'* 


Figs 56 and 57. Tansenta Intersect In vertex, V. 

143. Fig 56 (1.) R conatnnti A shifted; new tan point, B\ 
Given, R, A and a. 

Required, shift, A ^4^ for A. / a^/o\ • 

AV = R tan(A/2) ; A' V = R tan(A72) , 

AA' ~AV- A' V = R[tan(A/2) - tan(A72)]. 

144. Fig 57 (2). A conatanti R changed ; new tan point, B\ 
R' may he either greater or less than R. 

Given, R, A and a. 

Required, R'. 

AV = Rtan(A/2) -- R'tan(A72) ; 

A V tan(A/2) 


tan(A72) 


tan(A72) 


35 
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Divergent tangrents, V z apd V* forming angle, a. 

140. Figs 53, 54, 55. Tangents intersect In tangent point, B. 



Fig. 53. 


Fig 53. (1.) R constant; A shifted; new tan point, Jf?'. Given 
curv A B, radius, R, and angles, A and o. A' = A ± «•* 

Required dist A A'. 

Make angle AOP = and thru O, draw e P to curv A B &t P, 
making O e = P f = R vers a. Join 0 O' and e 0\ Then : — 

0 € vers a 

AA' = 0 0' = =: R . 

sin A' sin A' 


A V V 



z' 

Fig. 54. 


141. Fig 54. (2.) A constant; R changed; new tan point, B'. 
Required, R'. 

Note. In order that the tans shall Intersect In B, we must have 
R' < R. In order that A shall remain constant, V' B' must meet 
A F at a point, F', in advance of A. a = angle, z B z', betw the 
two tans. A' = A — ®- 

Make AO P — A', and draw 0 P, intersecting curv, A B, In P. 
Draw B' e II 0 A. Then : — 


R - R' ( = 0 O') = B' e 


Pf 

vers A' 


vers a 

R ; 

vers A' 



vers a 
vers A'> 


♦In Pig 63, a Is negatlv, and A' = A — as in Fig 66, F is 

betw A and F', a is positiv, and A' = A + <*• 
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» = A/2 -f (a - y)/2; =- A 

Rf = Tf/tana; Rj = Tg/tarxg. 



147 . Figs 60-01. Given, a simple i‘ar\, A M li, joining two tan-, 
gents, A V and V’ II: Uetainiug the same tans, it is regd to subntl- 
tiite 11 three-center compound curr. 

148. Fig 60. A. Retaining: A and B. Compound curv, 
A Pam Pi, B. 

Let R = OA=:OM = OB=: radius of simple curv, A M B ; 
R, = O.Pa = 0,m = 0, Pb < R; 

Rg = Oa A = 0»B > R; 

s = PaOsPi,; g =: A Oa Pa = B Ob Pb 

A ~ A O R ^ .s -f 2 j 7 = sweep of simple curv, A MB; 

M m — dist ladw mid points of the two curvs 
Produce V 0 to k, and draw Obk ± V K. Then 
Obk = 06 0Rln(A/2) = (Rp - R) sin(A/2) 

=: 06 0«sin(a/2) = (Rp — R«) sln(a/2) ; 
whence ; — 

(Rp - R) sln(A/2) A-9 

Sin s/2 = ; k = ; 

Rg -R. 2 

R sin (A/2) - R. Kin (a/2) 

Rp = 

Min (A/2) — Kint-vA’) 

Draw Of n 1 OB. Then 

0 0. = O. n/sln(A/2) = (Rp - R.) sin fli/Bln( A/2) ; 
and 

M ni = 0 O, O, m — O il = (> 0. — ( 0 M — 0. m) 

sin g 

'J= (Rg — R.) (R-R,). 

Bin(A/2) 


*Froni the equations for sin lA -f B). cos (A -f 2?), sin (A — • B) 
and cos (A — B), i|jl 16, 16, p975, it ran be shown that 
s — g A tan(«/2) - tan(j7/2) 

sin — sin — X ; 

2 2 tan (8/2) + tan(jr/2) 

tan (a/2) 

and, from Tg = T» , 1167 .and p 11(5), w'e have 

tan (p/2) 

Tg^— T» tan(s/2) — tan((;/2) 


Tg + T, 


tan (a/2) -f tan(f;/2) 
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149. Fig 0)1. B. Retaining the same middle point, M. 

Compound curv, /i'i’aJf Pj) if'. 

Let R ~OA— OM=:OB=z radius of simple curv, AMD; 
R, = (),Pa = (), M - OtTb < R; 

Rg — OaA' ~ Ob li' )> Ri 


8 = Pa Ob Pb; g — A'OaPa — B'ObPbS 

A = AOif =: s -h 2«;. 



In the Fig, produce the curve, Pb M Pa, to meet, at n, the line, 
0$k, jl OA; and draw nh || PaOa, and n f || 0» 0. Then n is a 
point in the long chord, MA (not drawn), and in the long chord. 
Pa A' (not drawn) ; the Ian, eti, thru n. Is || AV; and 

nk = A e =. n/ vers(A/2) = (R — Rb) vcr8(A/2) 

~ A' e' = nhxersg = {Rg — 72*) vers p; 

whence we have : — 

nk (R — J2») vers(A/2) 

vers e = — ; 

Rg — Rt Rg — R$ 

Rff = .R* -f (n Av'vers g) ; 

R# = ie — [nfc/vers(A/2)]. 

cot(g/2) = cot(A/4) + {AA’/nk) ; s = A — 2p; 

AA' = BB' = &A' - A*A = tifc lcot(p/2) - cot(A/4)] 

150. Shifting C.T. along Its tangent. Fig 62. Given a com- 
pound curv, U P E, joining two tans, U V and V B, Uelaining the 
same tangent-directions, and the given initial radius, Ru, it is de- 
sired to make the second branch join the same final tan, V E', as 
before, but at E\ instead of at E. 

Required, the new final radius, i?«', and the new distribution of 
the sweep, A. betw the two branches; i. e., the new values («' and 
e'), of the sweeps, u and e. The change involvs shifting the C.C. 
from P to a new point, as P'. 

Let y ( = EE') be positiv when measured forward from E, as in 
Fig 62. 

As in Fie 62, let the subscript, c, refer to that branch whose 
radius, Ke, is to be changed ; and let the snbscrlpt u refer to the 
other branch. 
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Since the tangent-directions are unchanged, we have A = 
tt -f e = u' -f e'; and u' = u e — e'. 

In the Fig, produce the u branch, JJ P, to meet, at n, the line, 
Ou n, drawn parallel with Oe E (n is in any straight line P E, P' E' 
Joining either C. C. with the corresponding tan point). Draw n f, 
II and = Ou Ot Re — Ru = f E. Draw n k', i Oe E and i 0/ £?'• 



FIk. 62. 


(1) Given the change ( = P OuP' = - e -• «") in the 

sweeps; reqd Re' and y { ~ E E'). Here we have c' = P' Oe' E' = 
P' Ou n = A — (ti P Ou P'). In the b'ig, draw n i |1 and = 
Ou Oe' = Re^~ Ru. Then 

E’ k’ ~ iRc' — Ru) vers c' = E k = {Re — Ru) vers e. Hence, 

R«' (= Oe' E') = Oe' i =z Pu -j- (Re — Ru) vers e/vers e ' ; 

vers e' 

y (= EE' = nk' — nk) = E' k' cot(e'/2) - P ft cot(e/2) 

= Ek [cot(e72) - cot(c/2)] 

= (Re — Ru) verse rcot(e72) — cot(e/2)]. 

(2) Given Re' ; reqd P OuP' ( == u' — i* = e — e') and 
y ( = EE'). Here we have; — 

E' k' Ek (Re — Ru) vers c 

vers c' = = = ; and 

ni ni Re‘ — Ru 

POuP' = e — e'; tt' = M + P OuP'. 
y ( = EE') as above. 
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(3) Given y ( = EE*)', reqd P OuP' ( = e — e') and R/. 

Since (see above) y { — EE*) — Eh [cot(eV2) — cot(r/2)]^ 
we ha ve ; — 

y V 

= cot(e72) -• cot(c/2) ; and cot(eV2) = cot(e/2) + 

Eh Eh 

y 

— cot I c/2) -j . Then- — 

{lie — ii‘u) verse 


P 0« !•' and Rt' may he found as above. 

Plus nnd minus sif^iis. See p 017, jf 60. 



E* Ijcyond K 
{y po.sitiv) 

E* hetw E and V 
(V negativ) 

Re > Bn 

(h"ig 62) 

BH 

Re Ru 

Re < Ru 

P Ou P‘ 

positiv 

negatlv 

negativ 

positiv 

e* 

< e 

> e 

> e 

< e 

R/ 

> Re 

> Re 

< Re 

< Re 



151. Fig 63. Given a compound cnrv, V P E, Joining the tana, 
U V and V E. It is required to shift the final tangent, V B, 

parallel with Itself, to tbe new position, V' E*, retaining the original 
radii, Ru and Re. The change Involva shifting the C. C. from P to 
a new point, as P*. 

As in Fig 63, let the subscript, e, refer to that l)ranch which 
joins the tan, V E. to be shifted ; and let the subscript, u, refer 
to the other branch. 

Since V E and V* E* are parallel, we have A = + ® = 

or u* = u + e ~ e*. 

Given e. Re, Ru and the shift, a* ( = p) of tbe tan (call 
poeitM when measured inu aid from E, as In Fig 63) ; 

Required the new distribution of the sweep. A* hetw the two 
branches; i.e., the new values, («' and e*,) of the sweeps, u and •. 
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Draw On M 1 Oe E and l Oe' E\ Then 

(1) 0/ i/' = Re — R' M' = 0«' Oucose' = (R« — Ru) cose'; 

(2) Oa M = Re — E M = Oe Ou COS c = (R. - Ru) cose. 
Subtracting (2) from U), we have 

E M - E' If' ( = R Q) ~ 0 ) — (Re ~ Ri.) (cos e' - cos e) 
and 

0" 

COM e' — cos € -f ; ii' — A — c'* 

Re - Ku 


l»lns and minus signs (A < 1^0“ 

). See H GO. 



V E' inftidc of F R (a? posiliv) 

1"' E' out.wlc of / 

(a; negativ) 

Re > Ru (Fig 03) Rp < Ru 

Rp > Ru 

Rp 

< Ru 

e' < e e' > c 

c' > c 

c' 

< e 


152. Figs 64. Given a compound curv, U P M E, joining the 
tans, U V and V E. It is desired that the direction of the tan- 
gent V E shall he changed to I ' E, V' E forming, with V E, the 
angle, a = F E F', and passing thru E. 

Retaining the hr't radius, Ru. and the curv point, U, it is re- 
(iuir«'d to find the new radius, R,', replacing Rr^ and the changes in 
tt and The change involvs shifting the C.C. from P to a new 
point, as P\ 

A, A' = compound curv sweep for old and new curv respoctlvly. 
Ri, = initial rad (uncliangod in this problem t. 

R,, ;?/ = final radius for old and now curv respectivly. 
u. a' — sweipnf R»for old and new curv respectivly. 
e r: sweep of Rr. 

c' — sueep of Rf' 


Tlion A =«+<'■- A' ± a « = 
e = 

A' — m' + c' =r A ± « ~ 

e' 

Required, R/, A'. a»d «'• 



A' ± 0 
A' ± « 
A ± o 
A ± a 


c 

u 

e' 

u'. 


153. (1) Given A* «* Wt e, Ru and Ro. Graphic method. 

From E, draw a line in I lie direction, E OP i F' E On this line, 
measure EH ~ Ru. .loin H (K. Bisect H Ou in h, and draw 
h Oe' 1 H Ou, to meet EH (produced, if necessarvi in OP. Then, 
HP = Ru ± H OP - Ru± Ou OP ~ E H ± H OP - E OP. 

From OP. thru Ou, draw OP P\ to Intersect the U branch, U P 
(produced, if necessary', in the new C.('. at P'. Then 
e' = P'OPE; u' = UOuP'. 


When 

Fig 

We have Ru Oe & OP in Foci | 

Maj axis 

Re > Ru 

<1, 

- OP E — OP Ou 1 

Oe E - Op Ou i ' 

= Re — (Re — Ru) hyperbola Ou, E 

w w r= Ru 

Re < Ru 

h 

1 = Op' E 4- Op' Ou : ' j- 

= OetE + Of Ou 1 

I = Re -{■ (Eu — Re) ellipse, Ou,E 

mn=zRu 


154. Figs 64. (2) Given A. a, u, e, Ru, Re, U V and E V. 

Or, if 17 F and E F arc not givi u, we have : — 

UVsinA = RuversA + (R« — Ru) verse; see eq (74). f 

EVslnA = Re vers A — (R« — R«) versa; see eq (72). 










hen (as in Figs 64) VV' > UV, then A' > A. and Rt' < Rw: 
vice versa. This affects the signs ( -|- and — ) of the other 
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RESURVBY OF CURVS 
To find the sharpneM, D, of an existing corr. 

155. PlK 65. Vertex, X, neceNHible, and directions of tans, 
V A and V B, given. Required, radius, R (or sharpness, D) ; A 
and B. 

With the Inst at V, measure A; and from either tan, lay off 
angle, B V P or A V P = (180® — A)/-- Measure the external, 
E = V P, from V to cen line of existing track. Then we have : — 

E(= 0 A = 0 E)=r E/exsec(A/2) ; 

T {=: A V := VB) =r i?/tan(A/4) = Etan(A/2); 

Bin (D/2) = no/;e. 

Approx, we have D z= 57.^0/E. 



FIk. 65. FIb. 66. 


156. FIb <16. Vertex, V (not shown), inaccessible. 

Set up over a point, as p, in the center line of the curv, prefer- 
aitly at or near eltlier end ; and lay off and measure peripheral 
angles, a p h, b p c, etc., each subtended by a unit chain (as a 6, 
be, etc.), on the curv. The average of these angles may be taken 
as (approx) the peripheral angle, D/2, of the curv; and twice 
(D/2) = D as the sharpness.* 



FIs. 67. 


157. Fig 07. Or set over any point, p, in center line of track. 
Measure one chain, p m = p it. In eacn direction, to m and to 
also in cent('r line. Measure angle (j p n = J)* 

*Iii all such work, the entire curv should be covered as thoroly 
as practicable, the method being repeated, over different portions 
of the curv, and an average taken ; for, in curvs which hav been 
used for some time, the curvature Is frequently found to vary from 
point to point, the track having been thrown out of true by traffic, 
and perhaps relined by eye without reference to center stakes. 
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IBS. By middle ordinates. Fig 68. In any circle, 

(2 R - m)ni = (c/2)* 

Approximately, 2Rm — (r/2)*; 

rV4 c* 

or upprox, R — = . 

2 m 8 w 

Hence, if a cord, of any given length, c, subtending a small sweep, 
be St retch t betw two points, n and p, on the inner side of the head 
of the outer rail, and if its mid ord, m, be measured, to the rail 
head, we have : — 

R = (c*/8m) — half the gage. 



FIk. 68. 


Usually the half gage may be neglected. 

Then sln(/>/2) = oO/R; or, approx, D — 5730/R. 

If the cord be IdOft long ( — oik* chain length), and the mid ord 
w, in ft, measured, D may be taken at once from table, pp 808-9.* 

158. Conversely, to find the mid ord, M ins or m ft, corre- 
sponding to any given length of cord, c. in feet, and to any given 
sharpness, 7), or radius, R, we have (ajiprox) 

M, ins, = 12m zz 12cV8/; = 1 .*i c-//^ 

Thus, with a 30-ft rail (c zz approx .'10 ft 1. on a cnrv (A’ 
1910 ft), we have, approx : — M — 1.5 X 900/1910 z= 0.707 inches. 

Again, (approx) c ~ VS m R zz \s m 5730//7 zz 214 

If, now. we make M = mid ord In ins zz 12 m zz D, In degrees, or 
m zz D/12, we have, approx : — 

IHD ISD 5730 , 

c zz ^ . R = ^ . = V3^ =z 61.81ft. 

\ 12 \ 12 D 

Hence, with a cord, c, Cl. 81 (say 62) ft long, we have: — 

U zz mid ord in ins = sharpness, D, of curv In degrees.* Com- 
pare 178. 

160 . Fig 69, From any point, as a (preferably a joint), on the 
inner or gage side of the outer rail, sight to another such point, 
as 6, such that the line of sight, a 6, is tangent to the gage side of 
the inner rail, as at p. 

♦In all such work, the entire curv should be covered as thoroly 
as practicable, the method being repeated, over different portions 
of the curv, and an average taken ; for, in curve which hav been 
used for some time, the curvature Is frequently found to vary from 
point to point, the track having been thrown out of true by traffic, 
and perhaps rellned by eye without reference to center stakes. 
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Then, for the mid ord to the chord, a h, we have p p' = G = 
gage. 

Let I = rail-length, in ft; N = number of rail lengths In arc, 
ap' h. Then A I — are. u p' h, in ft. 

Let 5 = angle, a Ob; 0 = chord, o b ; R' = outer-rail gage-side / 
radius ; R ~ e<‘nter-line radius ; U — eenter-line sharpness. 

Measure C “ ah: or count N, find N I, and (generally near 
enough) assume chord, ah = arc, A' 1. Then: 
tan(5/4) r= tan p' a p ~ 2 O/C; Ji' = C/2 sin(5/2) ; 

R = R' — (0/2) sm(D/2) = 50/R; or, approx, D = 5730/R. 





Claaalflcation of Reaurvey Caaes. 

101. As to the choice of method of procedure, resurvey cases 
may be classified as follows : — 

A. Vi'rtex, V, accessible; short curvs ; 

B. Vertex, 1 , inaccessible; 

1 Curvs of moderate length; 



A. Vertex, V, acceaalble; abort eurva. 

102. Fig 70. Locate vertex, ’V, thus; with inat. at a point, X, on 
a tangent, say 50 ft back from the curv point, A, backsight along 
the tan, and plunge telescope, sighting toward V. Doing the same 
at Y, on the other tan, V B, we find the intersection, V, of the two 
tans. 

Find A, E, R, D and T as in H 165. 
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Then, 

L ( = curv length, A P B, in unit chains?) ■= ^/D. 

Locate the curv i)oints, A and It, by laying off T = V A ~ V B, 
from V, or by laying off L/'l, in ft, along cen line of curv, from P 
L/2, in unit chains, = /\/i'2D) ; L/2, in ft. = 50 A/f^* 

With inst at P, lay off right angles, VPm and V P n. locating 
the tan, mn; and verify angles m P A = n P B = ^/4 ; or 

With inst at A and at B, verify angle V A B — V B A — A/2, or 
rAP-VBP = i\/A. 

If the track has shifted materially at P, giving a false value of 
E, the foregoing equations will of course give false values of R and 
D. Compare the value of I), so found, with the value recorded. If 
the track has shifted betw P and 1 or betw P and VL»the measure- 
ment of L/2 from P, as above, may give false positions for A and 
B. The di.screpaucies must be adjusted, according to circumstances. 

Run the new curv, marking it temporarily. Observe what amount 
of throw, and in which direction, la required at each point. Re- 
adjust, if necessary, and drive stakes to mark the final location 

B* Vertex, V, InncceNHilile. 

Carva of moderate length, 
a. By Trial Curv. Fig. 71. 

103. Given, the sharpness. I), of an old curv, whose original 
position was A It, and the directions of its tans. .4 V and V B. 
Required, A and the positions of the T.C. (.1) and C.T. (R) 

Let .4" he the supposed position of the T.C., or a ])oint. near the 
T.C., on the tan or on the tan produced. Set over A", and begin 
running a trial curv, A" m, of the given .sharpness, I), marking the 
100 -ft chain points temporarily. 

If A" is materially distant from the T C. (.4). as in Fig 71*, the 
trial curv, A" m, will soon he found deviating seriously, as at m, 
from the old track, A D. Measure the distance, m «, betw the trial 
curv. A" m, and the cen line, A B, of the old track. Then, for the 
shift. A" A, re<id for the T.O., we hav<‘ : - 

HI H t 

A" A = m ft — (approx) ni n’ * — , 

sin A»» 

where A»» (orwf) = sweep of trial curv betw A" and m* 

Let A" A' represent the approx value thus found for the shift, 
A" A. Move inst to A’, and re-run the trial curv, with D as 
before, taking transit points, 'I\, Ti, etc., at preferably e(iiml dists 
of say 500 ft. From each transit point, locate a short line, as 
TtX, parallel with the original tan, AV, marking said line with 
a nail, as at w. 

Run the trial curv, A' 7 * 3 , thru a sweep, to a point, as Tt, 
where its final tan, u' 1\, is supposed to he parallel with that, V B, 
of the old curv, A B Thru T 4 run a line, TiU, parallel with V B, 
and measure the angle, tti betw l\u and ff Tt, produced. Then ; — 
A - a ± 

•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tan.s of the two curvs, at m and at 
a, would be approx parallel. 

tin Fig 71, the angles, A»»*> A* and A* ara designated as nt, » 
and t, respectivly, to avoid overcrowding. 
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Locate the terminus, B', ot the trial curv, A' accordingly. 
The tan, V'iJ' is then parallel with the tan, 7 B, thru B; and angle 
F V'B' - E V B A . 

Measure the diet, B' e, from B' to the cen line of the old track.* 
Then, for the shift, A' A = B' B, still reqd, to bring A' and B' 
inu) tlu'lr proper positions, A and B, respectivly, we have: — 

B' e 

ir n = * 

sin A 



Each of the transit points, Ti, 7'j, etc, is also to be shifted thru a 
dlst = B' B, in the direction. T-iX, parallel with the original tan, 
AV; the entire curv being thus shifted, in that direction, thru 
a dist = B' B. 

If the trial curv. A' B' had fallen inside (instead of outside) the 
existing track, this shifting of the trial curv would of course have 
been in the opp direction. 

From each transit point, os thus shifted, and from A, the curv 
may now be re-run in each direction, coinciding nearly with the 
existing track. The max dist, from Inst to stake, will be half the 
dist betw transit points. 


•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tans of the two curvs, at m and at 8, 
would be approx parallel. 



956 


BAILROADS. 


Then, 

L ( = curv length, A P B, in unit chains?) ■= ^/D. 

Locate the curv i)oints, A and It, by laying off T = V A ~ V B, 
from V, or by laying off L/'l, in ft, along cen line of curv, from P 
L/2, in unit chains, = /\/i'2D) ; L/2, in ft. = 50 A/f^* 

With inst at P, lay off right angles, VPm and V P n. locating 
the tan, mn; and verify angles m P A = n P B = ^/4 ; or 

With inst at A and at B, verify angle V A B — V B A — A/2, or 
rAP-VBP = i\/A. 

If the track has shifted materially at P, giving a false value of 
E, the foregoing equations will of course give false values of R and 
D. Compare the value of I), so found, with the value recorded. If 
the track has shifted betw P and 1 or betw P and VL»the measure- 
ment of L/2 from P, as above, may give false positions for A and 
B. The di.screpaucies must be adjusted, according to circumstances. 

Run the new curv, marking it temporarily. Observe what amount 
of throw, and in which direction, la required at each point. Re- 
adjust, if necessary, and drive stakes to mark the final location 

B* Vertex, V, InncceNHilile. 

Carva of moderate length, 
a. By Trial Curv. Fig. 71. 

103. Given, the sharpness. I), of an old curv, whose original 
position was A It, and the directions of its tans. .4 V and V B. 
Required, A and the positions of the T.C. (.1) and C.T. (R) 

Let .4" he the supposed position of the T.C., or a ])oint. near the 
T.C., on the tan or on the tan produced. Set over A", and begin 
running a trial curv, A" m, of the given .sharpness, I), marking the 
100 -ft chain points temporarily. 

If A" is materially distant from the T C. (.4). as in Fig 71*, the 
trial curv, A" m, will soon he found deviating seriously, as at m, 
from the old track, A D. Measure the distance, m «, betw the trial 
curv. A" m, and the cen line, A B, of the old track. Then, for the 
shift. A" A, re<id for the T.O., we hav<‘ : - 

HI H t 

A" A = m ft — (approx) ni n’ * — , 

sin A»» 

where A»» (orwf) = sweep of trial curv betw A" and m* 

Let A" A' represent the approx value thus found for the shift, 
A" A. Move inst to A’, and re-run the trial curv, with D as 
before, taking transit points, 'I\, Ti, etc., at preferably e(iiml dists 
of say 500 ft. From each transit point, locate a short line, as 
TtX, parallel with the original tan, AV, marking said line with 
a nail, as at w. 

Run the trial curv, A' 7 * 3 , thru a sweep, to a point, as Tt, 
where its final tan, u' 1\, is supposed to he parallel with that, V B, 
of the old curv, A B Thru T 4 run a line, TiU, parallel with V B, 
and measure the angle, tti betw l\u and ff Tt, produced. Then ; — 
A - a ± 

•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tan.s of the two curvs, at m and at 
a, would be approx parallel. 

tin Fig 71, the angles, A»»*> A* and A* ara designated as nt, » 
and t, respectivly, to avoid overcrowding. 
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16K» Fig 73. But points on the final ciirv, A-i may he located 
t>y simple measmt from the curv, A 11, thus : — 

Required, to find (approxl the dist, hetw the two curvB, 
A B and Ai measured 1| with the central radius, Oj Pi. 



In Fig 73 (grossly exaggerated; see detail. Fig 73a), let the 
dotted curv, P, iro represent a ourv having the same radius, P, as 
curv, AJi, but passing thru the mid point, Pi, of curv AiB^; and 
let he the dist (parallel with PPi) from a given point, Wt, on 
curv to a required poini, a-,, on the reqd curv, AiBj. Draw 

ffil and a’22, parallel to the tan, I\ n, thru 1\. Then ; — 

~ P, 2 ~ Pi 1 r=: P »l _ P, 1 
== P vers 2a — Pi vers 25; where o = nPiXt, 
and 6 = nPi«i; 

and the dist, a from the curv, A B, in the same direction, to the 
reqd point, ajj, on the final curv, AxB^, is 

wxi = WW 2 — XsXi =. P l\ — (P vers 2a — P; vers 25.) 

This method Is sufficiently approx In practice, notwithstanding 
that the mea.suremeots, given by I he equations, are parallel to P Pi, 
instead of being radial to either curv. .\s this divergence increases 
(with the dist of the point, Xx, from Pi) the dist, xx-x^ hetw the 
two curvs, diminishes. 
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Then, 

L ( = curv length, A P B, in unit chains?) ■= ^/D. 

Locate the curv i)oints, A and It, by laying off T = V A ~ V B, 
from V, or by laying off L/'l, in ft, along cen line of curv, from P 
L/2, in unit chains, = /\/i'2D) ; L/2, in ft. = 50 A/f^* 

With inst at P, lay off right angles, VPm and V P n. locating 
the tan, mn; and verify angles m P A = n P B = ^/4 ; or 

With inst at A and at B, verify angle V A B — V B A — A/2, or 
rAP-VBP = i\/A. 

If the track has shifted materially at P, giving a false value of 
E, the foregoing equations will of course give false values of R and 
D. Compare the value of I), so found, with the value recorded. If 
the track has shifted betw P and 1 or betw P and VL»the measure- 
ment of L/2 from P, as above, may give false positions for A and 
B. The di.screpaucies must be adjusted, according to circumstances. 

Run the new curv, marking it temporarily. Observe what amount 
of throw, and in which direction, la required at each point. Re- 
adjust, if necessary, and drive stakes to mark the final location 

B* Vertex, V, InncceNHilile. 


Carva of moderate length, 
a. By Trial Curv. Fig. 71. 

103. Given, the sharpness. I), of an old curv, whose original 
position was A It, and the directions of its tans. .4 V and V B. 
Required, A and the positions of the T.C. (.1) and C.T. (R) 

Let .4" he the supposed position of the T.C., or a ])oint. near the 
T.C., on the tan or on the tan produced. Set over A", and begin 
running a trial curv, A" m, of the given .sharpness, I), marking the 
100 -ft chain points temporarily. 

If A" is materially distant from the T C. (.4). as in Fig 71*, the 
trial curv, A" m, will soon he found deviating seriously, as at m, 
from the old track, A D. Measure the distance, m «, betw the trial 
curv. A" m, and the cen line, A B, of the old track. Then, for the 
shift. A" A, re<id for the T.O., we hav<‘ : - 

HI H t 

A" A = m ft — (approx) ni n’ * — , 

sin A»» 

where A»» (orwf) = sweep of trial curv betw A" and m* 

Let A" A' represent the approx value thus found for the shift, 
A" A. Move inst to A’, and re-run the trial curv, with D as 
before, taking transit points, 'I\, Ti, etc., at preferably e(iiml dists 
of say 500 ft. From each transit point, locate a short line, as 
TtX, parallel with the original tan, AV, marking said line with 
a nail, as at w. 

Run the trial curv, A' 7 * 3 , thru a sweep, to a point, as Tt, 
where its final tan, u' 1\, is supposed to he parallel with that, V B, 
of the old curv, A B Thru T 4 run a line, TiU, parallel with V B, 
and measure the angle, tti betw l\u and ff Tt, produced. Then ; — 
A - a ± Lt 


•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tan.s of the two curvs, at m and at 
a, would be approx parallel. 

tin Fig 71, the angles, A»»*> A* and A* ara designated as nt, » 
and t, respectivly, to avoid overcrowding. 
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latofrf ~ ad- = aV + 6©' + ©d' 

= (lb cos A -f be cos i? 4- cd cos 0; 
oA = ad" — d'T — YA 

= od" - dd'Vtan A - R tan (A/2). 
(For dd", see below. R — radius of existing curv). 



Departures (dists normal to the latitudes) ; for finding dist dB 
and location of point, It : — 
dep of d rr (Id- — hJ/ + ce' -f dd' 

= ab sin A + be sin B + cd sin C; 
dB = dV - VB 

— ddVsin A — A*tan(A/2). 


a A P* 



“Throxv” 


169. Fig 75. (For ciirvs with spirals, see end of this H.) 
Having thus, by means of the traverse, M 166-168, Fig 74, 
toiind the curv point. A. and tan point. It, the several traverse pta 
may l)e used for locating. l)y simple measurement, as many other 
pts in the curv ; thus. Fig 75 . — To find the throw, or radial 
dlst, p q, from a given traverse pt, p, to the curv, AB; 

Let a p' z:: Int of p )referd to the origin, a, of the traverse, 
p p — dep of p j and found as in ^ 168. 


R = 
Then ; — 


radius, Oq; 


Tan A 0 p 


pp" 

Op" 


ap’ — a A 

B~p'p 


O p 


pp- ap' — aA 

sin A O p sin A O p 


pq - R ~ Op. 

If, as in Fig 75, R < Op, then p must be moved inward. 
If K > Op, then p must be moved outward. 
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Fig 76. For a point, g, in the circular portion, B Br, of a 
spirald curv : — for A, in the foregoing, road A^; and, for R p' p, 
read R + H — p' p. Then, as above, pq = R — o p. 



Long carvB» requiring compounding. 

170. In very long curvs, ospooially whore the track has become 
much nut of lino, it is somotunes found impracticnble to approxi- 
mate satisfactorily to the existing track with a single simple curv. 

Ilosort is then bad to comimundiiig with cur\s of other radii 
Since long curvs are seldom sharp, the required change of sharp- 
ness is seldom more than a few niinnles. 

The instrument is set over a point as near os may he to the 
middle point of tlie enrv, and a trial curv is run in each direction, 
with the sharpness, I), of the existing curv, ns ascertained from the 
records, as estimated, or as assumed 

When either tritil enrv Ix'gins to deviate seriously from the 
existing track, the sharpness Is to be slightly Increast or dlmlnlsht, 
as may be necessary. This may have to be done several times 
during the running of the trial curv. 



Fig 77. Suppose that one of these trial curvs, approaching from 
the right in the Fig, has thus reueht a point. A', say 500 ft from 
its destination, which is the curv pt, A, of the existing curv, Z A. 
Reqd, the location of A, and the sharpness, I), of the curv, A' A, 
which will connect tangentially with the tangent, A at A. 

Lay off a tan, A' V, to its intersection, V, with the tan, A V, of 
the existing curv, Z A. Measure the Intersection angle, at V, 
and the semitangent, 7’ rr A' K = V'^A. 

TVien, for the sharpness, D, of the short curv. A' A, which will 
complete the line, we have; — 

Ji = Tcot(A72); D = approx 57^0/ Jf .* 
and V A ( = T) = A' V, measured from V, gives the curv point, A. 
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171. Whon double-tracking an exlstlngr ftlnf^lc-track line* 

Fig 78, y A li a b z (centers at () and at o), the sharpness of curv- 
ature may h(‘ reduced (if there is room on the right of way) by 
placing the second track, i/' A' B\ B" o' V, 6" z' ( centers at O' and 



at o'), alternately on one and on the other side of the existing 
single track, constructing also the new cnrvs, A B" and a b" (centers 
at O' and at o'), and eventually removing the old curve, AB and 
ab. (Eng News lOlo, Oct 23, p802.) 

SUPERELEVA'nON 
of Outer Hall on Curvs. 

(For transition curvs, see ilH 194, etc.) 

Theory. 

173. Let a frictionless block. If, sliding forward upon a straight 
track, upon wliich the two rails are at the same level, encounter a 
curv, with superelevation, e, as shown in Fig 79. 



J73. On the curv, its (horizontal) centrifugal force, transversely 
of the track, is W v"/J{ g (p3u4) ; where IV = wt of block; v =r 
its vel, in ft ])er sec; J{ = rad of curv, in ft; and g — gravity 
accel = 32.2 ft per sec per sec. 

174. The hor component of Its gravitational tendency to slide, 
transversely of the track, down the inclined plane (t. c,, its cen- 
tripetal force), is Fh = IV tan a = We/Oc; where e = super- 
elevation, in ft, and Gc = hor dist, in ft, betw rail centers. 

175. In order that the block shall not he shifted laterally, we 
must have these two forces equal ; or IV r^/R g =z W e/Oa; whence 

superel, e, in ft, = Qc r= 0.03100 GeV^/R (114) 

For vel, V, in miles per hour, we have ; — 

superel, e. In ft, ~ 0.00(180 Gc VVIf (115) 

Approx, e, in ft = Gc D ijV5730 g ■= GcD vV184.500 

= GcDVV85.7& ....' (116) 
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176. With standard gaa:e (=4 ft, 8.5 ins = 4.708 ft), we 
have, approx, Oe = 4.9 ft, and 


superel, e, in ft 

For v, ft/sec; 

= 0.1522 vyB 

For F, ml/hour ; 

= 0.3273 VyR 



= n rV37,652 

0.000 020 56 D u* 

- I) rvi7,.5()4 
= 0.000 057 2 D P . . 

...(117) 

superel, E, in ins 

= 1.820 vyR 

= 3.928 VyR 



1) r73,137.7 
= 0.000 319 Dr* 

- D P/l, 458.0 

— ().0(H) 086 ])V- 

..(118) 


177. For other f^raKos, since the angle, a, Fig l,*is independent 
of the gage, the superel, c, for a given rad and given vel, is pro- 
portional to the gage. 


178. Chord, Co, whose middle ordinate ~ superelevation. 

Compare if if 150, 18G In any circular arc, we have, approx : — 


chord = V H R X niid ord. 

Hence (Kq 117), we have; 

Co = V8 R X 0.000 057 D (119) 

and, since R D — approx 5730. we have, approx : 

Co = 1,(52 1' -Vl.219 r = 1.1 r (120) 

ITft. ThiiS! fho cnr..ul ho inilo«/hr Pni* thi« poko lOn ( 1 ‘>0 V 


itVm iuus, lei me speeu ue tu uiiies/iu. rui luis case, r.q 

gives Co = 64.8 ft. Stretch a cord, 64.8 ft long, betw any two pts 
on the concave side of either rail head. Then, whatever be the 
sharpness of curvature, the mid ord, from this cord, to the con- 
cave side of the same rail head, will be approx the superel reqd, 
by our equations, for a vel of 40 miles/hr. 

Practice. 

180. In actual trains, superel has, in view, not only the position 
of the trucks, transversely of tlie (rack (if 175), l)ut also the 
equilibrium of the cur bodiCH. Superel counteracts the tendency 
of the car bodies to swing outward under tlie action of the centri- 
fugal force. 

181. The foregoing equations are based upon the Ideal condi- 
tions of Fig 79 ; but a railroad car, and, still more so, a train, is a 
complicated body, made up of many parts which are differently 
acted upon by diff forces; and the conditions are widely dllT from 
those of Fig 79. Friction, hetw wheel tread and top of rail bend, 
causes tlie first outer wheel of a car to roll forward so that its 
flange presses against the head of the outer rail ; and the resistance 
of that rail to the w'heel’s forward motion supplies a centripetal 
force, additional to that, Fh, of gravity (tl 174), and wanting in 
ng 79; and the action of the two principal forces, ui)ou the follow- 
ing wheels, is complicated by the traction, exerted upon them by 
preceding portions of the train. See 30, p 1001. Even if an 
ideally perfect formula, involving the speed, could be devised, its 
usefulness w'ould be limited by the fact that but one superel can be 
given to any piece of track ; altho, on most roads, trains must travel 
at widely dlff speeds. Nevertheless, these equations are quite gen- 
erally used in practice, with modifications to suit special cases. 

182. The amount and detalla of Nuperel are flxt largely by 
Individual judgment (KH 183 to 187). based upon local conditions, 
by the nature of the traffic, etc. On the score of safety and for 
the comfort of passengers, the superel is usually adjust-d for the 
higher speeds expected ; but this may entail heavy work upon 
long and slow trains ; and, where a train stops upon a sharp curv, 
a high superel causes an ohjectionahle cant in the car bodies, 

183. The superel is customarily taken at from 0.5 to 1.0 Inch 
(In some cases, 1.25, 1.5 or even 2 Ins) per decree of nharpneiisi 
'with a max total limit of from 4 to 6 (or even 8) Inches; speed 
being reduced where necessary Eq (114) requires a superel of 
0.5 inch per deg of sharpness at nl)o\it 27 mlles/hr, 1 inch at about 
38m/b, and 2 ins at about briin/h. 
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184. The common practice (If 183) of making the superel pro- 
portional to sharpness of curvature, disregards ttie fact that ht^b 
MpeedM are UNUully lowered upon sharp cur vs. See ff 187. 

185. On the New York Central (four tracks) E max = 6.5 Ins. 
For passenger trains on curvs flatter than 1“, 

E '2 ins per deg ; 

for passc'uger trains on curvs 1“ and sharper, 

E = 1 in per deg + 1.5 ins ; 
for freight trains, 

E zz 0.75 in per deg. 


This gives ; 


for sharpness 

0.25° 

0.50° 

0.75° 

1.00° 

1.25“ 

1.50“ 

1.75“ 

E, ins. 
passenger, 
freight. 

1/2 

Vi« 

1 

% 

V m 

% 

2% 

3 

1% 

314 

1 Vie 

for sharpness 

2 00° 

3.00° 

4.00° 

5.00° 

0.00“ 

8.00“ 

10.00“ 

E, ins, 
passenger, 

3 V. 

4V, 

. 51/2 

6% 

aVz 

OVa 

614 

freight, 

IV2 

2 ',4 

3 

3% 

4V, 

6 

6% 

186. The Phlla. & ^Reading makes E or 

c = mid 

1 ord 

of that 

chord whoso 

ength, 

Go, = 

1.406 V, 

is the 

dist run by 

express 


trains in one second ; E max = 8 inches. Compare Utl 178,179. 

187. Other roads use E = 1 inch i)er deg, plus a quantity be- 
ginning with 1 inch for a 1“ curv, and diminishing by y» Inch for 


each deg. 






This gives 

for U - 0 1 
E ins 0 2 

0 2“ 

2% 

3“ 4“ 5“ 

3% 4% 5^ 

6“ 

6% 

8° 

8^ 

10° 

10 

This takes account 
occur on the easiest 

of the 
<’urvs. 

fact that the fastest 
See i 184. 

running Is apt to 


For ordinary practice, the Am Ry Eng Assn, Manual, 1915, 
p 158, recommends superel E = O.OUOtiC D T*. (Compare our eq 
(118) II 176; E max -- ordinarily 8 ins. 


Cross Section. 

188. In single track, superel may he effected, either 


(1) by raising 

Inner rail 

car’s grav cen 

the outer rail ; 

remains at grade ; 

ralsd e/2. 

(2) by lowering 

outer rail 

car’s grav cen 

the inner rail ; 

remains at grade ; 

luwerd e/2. 

(3) by combining 

centerline 

ear’s grav cen 

(1) and (2) ; 

remains at grade ; 

maintains elev’n. 


The Am lly Engng Assn, Manual, 1915, p 159, recommends 
method (1). 




Saw-tooth Slept 


Pig. 80. 


180. Fig 80. On doable track, three methods are used; 
Plane. Favorable for drainage, and for placing cross-overs and 
railway and highway-grade crossings ; 

Saw-tooth, (jenerally used. Uequires cross drains under one 
of the tracks ; 

Stept. Permits drainage without cross-drains. 








964 


RAILROADS. 


176. With standard gaa:e (=4 ft, 8.5 ins = 4.708 ft), we 
have, approx, Oe = 4.9 ft, and 


superel, e, in ft 

For v, ft/sec; 

= 0.1522 vyB 

For F, ml/hour ; 

= 0.3273 VyR 



= n rV37,652 

0.000 020 56 D u* 

- I) rvi7,.5()4 
= 0.000 057 2 D P . . 

...(117) 

superel, E, in ins 

= 1.820 vyR 

= 3.928 VyR 



1) r73,137.7 
= 0.000 319 Dr* 

- D P/l, 458.0 

— ().0(H) 086 ])V- 

..(118) 


177. For other f^raKos, since the angle, a, Fig l,*is independent 
of the gage, the superel, c, for a given rad and given vel, is pro- 
portional to the gage. 


178. Chord, Co, whose middle ordinate ~ superelevation. 

Compare if if 150, 18G In any circular arc, we have, approx : — 


chord = V H R X niid ord. 

Hence (Kq 117), we have; 

Co = V8 R X 0.000 057 D (119) 

and, since R D — approx 5730. we have, approx : 

Co = 1,(52 1' -Vl.219 r = 1.1 r (120) 

ITft. ThiiS! fho cnr..ul ho inilo«/hr Pni* thi« poko lOn ( 1 ‘>0 V 


itVm iuus, lei me speeu ue tu uiiies/iu. rui luis case, r.q 

gives Co = 64.8 ft. Stretch a cord, 64.8 ft long, betw any two pts 
on the concave side of either rail head. Then, whatever be the 
sharpness of curvature, the mid ord, from this cord, to the con- 
cave side of the same rail head, will be approx the superel reqd, 
by our equations, for a vel of 40 miles/hr. 

Practice. 

180. In actual trains, superel has, in view, not only the position 
of the trucks, transversely of tlie (rack (if 175), l)ut also the 
equilibrium of the cur bodiCH. Superel counteracts the tendency 
of the car bodies to swing outward under tlie action of the centri- 
fugal force. 

181. The foregoing equations are based upon the Ideal condi- 
tions of Fig 79 ; but a railroad car, and, still more so, a train, is a 
complicated body, made up of many parts which are differently 
acted upon by diff forces; and the conditions are widely dllT from 
those of Fig 79. Friction, hetw wheel tread and top of rail bend, 
causes tlie first outer wheel of a car to roll forward so that its 
flange presses against the head of the outer rail ; and the resistance 
of that rail to the w'heel’s forward motion supplies a centripetal 
force, additional to that, Fh, of gravity (tl 174), and wanting in 
ng 79; and the action of the two principal forces, ui)ou the follow- 
ing wheels, is complicated by the traction, exerted upon them by 
preceding portions of the train. See 30, p 1001. Even if an 
ideally perfect formula, involving the speed, could be devised, its 
usefulness w'ould be limited by the fact that but one superel can be 
given to any piece of track ; altho, on most roads, trains must travel 
at widely dlff speeds. Nevertheless, these equations are quite gen- 
erally used in practice, with modifications to suit special cases. 

182. The amount and detalla of Nuperel are flxt largely by 
Individual judgment (KH 183 to 187). based upon local conditions, 
by the nature of the traffic, etc. On the score of safety and for 
the comfort of passengers, the superel is usually adjust-d for the 
higher speeds expected ; but this may entail heavy work upon 
long and slow trains ; and, where a train stops upon a sharp curv, 
a high superel causes an ohjectionahle cant in the car bodies, 

183. The superel is customarily taken at from 0.5 to 1.0 Inch 
(In some cases, 1.25, 1.5 or even 2 Ins) per decree of nharpneiisi 
'with a max total limit of from 4 to 6 (or even 8) Inches; speed 
being reduced where necessary Eq (114) requires a superel of 
0.5 inch per deg of sharpness at nl)o\it 27 mlles/hr, 1 inch at about 
38m/b, and 2 ins at about briin/h. 
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198. In the ideal transition curv, the radius diminishes pro- 
portionally as the dist from the beginning of the spiral, {measured 
along the spiral itself) increases. On such a curv, the superel, at 
each point, is that proper to the sharpness at that point, at the 
contempiatod velocity. This curv was described by Mt. Ellis Hol- 
brook, in Railroad (lazette. 1880 Dec 3, p G.39. It was treated by 
Prof. A. N. Talbot, in Technograph (University of Illinois) No. 5, 
1890-01, and afterward elaborated by him in “The Railway Tran- 
sition Spiral”, New York, Eng News Pub Co, 1904. In “The 
Ti'ansition Curve”, New York, ,Iohn Wiley & Sons, 1899, Prof. C. L. 
Crandall develops accurate methods for the application of this curv 
to cases of large sweep. This spiral was recommended for use 
by the t'ommitti.'e on Track of tue Am Ry Eng & M W Assn, Bul- 
letin 73, March lOOG, pp 58 etc. 

190. Many forms of transition curv have been proposed and 
elaborated. Between those in common use, the choice is governd 
rather by facility of computation and of location than by any me- 
chanical differences between the behaviors of tlie several curve in 
operation. 



The 10*chord Spiral 

200. In the interest of simplification of the necessary formulas, 
the American Railway ElnisinecrinK Aasociatlon (“Manual”, 
1915, page 132) recommends the use of a curv, practically iden- 
tical with the Ideal spiral just described. Said recommended curv is 
subtended by ten equal spiral chains (usually much shorter than 
lOO ft), and is called “the ten-chord spirar. In this curv, the 
sharpness increases with the dist from the beginning of the spiral, 
measured in 100-ft chains, instead of along the curv Itself, as In 
the true spiral. See example, il 233. 
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Geometrical Properties. See rules for field use, H 231 etc. 

Symbols. 

201. Figs 81a, 81b. Let the points, A, B,Bt, Af, etc, of change he 

designated as follows (A It E A “Manual”, 1915, p 135). 

(A) T. S. From tangent to spiral (hitherto called P. S., Point 
of Spiral) ; 

{B) S. C. From spiral to circular curv ; 

(Bf) C. S. “ circular curv to spiral ; 

(Af) S. T. " spiral to tangent ; 

S. S. “ spiral to spiral (from one spiral to another). 

202. AIfnbetical list of symbols. In general, the functions of 

the linal spiral are distingui.sht by the subscript, ;. 

Figs Symbols Meanings 

81, 82 C = the chord, A B, in ft, from T. S. to S. C. ; 

Cn , in ft, from T. S. to any given point, 

/*, on the spiral : 

c = tile spiral chain used, in ft ; 

c = A'- See A*- below. 

81 D rrthe sharpness of the central circular cnry,B Bf 

— (practically) the sharpness of either spiral at 
the point, B or Bf, where it joins the circu- 
lar curv ; 

d =r the sharpness of the spiral at any given point ; 

81o E = the external distance P Vr of the entire curv, 

ABBfAf, when the two spirals are equal. 
So defined by Am Ry Eng Assn. Compare 
n 238, 239. 

■ e = Af- Seo Ap below. 

82, 83 F = the angle between the initial tangent, A F, 

and the chord, P' P", joining any two given 
spiral points : 

83 f = the angle, m P' P", at any given spiral point, 

P', betw the tan, P'm, at that point, and 
the chord, P' P", to another given spiral 
point. P"; 

/ = Ar- See Af below. 

81, 82, 84, 86. . H = the dist. A' a, betw the tan, A F or A' Vr, and 
the parallel tan, a v, to the circular curv, 
aB {B Bf, produced) ; 

= the ordinate of the point, a, of the circular 
curv produced, referd to the T S. (Abscissa 
- ; 

i ■= A<- See A< below. 

k, = the increase in spiral sharpness per 100-ft 
chord ; 

L = the sum. In ft, of the lengths of the 10 equal 
spiral chains ; 

I = the sum, in ft, of the lengths of the spiral 
chains betw the T. S., at A, and any given 
point on the spiral ; . 

n = the number (1, 2, 3.... 10) denoting any one 
of the 10 chain pts on the spiral, count- 
ing from the T. S. as zero ; 

= the number of spiral chains betw the T. S. and 
any given point on the spiral ; 

q = the number of 100-ft chains betw any two 
given spiral points, P' and P" ; 

81,82,84,86.. R = the radius of the central circular curv; 

8 = the number of 100-ft chains from T. S. to 
S.C.; 

a = the number of lOO-ft chains betw the T. S. and 
any given spiral point; 
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81, 82 ... Ta, Th = the initial and final semitans, A V and Y B, of 
the spiral ; 

to, U = the initial and final semitans for any portion _ 
of the spiral ; 

81, 84 .... T,Tf = the initial and final semitangents, A Fe, YoAf, 
of the entire curv ; 

82 X.Y — the abscissa and ordinate of the S. C. (B), 

reford to the T. S. (.4 ) ; 

x,y = the abscissa and ordinate of any given spiral 
point, referd to the T. S. (A) ; 



gl^ 82 Z =: A A' = abscissa of the point o, of the 

circular curv produced, referred to the T. S. ; 
(ordinate = H) ; 

81,82 See below. 

81,80 ., Ac or c = sweep of central circular curv, BBf*; 

81,84,86. A'- or c = “ “ entire curv, ABBfAr; 

HI Ar or f = “ “ final spiral, Bf Af* ; 

81, 82 . . . Ai ori r= “ “ initial spiral, A B* ; 

83 5 = the sweep of any given portion of the spiral, 

beginning at the T. S., (A) ; 

= the angle betw the initial tan, A Y, and the 
tan thru any given spiral pt; 


See also next page. 


•Where only the initial (or the final) spiral is under discussion, 
It is usually convenient to designate the sweep as A ; but where 
the initial and final spirals are dlscust together, it may be 
necessary to distinguish betw their respectiv sweeps, and the sub- 
scripts are then used, with or without the letter, A- 
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81, 82 0 = the peripheral or “deflection” angle, V A B, at 

the T. S. (4), betw the initial tan, A V, and 
the chord, A li, of the spiral ; 

6 = the peripheral or “deflection” angle betw the 
tan, A r, at A, and the chord from A to any 
given spiral point; 

82 4) = the peripheral or “deflection” angle, V B A, 

at the S C. (B), betw the final tangent, 
V B, thru the S. C., and the chord, A B 
= the peripheral or “deflection” angle, at any 
given spiral point, betw the tangent thru 
that point and the chord from the T. S. 



KquntlonM. 

203. Figs 82, 82'. RelntionN Itetv^een I., 1, S, n, e, n nnd q. 

L = 100 8 = 10 c; B - 0.01 L; c = 0.1 L = 10 8; 


I rr 100 s = nc; n — I/c = 100 s/o; 

g = = 0.01 c («" — n') 

8 = 0.01 I — d/k - 0.01 cn - 0.001 nL (121) 

204. Sharpness. D or d. 

D = kS - 0.01 A L = 2 A/S = 200 A/I- (122) 

d ~ ks = 0.01 kl = 2 = 200 5/1 =z n A/5 8 

= 0.01k cn (123) 

205. Rate, fc, of change of sharpness. 

k = D/8 = 100 D/L = d/8 = 100 d /I = 2AA'?“ 

— (approx) 69 / 8 ‘ = 2 5/«® = (approx) G /9 /j«* (124) 

See also eq (133) 
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206. Sweep. A or 5. 

A« = A + A- + Ar (125) 

A - D8/‘Z = DL/20Q = kS^/2 = k L^/20,000 

Z= (10/n)=8 = (S/iY-S = {L/Iys 

= ( approx )1.8r>-l ^ DH (126) 

5 = rf s/2 = (1 1/200 = rfV!! k = k8"/2 = k P/20,000 

= (n/10)=A ^ = (l/LVA (127) 

Peripheral or deflection anf^le, 0 or 6. 

The angle between a tangent and a chord. 

For equations for fleld use, see fl 231, 

Value of deflection analc, Ot at T. S., or licgrlnnlnf; (A) of 

spiral, betw the tan, A F, and the chord joining A with any given 
spiral point, P, Fig 82' 

207. Let 6 = the sweep of the spiral between A and the given 
point, P, Fig 82'. Then, 

d approx* = 5/3 (128) 

For the true value of 0, w'C have, very closely, 

5/3 — 0, in seconds, = 0.00297 (6 in degrees)*. 

Thus, let 5 = 30“ ; ^ approx =; 30“/3 = 10“. Then 

5/3 - 0, in seconds, = 0.00297 X 30» 

^ 0.00297 X 27,000 

— 80.19 seconds 

or. 0 = (5/3) — 0.00297 (5'’)* r: 10“ — 80.19 seconds 

= 36,000" — 80.19" =- 35,919.81" = 9“58'39.81", 

Taking 0 approx = 5/3, we have: — 

0 appror, In degrees = 5“/3 = A:“aV6 = d 8/6 (129) 

0 appror, 111 ininUtCS = 10A*“82 — IQ d“ 8 (130) 

Hence, Figs 81, 82. for the angle @ = V A B, betw the tan, A V, 
and the cljord, A U, from A to the end, B, of the spiral, we have : — 

©approx, in minutes, = 10k°S’‘ = 10D° S (131) 

Value of deflection ang^le, 0i. at the T. S. (A), betw the tan, 
A y, and the chord joining A with the flrxt Mplral point* n = 1. 

208. I.»et 8i, ( = 0.01 o) , 01 and 5i be the values of 8, of 0 and of 
5, respectivly, for point n — 1, at the end of the first of the ten 
spiral chains. 

If A is less than 45“ (as it always is, in practice), we have, 

from eq (127), for the sweep, 6,, subtended by the first spiral 

chain : 5i < 0.45“ ; and, from eq (128) practically : — 

0, =: 5i/3 = (/,8i/6 - 8i^k/0 = (0.01 c)*AV6., (132) 

whence ^ ( 133 ) 

From eq (127), we have: — 

5i rr (1/10)* A = A/100 (134) 

(9i = 5i/3 = A/300 (135) 

From eq (130), we have: — 

, in minutes, = lOfc“(S/10)* = fc“ fir*/10 

- 1)0 S/IO = D“8i (136) 

Valuen of the deflection ancrlcM. F and t, betw a tan and 
the chord, P' P", joining any two spiral points, rigs 83a and 83&, 

- the angle betw the initial tan. .1 V, and the chord. P' P" ; 
f - the angle, at P', betw tlie tun, P' m, and the chord P' i*". 

*I>egree of approximation. Error - 0.00297 (5“)». 

When 5 = 10“ 20“ 30“ 40“ 50“ 

Brror ~ 2.97 23.8 80.2 190 371 aec8 

1000 X error/5 = 0.08 0.33 0.74 1.32 2.06 



972 


EAILEOADS. 


200. Let 

d', r 


the sharpnesses at P* and at P", respectlvly ; 


5' = the sweep betw A and P' 

= the angle, at F', betw the Initial tan, A V, thru A, 
and the tan, F' w. thru P' ; 


a', «" = the number of 100-ft chains betw A and P', and 

betw A and P", respectivly ; . 

q = g" — a' = the number of lOO-ft chains betw P' 
and P". 

Required, F and f; (f = F — 6'.) 


210. Fig 83o.* From any spiral point, P', let a viroular curv, 
P' c, be run, with the sharpness, a' of the spiral at P'. This 
oiroular curv diverges from the tan, P' w, at P', at the constant 
rate of d' degrees per 100-ft chord ; but the spiral, P' P", diverges 
from the same tan, P' m, at the constantly increasing rate of 
(d' -f A)“ per 100-ft chord, where k z= the increase in spiral sharp- 
ness per 100-ft chord.* Hence, the spiral, F' P'\ diverges from the 
circular curv, P' c, at the constantly increasing* rate of per 
100-ft chord ; but this fc is also the rate at which the spiral, A P", 
diverges from the initial tan, A V, at A. Or (since any point in the 
spiral may be taken as P') let P' be taken at A.* Then, at A, the 
initial tan, A the tan thru P* (now taken at A), and the circu- 
lar curv (here a straight line; sharpness, d', = 0°) coincide: and 
we have (with P' at A) ; d' = 0; and 

spiral divergence rate from the tangent thru A 
= spiral divergence rate from the tangent thru P' (taken at A) 
= spiral divergence rate from the circular curv beginning at P' 
(taken at A) = (d' + fc)* = 

211. In q 100-ft chords from P\ the circular curv, P' c, describes 
a sweep of q d' degrees, and a peripheral or “deflection” angle = 
half qa'; or 

mP'c = qd'/2 (137) 



212. In the same distance, q, the spiral increases its sharpnesB, 
over that of the circular curv, P' c, by q fc* ; its mean sharpness- 
increase is q fcV2 ; and its sweep-increase, over that of the circular 

•In Fig 83b, the spiral sharpness increase rate, k, is negativ; 
4. e., the sharpness decreases from P' toward P", and the spiral 
diverges from the circular curv at a decre^inp rate of (d - k) 
per lOO-ft chord. Also, In Fig 83b, if P' be taken at A, then P 
also is at A. 



^^sptral” deflection ancles. 973 

curv, Is q {qk^/'l) ~ q^k’‘/2; but the divergence, cP'P**, of the 
spiral chord, P' P'\ from the circular curv chord, P' Cy Is only one- 
third of q^k°/2 (see eq 128) ; or 

c2>'P" = q^k/Q (138) 

213. Now 

r — F - 5' = mP'P'' = mP’o cP’P" 

= qd'/2 + g*fc/6 

Eq (137) Eq (138) 
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215. Thus, l(‘t c = 20 ft; k = 2“. 

Then, 8i =r 0.01c — 0.2, and rfi = s^k = 0.4®; d^Si = 
Si^k = 0.O8: 0.0133 ; and, for instance: 


1 sighting 

g = 

iV = 

d" = 

m = f/e^ = 

r = 






2 fP 4 d" 


from 


0.01 c X 

0.01 kc 11' 

0.01 k c n" 

g - - - 

m ffi 

sta 


in" - n') 



■'*1 


n 

■1 

0.6 

2.0 


54 

0 72 

w 

M 

- 0.6 

3.2 

— 

- 63 . 

- 0.84 


For ^1, see eq (132). 

21G. For values of the coeff, w = ^/0^, to be used in obtaining 
the /leflection angle, f, lor locating any spiral point, P", from any 
inst point, P', see Table, ii 233. 

A’’alue.«» of the deflection any^leK Fn nnd tn betw a tan and the 

chord P'P" (=1 s[>iral chain) joining two adjacent S])iral chain 
points. 

217. Figs 83. Let the points, P' and P", be now two adjacent 
spiral chain points, n and n + 1- Then, from eqs (140) and (123), 
vve have (since now g = Af/10) : — 


U 


8 2 a + n 4 1 

— X A 

(50 5 8 


3 n 4 1 
300 


A ....(143) 


and, from cq (127), wo have- — 

n2 3 

^ ~ 100 ^ ^ 300 ^ * 

Hence : — 

3 «* 4. 3 n 4 1 

F.(=,. + 0 = A 


(144) 

(145) 


Let »Ma r= 3 n* 4 3 » 4 1 = 300 Po/A. T’hen fqr the nine points, 
from n=0 to » — 0, sighting from n to « 4 L «i’ versa, w'e 
have, respectiviy : — 



n 


0 

1 

2 

3 

4 


n 4 1 


1 

2 

3 

4 

5 

Wo = 

300 

Fa 

A 


1 

7 

19 

37 

61 

Wo/300 

= Fa/^ 

“ 

0 (K)33 

0.0233 

0.0633 

0.1233 

0.2033 


n 

:a: 

5 

6 

7 

8 

9 


tt 4 1 

= 

6 

7 

8 

}) 

10 

Wo = 

300 

Fa 

A 

= 

01 

127 

160 

217 

271. . . (146) 

Wo/300 

= Po/A 

- 

0.3033 0.4233 0.5633 

0.7233 

0.9033 


mu 

from which, and from Fa =: A. the several vului'S of Fa, for 

300 


the 10 chain points, are easily found, for any given value of A* 
218. Thus, at station n = 7, sighting to station n- 4 t = 8> the 
angle, Fa, betw the sight, 7-8, and the Initial tan, A V, is 


100 


P« 


»la 


300 


(0.5633....) A. 














“spiral"" deflection angles. 
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219. Figs 81, 82. Value of deflection anffle» 0 , at A, betw 
the tan A V and the chord A B. Let the successiv values of Fa, 
thus found, he 

AAA 

= ; Fa = 7 ; Fa = 19 ; etc ; 

300 300 300 

and let Xi, Xo, x^, etc, i/i, i/a, Pn, etc, he the co-ordinates for the points, 
n = 1, n = 2, n = 3 , . . .n = 10 (point B). Let L = the sum of 
the spiral chains, in ft ; c =: L/10. 

Then 

= ccosFi; Vi ~ 

Xi = c (cos Fj 4- cos Fa) ; I /2 = c (sin Fj -|- sin Fa) ,.(147) 

etc. etc. 

Y sin Fi sin Fa -f- ... sin F m 

Tan 0 tan y .4 R = — = . . (148) 

X cos F, + cos Fa + ... cos Fjo 

From values of functions of thus found, the value is derived; 


(!-•) 


in seconds = 0.002 97 (A in degrees)* 


= /\/3 — [0.002 97 (A“ )®] seconds (149) 

Value of the deflection ang;le» d*, at the S.C. (B), 
lu'tw (he tan I' /> and the chord A B. 



220. Pigs 81, 82. Necessarily, A 


'!> = A 


fA 

(0.002 

Ls 


•2 97 (A in degrees)* seconds*) 


] 


3 


■ A -[■ 


^0.002 


97 (A in degrees)* seconds* i (150) 


Practically*;— 4* = 2 A/3 = 2© (151) 

Similarly, Fig 82', in any portion, .4 P. of the spiral curv, 
APB, said portion beginning ut the T.S. (^l), we have, 
practically : — 

5 = 0 + <l> ; 

0 = (5/3 ; 

0 = 2 5/3 = 2 0 (151') 

221. Relations between H, L and K. Fig 82. 

TP IP D 

H = approx = — . — = 0.0727 S»D ..(152) 

24 It 24 5730 

L = VITFH = 4.9V1^ = 4.9>/5730i//D 

= 371 V If//) (153) 

^ = 0.005 D L (eq 126) = 0.005 D 371V h/D (eg 153) ; or 

A = 1.854Vd^ (154) 


♦See •note, p971. 
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215. Thus, l(‘t c = 20 ft; k = 2“. 

Then, 8i =r 0.01c — 0.2, and rfi = s^k = 0.4®; d^Si = 
Si^k = 0.O8: 0.0133 ; and, for instance: 


1 sighting 

g = 

iV = 

d" = 

m = f/e^ = 

r = 






2 fP 4 d" 


from 


0.01 c X 

0.01 kc 11' 

0.01 k c n" 

g - - - 

m ffi 

sta 


in" - n') 



■'*1 


n 

■1 

0.6 

2.0 


54 

0 72 

w 

M 

- 0.6 

3.2 

— 

- 63 . 

- 0.84 


For ^1, see eq (132). 

21G. For values of the coeff, w = ^/0^, to be used in obtaining 
the /leflection angle, f, lor locating any spiral point, P", from any 
inst point, P', see Table, ii 233. 

A’’alue.«» of the deflection any^leK Fn nnd tn betw a tan and the 

chord P'P" (=1 s[>iral chain) joining two adjacent S])iral chain 
points. 

217. Figs 83. Let the points, P' and P", be now two adjacent 
spiral chain points, n and n + 1- Then, from eqs (140) and (123), 
vve have (since now g = Af/10) : — 


U 


8 2 a + n 4 1 

— X A 

(50 5 8 


3 n 4 1 
300 


A ....(143) 


and, from cq (127), wo have- — 

n2 3 

^ ~ 100 ^ ^ 300 ^ * 

Hence : — 

3 «* 4. 3 n 4 1 

F.(=,. + 0 = A 


(144) 

(145) 


Let »Ma r= 3 n* 4 3 » 4 1 = 300 Po/A. T’hen fqr the nine points, 
from n=0 to » — 0, sighting from n to « 4 L «i’ versa, w'e 
have, respectiviy : — 



n 


0 

1 

2 

3 

4 


n 4 1 


1 

2 

3 

4 

5 

Wo = 

300 

Fa 

A 


1 

7 

19 

37 

61 

Wo/300 

= Fa/^ 

“ 

0 (K)33 

0.0233 

0.0633 

0.1233 

0.2033 


n 

:a: 

5 

6 

7 

8 

9 


tt 4 1 

= 

6 

7 

8 

}) 

10 

Wo = 

300 

Fa 

A 

= 

01 

127 

160 

217 

271. . . (146) 

Wo/300 

= Po/A 

- 

0.3033 0.4233 0.5633 

0.7233 

0.9033 


mu 

from which, and from Fa =: A. the several vului'S of Fa, for 

300 


the 10 chain points, are easily found, for any given value of A* 
218. Thus, at station n = 7, sighting to station n- 4 t = 8> the 
angle, Fa, betw the sight, 7-8, and the Initial tan, A V, is 


100 


P« 


»la 


300 


(0.5633....) A. 
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SELECTION OF “SPIEAL.” 


Selection ot spiral. 

227. Pig 82. The selection of the length, L, of the spiral may be 
restricted by the value of H, as determind by topographical or 
other conditions. We then have (cql53), for length of spiral: — 

L = V24 RH; 

where R — radius of circular curv. 



Fig. SSVa. 


228. Pig. 83ya- Where tl»e choice of spiral is not thus restricted, 
the lengtli, L, is determind by the superelevation, e, in ft (or 
E in inches) on the circular curv. and by tlie rate, r, of run-oCE in 
;t of line per ft of e (M 100-193) ; thus {^eq 117) : — 

L ~ cr = 0.3273 V*r//f - 0.1522 r/iJ = 0.1522 v* t/i2 (174) 

where t = rjv = time, in seconds, during which the outer wheel, 
on the runoff, would rise 1 foot. 

The Am Ry Eng Assn rule, eqs (175), gives t < 5.45 when 
F = 45 miles/lir, aud superel = 8 ins = 2/3 ft. 

229. The Am Ry Eng Anan (Manual, 1015, pp 131-132) recom- 
mends — 

On curvs which do not limit the speeds of trains : — 

L < 300 Cu,- or L < 8 Fu Cu (175) 

On curvs which limit the speeds of trains : — 

When D < 6", L < 16 Fr/ 3 ; when D < 6“, L < 240. . . (176) 

where 

L rr spiral length, in ft ; 

Fu = ultimate speed, in mlles/hr ; Cu = superel, in ft, for F* ; 

Fr = speed in miles/hr calculated for an elevation of 8 ins. 

r'sH' 

— ^ (see eqll8). 

\ 3.028 

With F = 45 mlles/hr, and superel, P, = 8 ins, or e = 2/3 ft, 
each of tliese rules gives L < 240 feet. 

230. In priictloe, and in order to avoid the use of sub-chains in 
the spiral, a length deviating somewhat from the (-alculated length, 
L, of spiral, may be used. 

For instance, with II = 9.6 ft, circular curv 5“ {R — 1146.3 ft), 
we have (eq 153) L - ^ 24 R H = 513.9 ft. 

With F =: 50m/b, on a 6® curv (i? = 05,5.4 ft), rate, r, of 
run-off = 600, we have (eql74) : — 

I = r 0.3273 FVR - 513.9 ft. 

In either case, we may use 500 ft (10 chains of 50 ft) or 510 ft 
(10 chains of 51 ft) or 525 ft (10 chains of 52.5 ft), etc. 

Location. 

Condensed results, for field use. 

By deflection angles. 

231. The spiral may be conveniently located by turning off "de- 
flection” angles from a tan, as In locating a circular curv ; but, in 
thus locating a spiral, the successlv increments, in the total deflec- 
tion angle turnd off from the tan at a given Inst point, increase 
regularly, Instead of being constant as In the case of a circular curv. 


36 
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215. Thus, l(‘t c = 20 ft; k = 2“. 

Then, 8i =r 0.01c — 0.2, and rfi = s^k = 0.4®; d^Si = 
Si^k = 0.O8: 0.0133 ; and, for instance: 


1 sighting 

g = 

iV = 

d" = 

m = f/e^ = 

r = 






2 fP 4 d" 


from 


0.01 c X 

0.01 kc 11' 

0.01 k c n" 

g - - - 

m ffi 

sta 


in" - n') 



■'*1 


n 

■1 

0.6 

2.0 


54 

0 72 
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M 

- 0.6 

3.2 

— 

- 63 . 

- 0.84 


For ^1, see eq (132). 

21G. For values of the coeff, w = ^/0^, to be used in obtaining 
the /leflection angle, f, lor locating any spiral point, P", from any 
inst point, P', see Table, ii 233. 

A’’alue.«» of the deflection any^leK Fn nnd tn betw a tan and the 

chord P'P" (=1 s[>iral chain) joining two adjacent S])iral chain 
points. 

217. Figs 83. Let the points, P' and P", be now two adjacent 
spiral chain points, n and n + 1- Then, from eqs (140) and (123), 
vve have (since now g = Af/10) : — 


U 


8 2 a + n 4 1 

— X A 

(50 5 8 


3 n 4 1 
300 


A ....(143) 


and, from cq (127), wo have- — 

n2 3 

^ ~ 100 ^ ^ 300 ^ * 

Hence : — 

3 «* 4. 3 n 4 1 

F.(=,. + 0 = A 


(144) 

(145) 


Let »Ma r= 3 n* 4 3 » 4 1 = 300 Po/A. T’hen fqr the nine points, 
from n=0 to » — 0, sighting from n to « 4 L «i’ versa, w'e 
have, respectiviy : — 



n 


0 

1 

2 

3 
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n 4 1 


1 

2 

3 

4 

5 

Wo = 

300 
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1 

7 
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37 

61 

Wo/300 
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0 (K)33 

0.0233 

0.0633 

0.1233 

0.2033 
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}) 
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Wo = 

300 
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01 

127 

160 

217 

271. . . (146) 

Wo/300 

= Po/A 
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0.3033 0.4233 0.5633 

0.7233 

0.9033 


mu 

from which, and from Fa =: A. the several vului'S of Fa, for 

300 


the 10 chain points, are easily found, for any given value of A* 
218. Thus, at station n = 7, sighting to station n- 4 t = 8> the 
angle, Fa, betw the sight, 7-8, and the Initial tan, A V, is 


100 


P« 


»la 


300 


(0.5633....) A. 
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LOCATION OP “SPIBALS.” 


ESxample 

0 = 
k - 


. tNiven 

spiral chain length, = 20 ft ; 

increase of spiral sharpness, d, per 100-ft chord, = 3*. 


. — 

Eq (121) Length, L, of spiral, A B, in ft, measured along spiral 
chains, 10 c =: 10 X 20 = 200 ft; 

Number, 8, of 100-ft chords in L, approx 0.01 L = 2; 
Ea (122) Sharpness, D, of spiral at the S.C. (/t), = approx k8 = 
3“ X 2 = 6“ ; 

Eq (126) Sweep, A. of spiral, A B,= approx D8/2 = 6“ X 1 = 6" ; 
Eq (120) Defl angle, ® = V A B, =z app A/3 = app 2“ ; 

Dell angle, «!' = V B A, = apn 2 A/3 = app 4°. 


Required the deflection imKle, f, from tlie tangent, P* m, at 
the point to another spiral point, / 

Here, eq (132) 

e, = (0.01 = 0/^4 X 3VG = 0.02“; 

and (from table above). Fig 83<i, sighting from 

/", (n = 5) to P", {n = 8), m = 54. 

Hence, in this case, 

f (=m^i) - 54 X 0.02“ = 1.08“. 

Again, Fig 831), sighting from P^ (n = 8) to P", {n = 5), we have 
^ f (= mdi) = 63 X 0.02“ = 1.26“. 


234. Vnlues of m etc. In special casea. Figs 82, 83. 

(a) When the inst point, P', is at the T.S. (A) or point n = 0 
(Top line of table (I 233). 

Figs 82, 83(i. When sighting (forward) from A to any other 
spiral point, P", of number n, eq (142) becomes 


2 (/' + d" 
m = Q 

di 8i 


k»" 


0.01 c II 

U.Ol k c . 0.01 0 


8 " 


n =r n«; 

0.01 c 


and (6 for point P") = m = n»^i. 

Hence, when P" is at the S.C. (B, orn = 10), we have m ( = «•) 
- lOO, and 0 ( = FAP) = 100 0i = approx A/3.* 

(6) Fig 83b. When the point, P", sighted (backward), is at the 
T.S. (A) or point n- = 0 (Column headed T.S.). 

When sighting from any other point, P', of number n, to A, we 
have, approx, eq (151'), 0 = 2tf. 

lienee, when the inst point, P', is at the S.C. (B, or n = 10), we 

2 

have 4»(=FPA)= 200tfj= approx 2 0 = — A-* 

8 


By offHCts from the Initial tanigent, AV. 

235. Fig 82, The offsets, x and y (eqs 147, 158, 159) to each 
of the points in the entire spiral A B, may be measured from the 
Initial tan, A 1', 

Or, make the offset. A' M, for the middle point, M, of the spiral, 
= A' a/2 = H/2 (11222), and the remaining offsets proportional to 
the cubes of their dlsts from A and from B respectivly, measuring 
the offsets for the first half of the spiral inward at right anglea 
from the tan A V, and the remainder radially outvrard from the 
circular curv, a B. 

By offsets from lonfr chord, A B. (E. S. M. Lovelace, Can* 
adian Soc Civ Engrs. Reprinted In Engng & Contractg, 1914 Mar 
25). 

236 . Fig 82. Let 

h = the normal offset from the long chord to any given 
point in the spiral ; 

H = dlst betw parallel tans, A V and o v; 

n = number of spiral chains betw the T. (A) and the 

given point; 

N = number of spiral chains in the spiral. 


•See foot-note ♦. p971. 
67 
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Then, in any spiral t 

h 

H 


- n* 

4n 

A* 


(177) 


This equation, derived for the lemnlscate, Is closely approx for 
the A R E A 10-chord spiral, 

In the 10-chord spiral, N = 10 ; so that 


h 100 - 

„ - 4„ = 0.4 «— 0.004 ti’ (178) 

H 1000 

Hence we have : 

When 

n=(>l -2 3 4 5 6 7 8 9 10 

h/U = 0 0.396 0.708 1 092 1.344 1.500 l.MO 1 428 1.152 0.684 0 

h is u max (= 1.54 H) when n ~ .\/V3 10/1.7321 — 5.77. 



Insertion of spirals in exlstlnir track. 

See also H 160 

237. (a) Flpjs 81, 84, 85. Oriffinal circular curv, a' af\ shifted 

wlthont change of radius, thru a given dlst, a' a, (equal and 

parallel to- Vr v and to ar' ar) to a now position, auf. 

Required the semltangents, T and Tf, to the entire curv, ABB r At. 
Fig 81. 

(1) Figs 81o, 84. The two spirals similar. Shift, a' a, parallel 
to common bisector 0 i', of a' at* and of a at ; 

Ti = T ; Ht — U. R — rad of circular curv. 

Here = Ht = a' a cos(A'’/2) (179) 

T = Tf = (R + H) tan(A./2) + Z (180) 

From eqs (153 and 157), we have 

L L» V2iRH 

Z = — practically = 2.45 VRH. 

2 1280 R» 2 


(2) Figs 81h, 85, The two spirals dissimilar. Shift, a' o 
(equal ana parallel to F« v and to ar Qf). not parallel with bisector, 
0 V or 0' Ve. 

Tf and T unequal. Hr and H unequal. 

For T and Tt, see eq (172). 
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INSERTION OF ^SPIRALS.” 

238. (b) Fig 86. Retalnlnur the origrinal middle point* P\ 

and shortening the radius from R* to R. The line is changed from 
Aa'P' to ABP\ Having determind ( 227 &c) the length, L, 

and A* a — H — ; 

24 R 



Fisr. 86. 


= entire sweep, = 2arcoP' = 2 angle o OP'; 

A"Af (Fig Kf)(i) = max shift of center line of track; 
a' A' r: shift of point a' of circular curv, toward intersection, 
Vr; and 


Radius, 

Seraltaii, 

Ext dlst, 

Sharpness, 

R' = 0' a' 

a' V» 

R' = 

QQI 

ly of existing circular 

curv, o' P'; 

R ~0 a 

a V 

E - 


D of sharpend circular 

curv, oP'. 


Then : 

E - E' - Wv = E’ - IJ seciA'A’): (181) 


Then : 

E - E' - Wv = E’ - IJ seciA'A): (181) 

E 

R ; (182) 

ex sec ( A«-) 

E of 1“ curv, of given sweep, A" 

n == (183) 

E 

a^A' = (R' - R - H) tan(Ar/2) 

= a' y, - (R + II) tan(A*/2) (184) 

H 7/0' A'\« 

Practically (I'lg 86o), A" M = — { \ D (185) 

2 8 \ 100 / 

239. (c) Fig 86. With minlmnm shift of line. Shift the 
middle point, P^ to P, making P' P = H/2. Then : 

E = £?' - HBec(A<'/2) - H/2 (186) 

Use this new value of E in Kqs (182) and (183). 
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Then, in any spiral t 

h 

H 


- n* 

4n 

A* 


(177) 


This equation, derived for the lemnlscate, Is closely approx for 
the A R E A 10-chord spiral, 

In the 10-chord spiral, N = 10 ; so that 


h 100 - 

„ - 4„ = 0.4 «— 0.004 ti’ (178) 

H 1000 

Hence we have : 

When 

n=(>l -2 3 4 5 6 7 8 9 10 

h/U = 0 0.396 0.708 1 092 1.344 1.500 l.MO 1 428 1.152 0.684 0 

h is u max (= 1.54 H) when n ~ .\/V3 10/1.7321 — 5.77. 



Insertion of spirals in exlstlnir track. 

See also H 160 

237. (a) Flpjs 81, 84, 85. Oriffinal circular curv, a' af\ shifted 

wlthont change of radius, thru a given dlst, a' a, (equal and 

parallel to- Vr v and to ar' ar) to a now position, auf. 

Required the semltangents, T and Tf, to the entire curv, ABB r At. 
Fig 81. 

(1) Figs 81o, 84. The two spirals similar. Shift, a' a, parallel 
to common bisector 0 i', of a' at* and of a at ; 

Ti = T ; Ht — U. R — rad of circular curv. 

Here = Ht = a' a cos(A'’/2) (179) 

T = Tf = (R + H) tan(A./2) + Z (180) 

From eqs (153 and 157), we have 

L L» V2iRH 

Z = — practically = 2.45 VRH. 

2 1280 R» 2 


(2) Figs 81h, 85, The two spirals dissimilar. Shift, a' o 
(equal ana parallel to F« v and to ar Qf). not parallel with bisector, 
0 V or 0' Ve. 

Tf and T unequal. Hr and H unequal. 

For T and Tt, see eq (172). 
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much used during fogs, snow, storms, etc, when visible signals can- 
not well be seen. They are largely used also as an auxiliary to 
back-flagging, to protect the train ahed while the flagman is re- 
turning to it, or in case the following engiiiman fails to see him. 

Flxt SignalK. 

7. DImc signals give their indications, by uay as well as by 
night, solely by means of color, and not by form or position. Each 
disk sig IS iisuaMy enclosed in a case, shaped like a banjo (whence 
the name, “banjo" signal) and provided with a glass face. For 
day use. the sig proper cou.sjsts essentially of an opaque colord 
disc. If this disc is seen tliru the glass face, it indicates “stop" 
wlien red, or "cautiou"* wlien green. To indicate "proceed”, the 
disc is swung to oue side, leaving a white background showing 
thru the glass face For night use, a colord glass disc indicates 
“stop” or "cautiou” by appearing iu front of a lamp ; or “proceed” 
l)y l)eiug withdrawn, leaving the lamp to show thru a clear glass. 

S. Seinjil’ors. Signals are usually of the semafor type, see Figs 
7 to 111. incl. each consisting of a movable arm or “hoard”, about 
4' long and ID" wide, piloted and mounted on a post or other 
suitable object. 

0. Home SiKiiiil. A home sig is one at which the train must 
slo]) wlimi the sig is set lor “stop” It is placed usually at the 
entrance to a lilock, or immediately before reaching a switch,^ de- 
niil. crossing, drawbridge, or other object to be garded. When 
horizontal, siieli a sig indicates “stoj)”. and by night the hor posi- 
tion is indicated by a red glass, which appears iu front of a lan- 
icrn, tlins sliowing a red light for stop. When inclined, the sig 
imlicatcs “]»roceed”. and shows, by night, a light of some color 
other than red. S(*e also “Signal aspects”, H H IT, fil! and 33. 

It). Distiint SigtnnI. A “Distant” or “caution”* sig, when pro- 
vided. is idaced at some distance (usually several thousand ft) “to 
tlie rear of” (belore reaebiiig) the “home” sig it relates to, and 
iiulicati's the position of the liome sig, which may be out of sight, 
it tlins gi\s the eiigiiiniau advance information regarding the home 
sig. and makes possible faster or safer running. The indications 
of the liorue and disl sigs always simultaneously correspond, un- 
less a train is on the track between the two, in which case the 
dist sig sho\\,> “caution”* altlio the home sig may be at “proceed". 




11. DiNi>oNitioii of sigs. The home sig and the dist sig for 
the block ahed, are usnalty mounted on the same post, as in Pigs 
7, 8 and !) ; the upper one being the home, and the lower the dist 
Rig. 


♦“Caution” is a term here used somewhat loosely, tlio conven- 
iently, to denote its usual or approx meaning ; “proceed prepared to 
titop’at next signal”. 



980 


EAILROADS. 


Then, in any spiral t 

h 

H 


- n* 

4n 

A* 


(177) 


This equation, derived for the lemnlscate, Is closely approx for 
the A R E A 10-chord spiral, 

In the 10-chord spiral, N = 10 ; so that 


h 100 - 

„ - 4„ = 0.4 «— 0.004 ti’ (178) 

H 1000 

Hence we have : 

When 

n=(>l -2 3 4 5 6 7 8 9 10 

h/U = 0 0.396 0.708 1 092 1.344 1.500 l.MO 1 428 1.152 0.684 0 

h is u max (= 1.54 H) when n ~ .\/V3 10/1.7321 — 5.77. 



Insertion of spirals in exlstlnir track. 

See also H 160 

237. (a) Flpjs 81, 84, 85. Oriffinal circular curv, a' af\ shifted 

wlthont change of radius, thru a given dlst, a' a, (equal and 

parallel to- Vr v and to ar' ar) to a now position, auf. 

Required the semltangents, T and Tf, to the entire curv, ABB r At. 
Fig 81. 

(1) Figs 81o, 84. The two spirals similar. Shift, a' a, parallel 
to common bisector 0 i', of a' at* and of a at ; 

Ti = T ; Ht — U. R — rad of circular curv. 

Here = Ht = a' a cos(A'’/2) (179) 

T = Tf = (R + H) tan(A./2) + Z (180) 

From eqs (153 and 157), we have 

L L» V2iRH 

Z = — practically = 2.45 VRH. 

2 1280 R» 2 


(2) Figs 81h, 85, The two spirals dissimilar. Shift, a' o 
(equal ana parallel to F« v and to ar Qf). not parallel with bisector, 
0 V or 0' Ve. 

Tf and T unequal. Hr and H unequal. 

For T and Tt, see eq (172). 
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18. Raising the arm into the upper left-hand quadrant, is com- 
ing largely into use on electric railroads, and has the advantage 
of placing the sig at the same angles as in the old familiar lower 
right-hand quad, and is more redily placed so as to be visible 
among telegraf or trolley poles. 

19. Flash HiarnalK, for use at night, are being tried, especially 
abroad. The illuininant is usually acetylene gas, and each lamp is 
arranged to flash periodically (much as certain light-house lamps 
flash) usually burning for about 0.1 second, and being extlnguisht 
for from about 0..‘1 to 0.1) second. They appear to he reliable and 
economical, and assist in distinguishing sig lights, in general, from 
other liglits foreign to the railroad, and for distinguishing betw 
diflferent kinds of sigs, 

20. Llgrht HigrnnlM, with which no semafor is used, are econom- 
ical in first cost, and have no moving parts, aside from those of 
the relays that control them. They are used in subways and tun- 
nels, where a semafor could not well be seen ; and to some extent 
on electric surface roads. Where used in daylight, each light 
should be accompanied by a hood or other means for preventing 
the direct rays of the sun from falling on the lens glass, and by 
a screen or shield or other large dark object, to attract attention 
to tlie sig. make it more redily visible, and so reduce the chance 
of its being overlookt. See also “Two-light signals”, H 16. 

21. Light and flash signals arc being experiment.ally Combined. 



Fig. 13 Fig. 14 Fig. 15 

DoubU Track Tratlinu Paint Tim Ham« and 

Croaa-over One Dietant 




Fig. 16 



Fig. 17 


Four Track* Stonaled 


22. Locations of NiKiialH. Fixt visible sigs are usually placed 
to the right of, or directly over, the track to which they relate. 
Figs 13 to 17, incl, show diagramnmtically certain typical sig 
arrangements, selected from those given In the Ry Sig Assn’s 
“Signal Dictionary”, 

TRANSmSSlON MECHANISM 

23. Signals and switches are conveniently operated from a cen- 
tral point, as a sig tower; and means must be provided for oon- 
necting them with it, and for controlling them from it 

Hand operated 

24. Mechanical connection* for hand power operation are 
made usually by pipes (used as rods) or by wires. 
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25. The pipe is usually of wrought iron or steel, one inch dlam. 
Since it can transmit cither tension or compression, only one pipe 
is needed (in general) for each sig or switch. The lines of pipe 
are usually carried upon and held in line by means of rollers held 
in frames. Where sharp turns must be made, the pipe ends are 
connected by means of bell-cranks, ii. Fig 18 (not to scale), or 
by means of curvd deflecting bars, D, running betw rollers. 



26. CompeiiNatorM. Since even moderate cnanges in temper- 
ature materially alter the length of a pipe line, and disarrange the 
adjustment, the pipe lines are divided into sections, and the sects 
ire connected by means of ‘‘compensators’’ or “lazy-jacks”, C, 
(vhich neutralize the effects of temp-change, without affecting the 
lig movements. Fig 18 represents a line of pipe, leading from the 
jig tower, T, thru a d(‘flecting bar, I), a “compensator”, (’, and a 
bell-crank, B, to a switch or sig, S. The dotted lines show the 
positions of the compensator members when the pipe line is ex- 
panded by heat. 

Power 

27. Power operation may be effected either by comprest air, con- 
veyd thru pipes to cylinders, in which it acts upon pistons con- 
nected with the sigs or switches; or else by «'lectricity, oonveyd 
by wires to electric motors (or to solenoids for small slgs). The 
comprest air, or electricity, which operates the sigs, is controld 
usually by means of relatlvly light electric circuits, or, in the 
all-pneumatic apparatus, by relatlvly low-pressure air. In either 
case, the power is controlled thru relays. 

28. All-clectrlc systems are coming largely into use. They have 
the advantage that no special air-compressing plant is needed ; and 
various comprest air troubles are eliminated. 

SYSTEMS 

29. Time Interval. Under this syst, a train must be given a 
headway of say 6, 7 or 10 rains, before a following train is per- 
mitted to proceed ; the supposition being that, if the first train Is 
unexpectedly stopt, the time interval is sufficient to permit the 
flagman to flag the following train ; but the system, at best, is far 
from safe. 

30. Space-Interval or block. Under this syst, the length of 
the road is divided into sections called blocks, of suitable lengths, 
and where absolute blocking Is practist, no two trains are per- 
mitted to be in one and the same block at the same time. ' The 
block length may vary widely from abt one mile or less to 6 or 10 
miles, according to density and character of traffic. 
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31. PermlsHlv. Under perraissiv blocking, a train is per- 
mitted to pass a block sig showing “stop”, with the understanding 
that it is to rim only at such dlminsht speed that it can be stopt 
at the first point which cannot be passed with obvious and certain 
safrty. This permits a larger train operation with a given blo^ 
length ; but it is less safe than absolute blocking. 




Fig. 20. Newer Standard; “Z-poaition” , upper-right quad. 


32. Signal aspectN, as frequently applied to block signaling. 
Figs IP and 20 illustrate, for given conditions on a given line, 
Ilje sig positions, under the «two-poHltlon’* and “three-position’* 
seinafor systs, respi'ctlvely. A B, B C and CD represent blocks 
TTn(](‘r either syst, the train, in block CD, is protected by the 
home sig at C, behind it, set at “stop”; but at the same time, a 
train may enter hkn-k B C at B, under the “caution” sig there ; 
or a train may enter block AB at .4, without restriction; the 
sig. at A, indicating not only “proceed”, but also "next sig Wond 
is clear”. 


A 


I 



n n 

Fig. 21. Normal “Clear” (S-poe.) 



1%. ill m n iTi 

Fig. 22. Normal "Danger" IZ-poa.) 


II 21 and 22 illustrate, for given conditions on a given 

line, the semafor positions in the “three-position” syst, under th* 
no^nl clear” and “normal danger” systs, respectivly. Under 
the normal clear” syst, the sig, controlling a block, always shows 
clear when the block Is clear, whether or not a train is about to 
enter the block. Under the “normal danger” syst, the sig remains 
at dan^r (whether or not the block is occupied) until a train 
approaches the sig, to enter the block ; and then, of course, the 
sig is cueaM only if the block is actually clear. These diffs are 
shown In blocks AB and BC. 

34. Telegrraf block or manual block. Under this syst, a man 
is statlond at the end of each block; and, when a train passes 
from one block to another, the man at the passing point com- 
municates the fact, electrically, to the men at such other points 
as may be necessary. The men, so advised, then display the neces- 
sary sigB. 

35. The telefone is largely displacing the telegraf for such 
signaling, and for train dispatching generally. It is commonl. 
used in conjunction with selector systs, see il 71. 
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36. Controlled Manual, or Lock and Block S 7 «tem. To re- 
duce the chances of error of operation in telegraf or manual block 
systs, arrangements may be instald, which require the simultane- 
ous action of both men in making or breaking electric contacts, 
before the sig can be set to “proceed”. 

37. Automatic locking. To gard against an agreement 
between the two men to open the block when it is not actually 
clear, “track instruments”, or the “track circuit” (see H 50) may 
be so arranged that this agreement cannot be made until the train 
has actually past out of the block. 

38. Staff System. This method is especially applicable to single 
track roads. At each end of a block is a receptacle, containing a 
number of metal staves or rods. The two receps are so arranged 
and electrically connected that only one staff may be taken from 
the receps : and this staff must be returned to one of the receps 
before another staff can be taken. The staff is the train's permit 
to travel over the block, and is carried by the tniin When the 
train leave the block (at either end), the staff is placed in the 
recep at that end ; rendering it again possll)le to remove one staff 
from the recep at either end of the block. 

39. Special provisions may be made, to operate the ma- 
chines under “permisslv blocking”, and to provide for the return 
of “helper” eu^ns ; but this still does not permit two complete 
staves to be out of the receptacles at the .same time. 

MANIPiriiATION 

40. Manipulation mav be either “initUitiv” or ‘‘interlocking’^ or 
both. (See H H«.) 

41. Initiativ manipulation may be either tluit effecte(i by em- 
ployees, or (either mcclianical or electrical) i)y the trams theinselvs 

43. Interfockliig manipulation (part of wiilch may be in the 
“Transmission”) Is that of automatic devices, designed to prevent 
improper operations. It may be accomplisht either by purely 
mechanical movements, by electricity or by cumprest air. Where 
even a few sigs and switches are operated from one point, collision 
of trains may be caused by errors on the part of the operators. 
In order to prevent this, the levers and rods are so groupt, and 
provided with additional sliding pieces, cald “dogs”, or with elec- 
tric contacts, locks, etc, that (in so far as possible) combinations 
or settings, which might endanger trains, are mechanically pre- 
vented. 

43. Mechnnlcol. Thn.s, (here considering mechanical inter- 
locking as an illustration) at a double-truck crossing, when all 
the slgs show “stop", any one sig may be made to show “proceed” ; 
but, as it does so, the rod, connected with its lover, moves such 
dogs as will lock the levers of the slgs governing the tracks which 
cross its track. Thus, if the sig for a westbound train is cleard, 
the two sigs for northbound and for southbound movements are 
thereby lockt at “stop” ; but the sig for the eastbound track is 
left clear ; because both eastlamnd and westbound trains may of 
course pass over the crossing simultaneously while the northbound 
and southbound tracks are lockt at “slop”. 

44. Conversly, northbound and southbound trains can be 
given clear sigs only after the eastliound and westbound slgs hay 
been set at “stop” and lockt in that position. 

45. The fundamental principle, here illustrated by a simple 
example, is carried out into very great elaboration. 

46. Derailing awitchea. To prevent collisions due to an en- 
gineer Inadvertently passing a signal showing “stop”, a "derail” 
Is frequently employed where practicable. This is usually a half 
switch (the inner “point”), which, when “open”, is sufladent to 
gide a train off the rails and onto the tiea; or, where elaborated 
for passenger trafiftc, It may be a complete switch leading to a siae 
track burled in sand, or provided with other means for stopping 
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the train with a miniraiMn of damage. Such a derail Is so inter- 
lockt with switches and sigs as to prevent its being “closed” for 
normal running, unless all other related switches and sigs are bo 
set as to make it safe to do so. The derail produces a very whole- 
some effect upon any tendency of the engineer to “take chances” 
or even to forget a signal set at danger. 

47. Scotchblock. Other derails, commonly used on freight sid- 
ings, etc, consist of a movable metal piece, so shaped that when 
placed over the rail, it will lift and gide the flange over the rail 
to the outside of the track. 

48. Swltcli-lookinir. Fig 23, (not drawn to scale, and showing 
essentials only). In addition to the switch lever, there is usually 
provided a locking lever, which can thrust a pin, A, thru either 
one of two holes in the bar, B, only when the switch-points, C and 
D, have made their complete movement in either direction. If, 
as by an accumulation of dirt or of ice, the switch-points have 
not been brought home, neither hole In the bar. li, is brought 
opposit the pin, A, and the pin cannot enter the hole; and, since 
the locking lever is in turn Interlockt with the signals, these can- 



not be cleard. Connected with the locking lever, is also a 

40. Wetector bar, E, Fig 24, whlc^) is so connected with 
the locking lever that the bar must rise above the head of the rail 
as the locking lever is moved. This it cannot do if there are 
wheels on the switch. Thus, it is practically impossible to change 
the setting of a switch while a train is passing over it. 



FIk. 25. 


50. The Track Circuit affords a ready means of safely accom- 

f ilishlng many automatic sig operations, and much interlocking, or 
ts equivalent; displacing many block sig towers, and clumsy and 
unwieldy all-mechanical interlocking plants. The fundamental prin- 
ciple of the track circuit is shiovn In Fig 25, which shows the 
two rails of a single track In a “block” or other section, A B. 
This section is electrically Insulated from adjoining sections by 
heavy wood or fiber insulated fish-plates, indicated at A and B 
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At ono end of the section, is a battery, T, one wire of which Is 
connected with one rail, and the other wire with the other rail. 
At the other end of the section is an electro-magnet, M, similarly 
connected. The armature, R, of this magnet, carries one or several 
contacts, some of which, (7, are made, and some, C\ are broken 
when the armature is attracted by the magnet. 

51. Let the track circuit, A B, be complete, and let there be 
no cars on the track. Then the current, from the battery, T, 
energizes the magnet, M ; the armature is drawn toward the mag- 
net, and the upper contacts. C. are closed, clearing the signal, 

at B. But if a train, or any pair of wheels, IV, is on the rails 
between A and /?, the current from the battery, T, will be short- 
circuited thru the wheels, back to the battery, thus robbing the 
magnet, M, of current, and causing its armature, R, to drop, and 
the sig, S, to show "stop”. Also, if, thru accident or otherwise, 
the circuit is broken anywhere, if any short-circuit occurs, or if 
the battery falls, or if any metallic object touches both rails betw 
A and B, the sig will show "stop". 

52. The adjustment is such that, normally, the current, 
energizing the magnet, M, w'ill suffice to attract the armature, R, 
in spite of losses thru ballast, waiter, snow^ and ice, altho the 
practically total short-circuiting, caused by a pair of wheels, W, 
betw A and B, will certainly drop the armature, and set the sig at 
"stop”. 

53. Stray direct currentn from nearby electric roads, or 
the direct return currents of electric roads themselvs, when the 
rails are used for track circuits, may "clear” the signal when it 
should not be cleard ; but the use of alternating currents, for sig- 
naling, practically removes such danger 

54. The Relay, MC, Fig 25, connected with the track cir- 
cuit, is usually made to serv a number of purposes simultaneously, 
by means of its several contacts. When the armature drops, it 
may break several circuits and set several signals to "stop”, and 
it may also share in 

55. Electric Interlockingr. Where electricity Is used for the 
control, and either electricity or air is used for the power to 
operate, the switch and sig levers control merely the making and 
breaking of electric contacts and operate a comparativly small 
interlocking machine ; and are therefore usually less than a foot 
long. In different makes, the levers move in different wmys. But 
the main features are common to all types. 

50. Train Interlocklns:. The mere presence of a train, on any 
section of track provided with a track circuit, may be arrangd, 
thru Its relay, to break the circuits of any sig or slgs leading to 
that track. This does away with the necessity for the clumsy 
"detector bars” at switches, 

57. All-pneiimntic Inter1ookin$; has been used to some extent. 
In which valvs take the place of electric contacts, and diaframs 
or pistons take the place of magnets and armatures. 

Traln>controld signal operation 

68. Antomntic Signala have proven very successful. They de- 
pend primarily upon "the track circuit”, paragraph 50. When 
the head of a train enters a block, the sig it has past immediately 
shows "stop” against any train that may follow. When all of 
the train has past onto this block, the second block and sig 
behind It are "cleard”. This sequence is produced automatically, 
and Is continued Indefinitely from block to block, operating distant 
slgs as well. Moreover, the mere presence of any train, or even 
of a pair of wheels, on any part of the track of a section of track 
circuit, will maintain at "stop” any sig or sigs governing any 
entrance to such section. In the best practice, as shown under 
"Electric Interlocking”, H 55, the track circuits are interlockt, 
thru relays, etc, with any switches or crossings that would be 
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Involvd. If a train has enterd a block, no siding switch can be 
opend leading into that block ; and conversely, once the block is 
cleard, and a siding switch is opend, all sigs leading to the section 
will show “stop”. 

59. Single-track Automatic. Automatic signals, as they were 
at first applied to single-track operation, would permit two trains 
at opposit ends of a stretch of single-track, to Icav their sidings 
and run toward ouch other, w'here tlie single track, between sidings, 
was long enough to contain a number of blocks. No collision would 
result, however, because each train sets or holds, at "stop”, not 
only the sigs which it passes, but also enough of the opposing 
signals ahead of it, to j)revent collision; l>ut one train or the other 
would eventually have to back out to the siding it had left. 

60. “\hsolulc-permlMKlv”. In this system, however, a train, 
entering either end of a length of single track, will liold, at “stop", 
all tlie opposing sigs abed of it in tliat length. Other trains may 
follow it, as in ordinary double-track automatic signaling. 

MISCELLANEOUS 

Reliability 

61. llelialdlity of railroad sigs generally has been develop! to a 
very high degree. All devices, a.s far as po.ssible, are so arranged 
that any conceivable failure will cause the sig to show "stop”. 

IndlcatorH 

62. Indicators of various types are used, and for several pur- 
poses. They are usually miniature models of sigs or switches or 
track, and indicate to the signalmen or yardmen the condition or 
position of the objects represented, but which may not be visible. 

Other Methods 

63. New methods of train control, by means of slg apparatus, 
are being devclopt, along lines radically different from those here 
descrllied, and Itased upon other fundamental principles. These 
involv, in tlie main, various comliinations or diwelopments of the 
automatic stop, (tl 04) time or speed control, and cab sigs. Some 
of tiu'se methods are In highly successful use ; but, as this portion 
of the art of signaling is in a transition state, we refrain, for the 
present, from discussing it more fully. 

64. Automatic Stop. The effect of the aut stop, upon the 
motorman, is similar to that of a derail (1140). If he does not 
stop tiefore reaching either of these devices, he is almost surely 
detected and discipllnd ; whereas, otherwise, he may repeatedly 
pass a sig, undetected, until tlie liabit Is developt to a dangerous 
degree The liigh cost of the ant stop, and doiit as to its reliability 
under the severe weather conditions existing upon exposed steam 
roads, have retarded its adoption for such servis 

65. <<Smanh*’ siffnaln are sometimes used at the approaches of 
draw-bridges and at other particularly dangerous points. A smash 
sig consists of an arm or board, which extends out over the 
path of the car at such position as to clear trains when it shows 

clear ; hut, when set for the “stop” position. It will strike some 
part of the locomoilv or car. The Impact smashes the slg (whence 
Its name) and may likewise leav a mark on the loco, thus Identify- 
ing the guilty driver. 

66. Street and electric railway sifirnalM. The increasing size 
and speed of street and interuvhan electric rolling stock, have 
made desirable the replacement of primltiv methods by high-grade 
apparatus The use of the mils for the return of the power cur- 
rent. however, makes track-circuit signaling either unreliable or 
expenslv ; so that it has been usual to utilize the passage of the 
trolley wheel under a special contact placed on the trolley wire, 
for setting the sigs. 
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67. Fig 26 represents a block of single-track line, with a 
fllg and passing-place at each end. When the block is clear of 
cars, the apparatus Is “neutral”. Suppose now a car to be ap- 
proaching from the left. Passing under the “contactor”, at B, this 
car sets the sig, E, at “proceed”, at the same time setting sig F 
(at the far end of the block) at “scop”, and advancing a “counting 
wheel”, at each sig, one step or notch. 


_ Ltnoth of Btock, 


! A 


B E 

LeoetuL NenUral: [o1 Proeted: W Stop, 

Fiti. 2G. 



68. Sig F being now at “slop”, no cars may enter the block 
from the right: but a following ear, approaching from the left, 
may enter the block past the "jiroceed" sig at E. the motorman, 
however, regarding it as a caution sig, and observing that it 
“blinks”, indicating that his car has been "couiitid in” And so 
on, with any other following cars, arriving from the left 

69. But, as each car leaves the block, passing the contactor, 

D, the counting wheel at each sig is set hack one notch or step ; 
until, when the last car has left the block, the wheels liave been 
set back to zero, and both slgs, E and F, are aiitom’y restored to 
“neutral”. » 

70. Among recent rotinements are devices for preventing 
the showing of “iiroceed” indications at both ends of a block 
simultaneously, even tho two cars, at opp ends of the block, make 
their respectiv contacts siinnry : for ensuring proper counting, 
even when reverse movements are made , for preventing disturb- 
ance of the counting wheels thru throwdng off or restoring the 
power current ; for applying tho syst to single-track block sigs 
with overlap ; and for tho extension of tho syst to Include move- 
ments from a third i)oint, as a siding. 

71. Selectiv slKnalin^ enables a train dispatcher to set any 
one or more of a large number of sigs, vl'sible or audible, and thus 
to get into communication with some one or more station agents 
or train crews. 

72. 'J'he dispatcher is pr«)vided with apparatus wdth wdilch 
he can send out, over a wdre (w'lilcli connects with all the sigs), 
electrical impulses .at accurate predetermind intervals ; or pre- 
determind combinations of impulses, as in fire alarm systems. Each 
sig la differently adiusted to respond only to a given kind of 
impulse. 

73. Tf the sig is a visible one, it Is set to show “stop”, 
sends a “return indication” or “answer back” to the dispatcher so 
that he may be sure the sig has been set. and is autom’v lockt in 
that position. It can be set lo “clear” only with the co-operation 
of the dispatcher. The conductor of a train that has been atopt 
by the sig, telefones tlie dispatcher : and tlie dispatcher, wh(?n satis- 
fied that his instructions hav been understood, so operates his 
a^pparatus that the sig is unlockt, enabling the conductor to “clear” 

74. Htshway CroMsingM Alarms. The alarm Itself may be 
either a bell or other sounding device, or lights or illuminated 
signs, or both. The alarms .are usually controld electrically by 
means of track circuits, .and various complex arraugements of 
relays, often Interlocking with each other. 
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75. A crosslDg sig, utilizing the vertical flexibility of the 
rails, eliminates most of the difficulties due to irregular train move- 
ments. etc, and provides its own actuating power. The device \a 
‘•direction sensitlv", requiring a train movement in the right direc- 
tion to giv the alarm, and the alarm stops autom’y when the train 
stops. 

76. Use of slsnalo* January 1, 1911 and 1915, as given by the 
Interstate Commerce Commission. 

(Al "/tne-mlle,” or road-mile, = a mile of roadway, whether occu- 
pied by one track, or by two or more tracks. A “frocfc-mlle" = a 
mile of single track Thus, there are two “trocfc-miles” in a "Wne- 
mlle” of double track.) 



In use, in 1911, on 

In use, in 1915, on 

Kind of signaling 

Line- 

miles 

Track- 

milea 

Line- 

miles 

Track- 

miles 

Exposed disc 

Enclosed disc (“Banjo”) 

323 

1,921 

.537 

3,806 

257 

1,356 

391 

2,961 

Semafors, 

Electro-pneumatic 

Electro-gas 

Electric motor 

434 

910 

14.108 

1,391 

2,018 

21,3,39 

433 

891 

26,575 

1,392 

1,890 

42,409 

Total 

15,521 

24,748 

27,899 

45,691 

Normal clear 


23,059 


41,667 

Normal danger 


0,093 


7,753 

Total aiitomalic block slgs 
Total non-aiit()iiiatU“ block slgs 

17,710* 

53,558 

29,152 

63,500 

20,864 

66,745 

49,442 

74,673 

Total auto & non-auto “ “ 

71,209 

92,708*1 

96,609 

124,115 

Total passr Hues operated 

"l72,390 

105,922 

193^180* 

223,081 

Percentage block signald 
Telegraf 

Telefono 

Electric bells and controld 
manual 

Electric train staff 

41 4* 
38,613 
12,109 

3,212 

340 

47 .3* 
44,542 
15,038 

4,357 

347: 

.37,9.38 j 
28,364 

2,88.3 

388 

55.6 

41,174 

32,851 

3,622 

407 

No of block sig .stations 9,912 

No. of block sig stations closed part of time 8,751 
Number of block sections 29,881 

11,496 

5,799 

51.690 


77. CoHta of slgs, prior to 1911, as given by Special Committee 
on Relations of Uy Operation to Legislation, 1911, Nov. 14, aa 
result of enquiries and replies receivd from railroads operating 
about 80% of all tr.ack in U S eqiiipt with block signals. From 
By Age Gaz. ’ll Nov. 17. 

Installing, per mile of track : 

Automatic, $1,140; Non-automatic, $248. 

Maintaining, automatic, per year; 

$169 per mile of track ; $09 per signal blade. 

Costs for installing during 1911 were 10 to 40% greater than 
above, due, probably to the introduction of greater refinements. 


•Substantially correct, notwithstanding Insignificant discrenan- 
cles betw diff tables in the I. C. C. Reports. ** 
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YARDS AND STATIONS 

1. General. Yards, stations and terminals* consist of tracks In 
addition to those of the main line; liuildings and various facilities, 
for expediting the shifting and general hiindllng of locomotivs, 
cars, freight, [jaaseugers, haggngc, etc. Tliey may consist merely of 
a small station, a single siding and a freight house ; or may In- 
clude large freight and passr stations, and dozens of tracks, and 
cover an area u mile or more in length 

YARDS. 

2. Definition, (Am Ry Kng .\.Ksn). “Yard. — A system of liacks, 
within deiined limits, provided for making up trains, storing cars, 
and other purposes, over which movements not authorized by time- 
table or by train-order may lie made, subject to prescrilK‘d ‘signals 
and regulations.’’ 

3. Geiicriil. Yards coiim!,! usually of 

(a) a licceirinfj Yard, ^ 10, upon which trains, entering from the 

main line, may remain until they can be sorted , 

(b) the fService Yai(1n, 11 11, in which locomotivs are coaid, refrlg- 

ator cars iced, etc, and rolling stock reimu'd , 

(c) the Separating, Sorttnfj, or ('hittfufication Yard propiT, 1140; 

and 

(d) a Fonoardmg \ard, or Departure Tracks, 1179, on which the 

newly made-up trains may wait before passing out onto 
the main line 

4. The deHlgn of tht* yard, will depend largely upon the charac- 
ter, direction and amount of traffle, upon the area and shape of 
ground available, upon the nearness of various supplies and facili- 
ties, and upon other factors Large yards should he dcslgnd only 
In the light of all obtainable information on those and any other 



pertinent points, and after carefully estimating future traffic and 
growth. 

5. Example. The Missouri Pacific yd, Fig 1, at Dupo, 111, Is 
fairly representativ of the average Ideal large yard for traffic about 
equally balanced. 

41. Two directions. Usually, at any one place, there will be 
virtually two yards, one for each direction of traffic, except that 
there should be but one service yard, serving traffic in both direc- 


•See foot note, p 1006. 
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tlons. Ttw two yards may Im« of approx pqual, or of very unequal 
glze, depending upon the relativ amounts of traffic In the two 
directions. 

7. Main Line Tracks should. In Reneral, especially In large 
yards, be located outsk.e the yard, one on each side, If possible, or 
both on the same side if necessary; while facilities (service yard, 
etc) should be groupt near the center of the yard, 

8. Connection with Main Line. The number of switches lead* 
Ing directly from the main track should be a minimum, with a 
croSvS-over if double-track in a small yard, the several yard tracks 
connecting only wltli each othnr. Any switches should, where 
possible, face away from the traffic, so that main-line trains will 
trail thru them, thus reducing the risk of “running Into an open 
switch.” Tlie switch should also be interlockt with any main-line 
signals, and have a d(‘rall, pp SLM-T, to prt'veiit cars from wrongly 
getting onto the main line. 

9. Uiie. Freight yards are used (1) for tlie storage of rolling 
stock not In use, (li) for holding cars while being loaded or un- 
loaded. and (3) for re-arranging or sorting cars When used for 
the latter purpose, they are commonly called “classification yards,” 
are prohahly by far the most important, especially at large centers, 
and not only usually include the other two types, but serve largely 
to reduce their size. V'arious writers emphasize the Importance of 
regarding a yard as a place in which to handle cars, and not as a 
place in which to store them. 

Recctvlns Yards. 

10. The receiving yard must be long enough to hold the longest 
train, and must have a number of tracks sufficient to hold all the 
trains coming until they can he handled. From it, the loco of each 
train is taken to tl»e service yard for re-coaling, etc, and the train 
Js pusht into the classification yard proper. 

Service Yards. 

11 . Service yards should, in general, be centrally located. They 
should Im? provided with tracks and other means for changing ca- 
booses end locos and for removing and holding disabled or “bad 



ord<‘r" cars, and with running tracks to enable curs and locos to 
pass freely around or thru the yards. Facilities should be pro- 
vided : for removing ashes from locos ; for supplying them with 
water, coal and sand ; for cleaning, oiling and housing them and 
making minor repairs to them ; for inspecting and repairing cars 
and overhauling (hot) Journal boxes; for cleaning passr cars; for 
icing refrigerator cars ; for supplying water and feed to live-stock ; 
and for such other special requirements as may exist. 

12. Damaged earn of the dump or hopper-bottom type, and theif 
contents, aie sometimes conveniently handled by first running them 
up on a trestle and dumping their contents Into good cars on tracks 
under the trestle. 

()8 
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YARDS AND STATIONS 

1. General. Yards, stations and terminals* consist of tracks In 
addition to those of the main line; liuildings and various facilities, 
for expediting the shifting and general hiindllng of locomotivs, 
cars, freight, [jaaseugers, haggngc, etc. Tliey may consist merely of 
a small station, a single siding and a freight house ; or may In- 
clude large freight and passr stations, and dozens of tracks, and 
cover an area u mile or more in length 

YARDS. 

2. Definition, (Am Ry Kng .\.Ksn). “Yard. — A system of liacks, 
within deiined limits, provided for making up trains, storing cars, 
and other purposes, over which movements not authorized by time- 
table or by train-order may lie made, subject to prescrilK‘d ‘signals 
and regulations.’’ 

3. Geiicriil. Yards coiim!,! usually of 

(a) a licceirinfj Yard, ^ 10, upon which trains, entering from the 

main line, may remain until they can be sorted , 

(b) the fService Yai(1n, 11 11, in which locomotivs are coaid, refrlg- 

ator cars iced, etc, and rolling stock reimu'd , 

(c) the Separating, Sorttnfj, or ('hittfufication Yard propiT, 1140; 

and 

(d) a Fonoardmg \ard, or Departure Tracks, 1179, on which the 

newly made-up trains may wait before passing out onto 
the main line 

4. The deHlgn of tht* yard, will depend largely upon the charac- 
ter, direction and amount of traffle, upon the area and shape of 
ground available, upon the nearness of various supplies and facili- 
ties, and upon other factors Large yards should he dcslgnd only 
In the light of all obtainable information on those and any other 



pertinent points, and after carefully estimating future traffic and 
growth. 

5. Example. The Missouri Pacific yd, Fig 1, at Dupo, 111, Is 
fairly representativ of the average Ideal large yard for traffic about 
equally balanced. 

41. Two directions. Usually, at any one place, there will be 
virtually two yards, one for each direction of traffic, except that 
there should be but one service yard, serving traffic in both direc- 


•See foot note, p 1006. 
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23. Length. Many older tables ranpe from 60 to 70 ft In 
length; but, of 57 important railroads, interrogated by a commit- 
tee of the Am Ry Bridge & Bulldg Assn* in lOlll. 54 used tables 
ranging from 75 to 00 ft long; two, 100 ft. and one, 105 ft 




24. Exems length Turntables must ordinarilv be consider- 
ably 'longer than the ‘combined wheelbase of loco and tender, espe- 
cially where unloaded lenders, with their locos, are to be bal- 
anced” (bearing only upon the central pivot). Compare Figs 5 



•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee ■ 
elaborate report, adopted Oct 1912, we are indebted for much of 
the Information and recommendations here given. 
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Report 

PP 

Weights 

loco 

pounds 

tender 

loaded 

pounds 

light 

pounds 

Am Loco Co Mogul 

2 

187,000 

143,800 

55,300 

Baldwin Mikado 

4 

HO."),! no 

160,700 

50,000 

Santa F6 Mallet 24-wheel 

5 

010,000 

234,000 

105,000 


and G, which Indimtc the turntable lenj^ths required for n “Mogul” 
type loco (Ilollirig Slock, pgf Goj, with lender; luuderT, Fig o, and 
light, Fig G. 


Ttnder q, niiir 



Fig. 5. 


Fig. 6. 


25. The tahle above shows weights and hor dists (to the 
nearest Inch) for this and for two other I3pes. The lirst tw'o are 
the heaviest of those t.\pes made by the .\tneriran and Bal<lwln 
works respectlvlj, up to lbl“ The committee* recommends a 
min length of TTi it tor ordinary nractice . and 00 ft for heaviest 
engines; preferring wjes to turntables longer than 00 ft 

26. Mcchnmru. .l/owcnt.s and fthears Stresses nnd deflec- 
tions. When a turntable is •‘balanced,” with or without load, the 
frame is to be treated as fornnug tw'o cantilevers, each consisting 
of two parallel girders or trusses, 0, the two caiitib'vei s being con- 
nected over the central pier. For this ease, but one po.sition of the 
live load Is possible But, when the load is so placed that one 
W'lng of the tuldc frame re^ts, at one end. m»on tlie circle rail, R, 
and the otlier end upon the central pier, (as when a loco is en- 
tering or leaving the table), that wing is to be treated as a simple 
beam, nnd the other wing as a cnntilevei, and tins is ahvavs the 
case with the non-tipping table. Fig .‘t In eitlier case, the moments 
and shears, for dead load, for live load, and for botii combined, are 
to be found (for different positions of the live load i as on pp 410 to 
45:1. the corn^sponding stresses as on pp 4C.0. otc . and t)ie deflec- 
tions as on pp4S() 4Sl For balanced table, the end deflections 
should not exceed about 1/2 lucb, and must not bring tlie tahle 
to a bearing on tlie circle rail li. 

27. According to the committee,* the practice is to use unit 
Btrrfifirn of 16.000 ibs/aci inch in tension, and lo.ooo in shear, when 
separate provision is made for impact (see Trusses. pT.^S); and 
the committee recommends 10,000 and G.OOO respectlvly when no 
such provision Is made ; except that, at the ends, live load stre.sseg 
should be doubled to provide for impact. 

2S. W/.cd Jnadinfjft. In designing a turntable, the locos, 
which may have to mse it, should be studied, and the design should 
be based upon that one which ftrodueex the greatest stresses By 
reason of their short w’heelbase, Coopcr*e loadings (loco tender 
= 48 ft for all classes; see Truss Speeificatlons, p755) are un- 
aulted for modem heavy turntables : but they are nevertheless 


♦Ileport. .Am Uy Bridge & Bldg Assn, 1012 To this committee's 
elaborate report, adopted Oct 1012, we are Indebted for much of 
the information and recommendations here given. 
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Lengths, to nearest inch | 

W 

Fig 5 

(tender loaded) 

A T L B E 

Fig 6 

(tender light) 

A T L B E 

t M 

56-10 

67-01 

108-02 

t n /»» t » in 1 

0-7 28-05 28-6 0-7 58 

0-6 36-00 31-1 5-5 73 

2-2 57-10 50-4 9-8 120 

0-8 3.5-4 21-06 14-6 72 

0-9 43-9 23-04 21-2 89 

2-3 65-3 42-11 24-7 135 


som'etimes used ; their wheel-spaclngs being increased for the pur 

f )ose. In the following table, the three heavier locos, by distriouf* 
ng their loads over a greater portion of the span, will, if placed 
upon a bridge^ produce approx the same stresses as will the lighter 
Cooper E 50; but, on a l>alanced turntable (where each wing arts 
as a cantilever) their greater lengths and weights produce, at the 
center, greater shears and much greater negatlv moments, as 
shown ; — 


Loading 

Loco 

lbs 

M 

Wheel- 
base, 
loco 4 
tender 

Moments and shears at 
center, iu turntable 

Neg mom 
ft-lbs. 

due to 
Cooper 

Shear, 

lbs 


22.'>,000 

130,000 


2,149,200 

E 50 

225,000 

Am L Co 

(tenders loaded) 





Mik 

315,000 

109,700 

07' 101/2" 

4.349,000 

E 100 

270,000 

^ Pac 

317,000 

175,700 

71' 5%" 

4,050,000 

E no 

248,300 

Mai 

4S3,000 

1 80.400 

88' (4" 

7,228,000 

E 170 

346,900 


28 . Turning. Small tables are turnd by hand ; for which pur- 
pose a lever, 8 or 10 ft long, at convenient height, and fitting into 
a staple, is provided at each end of the tal>le. Heavier tables 
are turnd by pneumatic po^^e^, or by gasoline or steam englna 
Electric power is jireferd, where readily availalib*. Comprest air 
is used where occasional freezing, necessitating the temporary use 
of manual power, is not prohibitory The motor is placed some- 
times next to the center, C. sometimes next to one end of either 
wing, sometimes at the end of a light wing at right angles to the 
mam wings. With motors, tables are commonly turnd unbalanced, 
i e, with the live load bearing partly upon the circle rail, R. 
Where ordinary tables are to be turnd without being balanced, 
and in non-tipping tables, it is usual to make the wing ends and 
their wings extra heavy, to support that part of the live load which 
comes upon them Balancing tables may then be turnd ‘'balanced” 
when turning the shorter locos, and “unbalanced” with larger 
locos. Non-tipping tables, owing to the greater leverage of the re- 
sistance at their end supports, are dlfiicult to turn, and expenslv 
in maintenance on account of w'ear in those supports. 

30. Turntables are held in position, for passage of locos to 
or from them, by numerous devices; as by power brakes (especially 
where power is used for turning) ; or by bars, swinging vertically 
about a hinge fastend to the table ties, and catching, as they swing, 
in a notch fastened to the ties between the rails of the approach 
tracks: or by sliding latches, running in sleevs upon the table 
ties and entering sockets fastend between the rails of the approach 
tracks. The last-named are conveniently thrown into and held In 
the lockt positions by springs, and withdrawn by means of a hand- 
lever, which niay withdraw simultaneously the latches at both enda 
of the table. The lockina device is frequently connected with h 
•ignai, indicating its position. 






















1000 


EAILliOADS. 


31. Crosfiinij of the radial approach raiU of adjacent tracks, 
Doar th«‘ tiiblv, toK<'tht‘r with th<* use of frogs, is frequently necessi- 
tated l)y llmltatlonK as t«» simee. 

32. Flooring. Tlie entire pit is now floored over only in 
speelal eases ; as where floor apace, or a passageway for teams, etc, 
is needed ; or where danger of freezing is a serious matter ; in 
which latter case, a stove may l>e mounted upon the swinging 
girders. A steam-pipe is sometimes laid around the pit, adjoining 
the circle rail, li, (Fig 2). The flooring, vviien used, is suppo^rted 
upon light radial trusses, (’oraraonly the table is made wide 
enough to accommodate a footuag on one or both sides, the foot- 
way l)elng supported upon extra Itmg tics, placed at intervals ; and 
the footway is Hometlmes provided with a hand-rail. Frequently 
one or two light additional wings are provided, at »rlght-nngles 
with the main wings, to- carry the motor or the stove, etc, or for 
otlier purposes ; forming a cross-shape in plan For rigidity, the 
ends of the four wings may be connected by struts. 

33. Height of rail. The talile is usually placed at such 
height that, unloaded, its rails are about % inch above those of 
the approach tracks ; so as to leave 14 Inch clearance betw the 
circle rail and ihe end- wheels of the table, when the ends of the 
wings deflect each % Inch under a balanced load. The tops of 
the table rails should come flush with those of the approach tracks 
at that end over which a loi*o may be entering or leaving the 
table. Steel springs have been employd, to absorb the shocks 
occasioned by locos eulcrlng and leaving. 

34. The foundationn, of both pivot pier and circle wall, are 
usually of concrete ; and of course must be very carefully laid 
(especially that for the pivot pier), in view of the very heavy 
service required of them. The pl\ot pier is commonly provided with 
a stone cap. Where rock bottom is not acce-ssible, piles are driven 
under the pivot pier, under the <*ircle rail and undc^r the parapet 
wall. Those under the plv<it pier are usually in a square, 4 to 7 
piles on a side, and coveting an area of from 12 X 12 to 16 X 16 ft 

35. The ciielc wall is usually of concrete (rarely of wood), 
with timber coping for the sui)port of the stub ends of the approach 
tracks, and radial timber ties for the support of the circle rail. 
When either the ajiproach rails or the circle rails rest directly 
upon the couende, the latter is apt to be disintegrated The circle 
wall is usually from 6 to 7 ft in greatest Width, and the parapet 
trail from 1.5 to 2 ft. Owing to its circular form, in plan, it acts 
as n hor arch, and a gravity section (capable of withstanding 
alone the collapsing pres of the surrounding earth) is not neces- 
sary. 

30. A niche, or recess, left In tlie circle wall at some point, 
gives convenient access to the end of the table, for inspection etc. 

37. Wooden turnlahlcH arc sometimes used, from motlvs of 
economy, especially for tempprary purposes. They are sometimes 
without rollers or disks at the center, and then, in turning, bear 
either upon their end w’heels or upon a series of wheels arranged 
in a circle not far from the center. In the latter case, the live load 
bears partly upon tlie end wdieels when entering or leaving the 
table. They usually require two men, with crank mechanism, to 
turn them. Their economy, In first coat, is apt to be offset by 
excess! V cost for repairs. 

38. Pit drainage, always Important, is especially so with 
the deep pits often required for modern heavy lo<‘ 08 . ^Water, in 
the pit, rusts the bearings, and thus necessitates stoppage of 
operations and Jacking up for cleaning and oiling. Water, freezing 
in the pit, may entirely stop operations. Where the pit bottom 
is too low for convenient drainage, the pit may be made shallower 
by one or other of the devices mentiond in (1(1 20-22. 

39. Pigs 7 and 8. *Th€ center Is essentially a circular steel box, 

•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee’s 
elaborate report, adopted Oct 1912, w^e are indebted for much of 
the information and recommendations here given. 
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the lid of which (carrying the frames) bears upon it usually thru 
the medium of conical rollers, ball hearings, or disks, of hardend 
steel ; conical rollers. Fig 7, being most largely used. In the best 
tables, these are held in place, radially, usually by “live rings” 
encircling them, both at their Inner and at their outer ends, and 
separated from them by ball bearings (»r frh'tlonless washera Coni- 
cal rollers are commonly from 7 to 12 ins long, and from 4 to 8 ins 
diam at the larger end. They usually liear, above and below, upon 
relatlvly thin annular track pUitrs, which, when worn, may be re- 
pl.'tced, leaving box and lid intact. The design of the center is 
often left to the manufacturer. 




Fig. 8. 


40. Notwithstanding the successful use of disk centers. 
Fig 8, in swing bridges, where they carry much heavier loads, they 
have not come Into general use for turntal)les. The committee* 
recommends their serious consideration 

41. “Hydraulic’^ centers (oil or glycerin being used, on ac- 
count of danger of freezing, instead of water) have been suggested. 
They would lie easily adjustable in height. 

43. Centers or pivots are voy iwpor/awt. It pays to use 
the very best obtainable. Three-quarters of RRs u.se conical roller 
or ball bearings, of manufacturers’ standards. Much of the trouble 
with roller hearings seems to have l»een due to former poor design 
and small size, and to sub.sequent negh‘ct in maintenance. 

43. The mechanism should be otld at least annually, and as 
much oftener as may be required by flooding, or when the table 
becomes hard to turn. The frames, etc., require frequent painting. 
To facilitate inspection, repairs, etc., the table may be jacked up 
from the center pivot ; the jacks resting upon two concrete founda- 
tions, placed diametrically on opposite sides of the center, and lift- 
ing by means of steel brackets, riveted to the table. 


•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee’s 
elaborate report, ado()ted Oct 1912, we are Indebted for much of 
the Information and recommendations here given. 
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44. The cost of turntables varies widely with many factors, 
but the following may be taken as approximations. Cost of steel 
deck turntalile, complete, with tractor, including pit, pier, etc.. 
$100 per linear foot ; thru tables, $150 Light wooden tables may 
cost as little as $15 to $20 per lln ft. Pit, lined, including pier 
fountlulion, from $0.50 to $i.:io per sq ft; paving alone (often 
omitted), from $0.15 to $0.25 per sq ft. 

45. Wyea or Y-triick», Sec Turnouts, 18, 10, p 825. 

Claaalticatlon Yarda. 

46. The main object of a (lassifRcafion yard Is to recelv, from 
one or more points or lines, as A, II. C, D, etc,, trains in each of 
'which there may be cars lor any or all of a number of.other points 
or lines, as M, A', O, i\ etc, and so to rearrange the cars as to 
make up new trains, the cars of each of which may then go directly 
(or with a minimum of rearrangement or subsequent shifting) to 
their respectiv destinations, as J/. N, O, P. 

47. Minor objects are the similar re-classihcation (or “Trans- 
fer”) of the contents ol cars, and general renewals and repairs. 

48. Push nnd pull, or flat Hhlftiiig:. Where gravity cannot be 
utilized for shifting (il 50), car movenn-nfs mii.st be made by loco- 
motiv Cars may Ik' given a push l)> the loco, and tlien left to go 
when' they are wanted, sometinu's assisti'd !>y a slight down grade. 
They should be under the eontiol of a brakeman. Or, the cars may 
1 k‘ pulled, “making flying swilche.s,” ns follows: — With the train 
in motion, the loco is niicouplod, and runs on ahead, at increast 
Sliced, thru a switch, on to an unoccupied track ; and the switch is 
tnen quickly thrown, in time to send the oncoming cars onto the 
required track. This re«iuires skilful co-operntion of crew and 
yardmen These methods, tho objectionable, and expensiv during 
opijratlon, will, nevertheless, be usually mori' economical in a small 
or unimportant jard, than any ot the following methods. Vhlch 
are more costly to install and maintain, but which may he well 
worth their cost in larg<> or busy yards. 

49. PolluK. By means of a stout pole, two or three times ns 
long as the clear space In'tw cars, the loco (sometimes provided 
with a specially constructed car, and running backward and for- 
ward on a parallel track) pushes otf, from a train, one or more cars 
at a time, sending them, tliru swatches, to their destinations under 
their own momentum. 

50. Hump or gruvlty i'lasKlfieation yard 

In this type of classification yard, the train is pusht up over a 
hump in the track, at which point the cans are uncoupled, one or 
more at a time, and descend, by gravity, thru the yard, to their 
desired destination, 

51. Operntlon. A train enters the receiving tracks, its 
locomotiv is uncoupled and sent to n side track for re coaling, etc. 
A special yard loco then comes up behind the train and pushes It 
slowly forward, over an up-grade, to a summit or “hump." As 
each car, or set or “cut" of cars for any one destination, passes 
over the hump, it is uncoupled. It then proceeds, by gravity (usu- 
ally first over a track-scale, on wdilch each car may be w’elghd) 
down quite a steep grade nnd onto the “ladder track," which leads 
by switches to the several classification tracks. .\s each car or 
“cut" starts on Us way, it may be mark! with a number or sym- 
bol, Indicating its destination. As tho car or cut comes down the 
ladder track, its destination, as thus markt, is noted by switchmen, 
who set the switches for It. It Is boarded by a brakeman or 
“rider," who then controls its speed by means nf the brakes, the 

? :rade8 of the ladder and classification tracks all lieing such as to 
Dsure the delivery of the car to the furthermost points desired. 
The rider then returns for another car or “cut " When It is time 
to make up n train from one or more classification tracks, the 
“road engin" backs in from the lower ^nd of the yard, couples to 
the collections of cars desired, and then proceeds into the forward- 
ing yard or out onto the main line. 
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52. Speed of operation. According to Mr. C. L. Bardo, 
Jour N Y R R Club, 1003. iX'c, a train of dO cars, with 50 cutg, 
requires by push and pull, 2 hours; by poiing, 1 hour, 15 mins; by 
hump, 30 mins. 

53. Grades of hump yards depend chiefly upon the av and 
max car resistances (usually preater in empty than in loaded cars) 
per unit of wtught ; which, in turn, depend upon length of time 
cars have been standing; upon temperature (the resistances being 
greater in cold weather) ; upon prevailing wind direction, or that 
of probable max winds; and upon condition of track, including 
curvature. Sw Train Resistance, pp 1057. etc. 

.54. In the following table, the first line gives the recom- 
mendations of the Am Ry Eng Assn Manual, 1011. The others 
(from Ry Age (Jaz, 1012 Aug 0, pp 230-0) give max, av and min 
values reported by Mr Shelby Saufley Roberts, representing about 
thirty hump yards. The grades are given In ft per 100 ft. 


First grade from summit 

ladders 

clnsslflcatn 

Am Ry Eng Assn 

3.00 

1.00 

0.50 

S. S. Roberts Max 

4 00 

1.75 

1 (M> 

Av 

2 60 

0.07 

0.30 

" Min 

1 00 

0.50 

0.00 


55. Seasonal changes. In order to compensate for the markt 
differences In resistance, due to temperature, hump grades are 
sometimes changed, either by re-grading tlie hump portion of the 
track twice each year, or by providing two humps, side-by-side ; a 
steeper one for winter use. and a flatter one for summer use ; but 
the steeper hump may be advantageously used in summer for hard- 
running empties. For a third method, see next H. 

» 56. The mechanical hump, designed by Mr. A. W. Eprlgbt, 

scale inspector, I’enna R R, consists essentially of a short two-span 
girder bridge, the middle support of which may he ralsd or lowerd 
by means of jacks, and then held at the desired height by blocks. In 
one Installed at West Brownsville June, Monongahela Dlv, each 
span Is about 20 ft, and the central support movement is about 
8 ins. 

67. After passing over the hump, it Is usually desirable to 
pass the car over a 

58. Track Scale. Until quite recently, very little attention 
appears to have been given to the design of track scales, with the 
result that they have been rather delicate affairs likely to get out 
of order, and to give erroneous readings. Later efforts, ho^wever, 
have produced much more satisfactory machines, altho they do not 
appear to have been generally standardized. They are essentially 
large weighing machines, on the platform of which the track Is 
laid. 

59. Difpcultics that ohtnlnd have been listed as follO'WS by 
a committee of the Am Ry Bridge & Bldg Assn. 

Carlessness of weigher; Improper balance, another car partly on 
scale Weakness of scale ; deflection of scale bridge or levers. 

Miso : deck binding, rails binding, broken castings or bearings, dull 
bearings, bearing feet resting on angle irons, insuff clearance betw 
feet and scale timbers, levers out of line or loose, and foreign mat- 
ter in friction with levers or scale parts. See also H 63. 

Many of these troubles are due primarily to insufficiently Arm 
foundations. • 

60. Dead rails. To avoid unnecessary wear of scales, locoa 
and cars not requiring to be welghd may, as either approaches the 
scale, be switch! across the scale pit, on a pair of ‘'dead rails," laid 
parallel with the weighing- rails and about six ins from them, but 
supported rigidly on posts which pass dow'n thru the scale without 
touching it and rest upon the scale-pit foundations ; but modem 
track scales are sufficiently strong to carry all the traffic without 
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Injury ; and dead rails are going out of use, all cars and locoa 
passing over the weighing-tracks. The dead rails endanger the 
trackmen, whose feet may he caught betw them and the weighlng- 
ralls, and their supports obstruct access to the scale mechanism. 

61. “ Bridyc-rails/' The weighing rails are sometimes con- 
nected with the iixt rails, at each end of the scale, by short rail 
lengths, pivoted to each. These not only obviate the blow caused 
when a wheel jumps the gap betw the ends of the flxt and the 
weighing rails, but also transfer the load more gradually to the 
scale. 

62. BcUcvmg gear The l*enna K K has employed a device, 
patented by Mr. A. W Epright, and consisting of a system of tog- 
gles and pistons, operated by either air or water, and under control 
of the welghmaster by means of a three-way valv, by means of 
which, in a second, betw the passage of any two cars, the load of 
the scale and any following cur may at pleasure be taken by the 
toggles, or restored to the scale levels 

63. Binding of glaiforniH has been n frcqucmt source of 
trouble and may be prevented by careful eonstructiou, by prevent- 
ing Inward bulging (as l)y Irost) of the pit sides, and by so bevel- 
ing the opp faces that the space, betw them, widens downward, in 
order that objects, falling into the space, shall not wedge and bind. 
Uail ends, even wlien properly sx'cured against creeping, are apt to 
bind, under temperature changes; but this may be lueveuted by in- 
serting switch-points in the rails near the scale ends. 

64. The scale length, if each car to lie weiglid is to be stopt 
(••spotted”) on the scale, slioiild be about the length of the longest 
car If cars are to be weighd in motion, as they run over the scale, 
the scale length should be about one-tlilrd gieatcr. 

6.%. Testing Scales should lie tested periodically, say every 
few months, by running over tlieni, and stopping on them at various 
points, special loach'd test cars of known weight Preferably, the 
weights should be adjustable, in order to see whether the indica- 
tions of llie scale are truly proportional to the load, for all weights 
likely to come upon it. Many railroads liave special cars for this 
purpose. 

66. Drainage, heating and lighting of the scale pit are all 
desirable to prewut damage by water and by freezing, and to facili- 
tate inspection and adjustment. 

67. Speed of xccighing. The velocity of the cars over the 
scales, while lieing weighd, may vary between zero and 6 or 8 
mlles/hr, about 4 mile.s/hr being usual. It Is usually practicable 
to weigh several cars per min ; but the time required, per car, may 
range from several mins, down to abt s secs, tbo this high rate 
can seldom be malntaind continuously. 

68. Classifying. As the cars are cut off from the train, 
and as they pass over the hump, the switchmen must know for 
which track each cut Is destind, in order that they may set the 
switches properly : and the brakeman of each rut must know this 
also, In order that he may properly control the speed in passing 
around the switch and In coupling on to any cars ahead. Some- 
times the destination is chalkt upon the car bodies ; sometimes (es- 
pecially at night) tlie brakeman informs the switchman by means 
of arbitrary signals. 

69. The *^c.ut list** recommended by the Am Ry Eng Assn. 
Supplement of 1913, Manual of 1911. consists of two or more dupli- 
cate lists, giving (1) the number (.l.st, -ud, 3rd, etc) of the cut, 
(2) the number of the track to which the cut is destind. and (3) 
the number of cars in the cut A copy of the list is given to each 
switchman concernd and (if thought necessary) a copy to the 
brakeman of each cut. 

70. yard siritchcs (Am Ry Eng Assn, Manual. 1911) for 
ladder tracks should have frogs not sharper than No. 8. See also 
11 57 (I^adders) under Turnouts, p 871. 
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71. Sicitch upGrution. The operation of each switch by a 
lever placed at the switch, in the yard, is cheap In installation, but 
expensiv in operation, and inefficient in a large yard, as compared 
with control of numerous switches from a single switch tower by 
means of the usual switch and signal operating equipments. See 
Signals, pp OSr*, etc. 

72. Curvature compvnHution. As grades, on the line, are 
reduced on curvs, to facilitate hauling upgrade by locos, so they 
are incieast on curvs in gravity yards, to aid gravity in getting the 
ears around the curvs. See H 41, under Train Resistiunv, p I0fi2. 
Mr. H M. North, of the L S & M S Ky, recommends an increase of 
about 0 ur> tt per 100 ft (1/20 of one per cent) for eaeli degree 
of sharpness. 

73. Ladder trnckH are those containing the switches leading to 
the several classification tracks (H 74). In small yards, one ladder 
track suffices , hut ordituirily space is wuisted when more than K or 
10 tracks .lie taken liom one ladder, and it i.s thou advisaiile to 
use t\vo or more ladders. See also “Ladders,” H 57, iiiuh'r “Turn- 
DUts,” i> S71. 

74. ClnNsiflcnflon trnckH are long parallel tracks, onto which 
cars ai-e run from the ladders. In general, each classification track 
represents a diff route or destination or purpose of train Thus, 
track No 1 may be used for curs d<*stlnd for tlie M R R, track 
No 2 for cars of the N R R, and so on ; or track No 1 for cars 
hound for station /’, track No 2 f<ir station Q, etc, one tniiii being 
subseipiently ma<io iq) liy taking the ears successivly from tracks 
1, 2, etc, in such order that tliey may he cut off at stations P, Q, 
etc, as the train proceeds, and without re-shifting ; or track No 1 
may be reservd for a regular train, to leav at a 8p(*cified time: 
truck No 2 for a special Irani; track No 3 for empties, to be re> 
turned when enough ot them have accumulated to form a train ; 
etc, etc 

75. Secondary claMHiflcatloii yurd.s are used where the desired 
classification, esjiecially us regards the order of the stations, can- 
not he attalnd In the main elassilicatlon yard. Such a yard is con- 
veniently [ilaeed beyond the mam class meal ion yard, and may have 
a “hump” ot Its own These yards ate called also “rrclaHsification 
yardH/' “staiwn-ordcr shiflera," or “grouping yardn.'* 

76. CapnolticH of classification tra<*ks. No such track need be 
longer tlian the longest train to be as.sembled. Indeed, if they be 
made somewhat shorter, the (K’cusional slight Inconvenience of 
having to make up a train from cars on two tracks is usually more 
than compensated by' time saved in dropping curs into places from 
the bump, in the return of brakemen, and in general communication 
and operation. 

77. Spacing; of yard tracks Recommendation of Am Ry Kug 
Assn, Manual, 101.5 ; c toe, min ; l>ody tracks (mniu tracks of classfn 
yard) 13 to 14 ft; ladder track and fir.st body track, 15 ft from any 
adjacent track. Min spacing must enable men to see, signals and 
to avoid colliding w'ith electric light poles, etc. 

7N. Car riderH, car droppers, or brakemen. One “cut” seldom 
contains more than five cars, even when more than five are bound 
for the same place. Each cut is (or should lie) controld by a 
brakeman, from the hump to near Its destination. The return of 
the men to the hump involves fatigue and loss of time If they 
walk, and expense If tliey are carried. Their transportation may 
be effected by means of an old light loco with a car, or by gasoline 
inspection or electric cars. Moving sidewalks have been suggested. 

Forwarding; Yards. 

79 . The forwarding yard is placed beyond the classlfn yards. 
Each of its tracks should be as long as the longest train. Often 
two or more trains can be accommodated on one track, especially If 
cross-overs are provided. Comprest-alr pipes should be provided, 
for testing brakes while loco and caboose are being coupled up. 



1006 


EAILROAD8. 


Thorofnrc tracks, thru or aloriKskle tlu* yard, permitting free and 
rapid movY‘ment of locos and cabooses, around and to the trains, 
should l)e provided. 

lllumtnntion. 

80. Am lly Kng Assn, Mnnual, 1011, recommcmds. for hump and 
laddcT tracks, arc lights ol L'.OOtt candle power each, 12S ft or more 
above ground, and 110 to lott ft apart Dther authorities recom- 
mend lights of lower c p, with closer spacing The use of reflectors 
or lenses, and of shields, etc, to direct the light efluuently, appears 
to he worthy of much nioie careful study than it has usually 
recelvd. 

81. When the main body tracks are not illuminated, a light may 
he left at the rear of each collection of cars, and shifted back to 
the rear of each new “cut" added. 

STATIONS* 

Freight Sfiitioiis. 

82. TranHfer NtntloiiM. As the classlfleatlon .\ard serves for the 
rcarranpinent of the ears in trains, so tlie transfer station serves 
primarily for rearranging the contents of cars among the dlff cars, 
transfering it from any one ear to any others, ov(>r platforms ad- 
jacent to tracks upon whicli the cars are run The platforms are 
preferal)ly placed flush witli the floors of box cars, in order that 
trucks may readily l)e wheeld over planks laid across tlie gap hetw 
car and platform Storage space (preferably eoverd) should be 
provided, on tlie plat forms, to reeeiv goods for which cars are not 
ready. 

83. Mechnnlonl hnndlini; (electric trucks, telfers, traveling 
platforms, etc) Is economical, both In transfer and general freight 
work, in large stations, if suniciently flexible and not too eurabrouB. 
“Where large amounts of freiglit are to l>e transferd, the use of 
power-driven eoverd traveling platlorms is recommended," Am Ry 
Eng Assn Manual, 1911, p4ul. 




84. Freight Ynrdii nnd Stnllonn. The track layout is usually 
a mere series of pairs of parallel tracks, merging into one or mo-re 
tracks from the main line or a classlflcation yard, with spaces hetw 
them, for teams or for platforms, as in h'ig 9, the yards being open 
and the stations usually eoverd. In stations, to save space, the 
main feeding track is often run diagonally thru the building, and 
the loading tracks are taken off as spurs in both directions, some- 
wliat as indicated in Fig 10. “Inbound freight-houses should 
have a floor space of 50 ft width If practicable ; out-bound, 25 ft.” 
Am Ry Eng Assn. 


•The Am lly Eng Assn defines a tcrmitwil as “An assemblage of 
facilities provided by a ry at a terminus or at intermediate points 
on Its line for the purpose of assembling, breaking up nnd relaying 
trains.” To avoid confusion, howex'er, we have refraind from using 
the word ^^TerminaV' (except .a.s helowl, and have used ‘^Statiotur 
A station that is mt a thru station we call a ‘'Terminus** (plural 
“Termini*’), or a “Terminal Station.” 
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85, Modern freif(ht>tanndllnK device* permit economy In 
space by making It possible to build stations two or more 
stories in height ; one story for inbound freight, another for out- 
bound, and others for storage, etc ; freight being transferd, upon 
and betw stories, by means of traveling platforms, barrel-hoists, 
belt-conveyors, elevators, and (for downward movements) straight 
or spiral shutes for non-frngile pieces, all in addition to the frel^t- 
handling devices referd to under Mechanical handling, H 83. 

The freight yard should have a traveling or other crane, for 
heavy nieces; and special apparatus (as clam-shell bucket-hoists 
for coal, gram elevators, etc) where much of one commodity is to 
be handled. 

80. For tenm delivery yard.**. Am Ry Eng Assn (Manual. 1011, 
p308) recommends stub tracks in pairs, 12 ft c to c of tracks, and, 
if practicable, not less than 30 ft c to c of pairs; tracks not more 
tlian 20 cars capacity ; ingress and egress for teams at each end 
of each teamway ; power crane, wagon scales and track scale. 

PaMNettKor Stations* 

87. General. Some of the major points to he ohservd in sta- 
tion design are* — getting passeng«TS, b:iggage and express to and 
from the trains with a minimum of delay and confusion, and. In 
termini,* getting the loco out of the way, turnd around, waterd 
and coaid, and re-coupled to the train ; also car cleaning, etc. 
Some car cleaning can be done In the station. 

88. Platforms. To expedite the handling of passengers and 
baggage, it is recommended by the “Yards and Tenninals Commit- 
tee” of the Am Ity Eng Assn. 1911 March, that, If baggage plat- 
forms cannot well be provided in addition to passenger platforms 
on the same level, the baggage be transferd to and from another 
level by means of elevators so located as to keep it off tl»e plat- 
f’Orms as much as possible. 

SO. RnmpN, or inclined passageways, as substitutes for stair- 
ways, greatly facilitate the movement of passengers In stations, 
and reduce liability to accident at rush hours. The Y & T Comm, 
Am Ry Eng Asmi. Mar 1911, recommends a grade not exceeding 
1% ; hut considerably steeper grades ate successfully used. The 
surface must be sufficiently rough to avoid danger of slipping. 

00. LnnpN of travel. Often much can be done to reduce conges- 
tion in the layout of the station and passageways, by preventing 
crossing of lines of travel of passengers, keeping such lines parallel 
as far as possible. 

01. Future requirements. Owing to the difficulty and expense 
involvd in reconstructing a large station when its traffic begins to 
excf»ed its capacity, the requirements of the future should he estl- 
maied for 20 y(*ars ahead, if possible, and provided for In the 
design of the station. 

02. linr^e v* numerous smaller stations in large cities. 
Handling, at a single station, all or most of the passenger traffic 
of a ry at a large city, necessitates, on an average, a long journey 
to reach or leav the station, and much walking In the necessarily 
large station itself, to reach or leav the trains; and the altema- 
tlv of several smaller stations thruout the city, along the line, has 
been auggestd (as by Mr. Fred A. Delano, Pres Wabash Ry), even 
at the expense of some added time for additional stops of express 
trains. 


•The Am Uy Eng Assn defines a terminal as “An assemblage of 
facilities provided by a ry at a terminus or at intermediate points 
on its line for the purpose of assembling, breaking up and relaying 
trains.” To avoid confusion, however, we have refraind from using 
the word ^‘Terminal" (except as below), and have used **StaHon” 
A station that Is not a thru station we call a **TemUnu8** (plural 
"Termini**), or a “Terminal Station.” 
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9 : 1 . rinn. Fig 11 is ii liiyoiit for a passtmgor terminal station, as 
recommended by a Comm of the Am Ry Eugg Assn, March 1911 ; 
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and Fig 12 a station of tiie thru type. In the terminiii station, two 
levels are proposed, one for passgrs nml ot 2 e for l)aggage and ex- 
press, together wltli a simple and coinprehensiv arrangement of 
ladder ti'ucks, wltii car cleaning yard adjacent. This ideal ar- 
rangement would, of course, usually have to be alterd, on account 
of local restrictions. In tlie plan for the thru station, it will be 
noted tluit the t\No main-line tracks dlMde into (? in all, affording 
two thru tracks in the middle (without deviation from their 
course), and two platform trjicks t wltli an Island )>latform betw 
tlieiii) oil each side. Ihu.s giving ample loading and unloading 
facilities, without ilelaying trains not scheduled to stop at the 
station. 



94. Study. Fig 111 shows part of a diagram recording the occu- 

f ancy of the several tracks of the Penna R R at Broad St sta, 
'hila. (Mr. B. B, Temple, Asst Chf Eugr) during a given period 
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ends down. The vert spread, allotted to each track, represents the 
length to which It may be occupied without fouling more than one 
line. Cars and locos are plotted as rectangular areas. The vert 
dimensions of tlie rectangles represent the lengths of track occu- 
pied by cars, etc ; the vert positions of the rectangles represent the 
positions of the cars, etc, on the several tracks ; and their hor 
dimensions and positions represent the periods during which the 
several tracks were so occupied. In practice, arriving and depart- 
ing trains are dlstingulsht by dilfs of ’ shading of these iTct- 
angles ; and kinds of cars and of loc<is by initials, as by “R.E.” for 
"road engine." Similar diagrams have been used by the Belgian 
State Railways and at the Camden station of the Balto & Ohio Ry 
at Baltimore. 

05. Fig 14, p 1000, represents a ^‘hack-in’' atatiBn. A train, 
bound for the sta, coming, say, from A, proceeds first to It, and 
then bucks in to the sta, as at C; thus enabling the loco tO' be 
promptly releast. 

00. Sp«ed of handling tralnn at termini depends largely upon 
the facilities provided for the rapid handling of locos, passgrs and 
baggage, and for cleaning cars, and upon the nature of the traffic 
and of the raotlv power. Comparing 20 large American passgr stas 
the Y & T Comm, Am Ry Eng Assn (Eng News 1911, Apr 6, p414), 
found that the number of trains actually handled during the busi- 
est hour, ranges from 1 to 3 5 per av track (including movements 
on all tracks), and from 2 to » on the busiest track; while esti- 
mated possibilities ranged from 2 to 12. Some of the higher fig- 
ures were those of thru stations. 

97. Electric operation of trains greatly facilitates their rapid 
movement in termini, inasmuch as the motlv power need not leave 
the sta, or change its position, for reversal of loco or train, or for 
supplies. The tracks and yard are thus left largely free for com- 
plete train movements. 

98. Rapid transit termini are frequently arranged with one or 
more loop tracks, around which the trains may he run without 
reversal of loco or motorman. This Is often practicable with 
rapid transit equipment, which can readily turn sharp curvs, and 
a very large tract of ground is therefore not necessary for the 
loop. 
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Water Stations. 


Water stationN are points along a railroad, at which the engines stop t« 
take in waier. Their dtwtanee apart vanes (like that of ttie fuel sta- 
tions, winch accompany them,) Innn abmt 6 miles, on roads doing a very large 
business; to IH or 20 miles on thus** which run but few trains. Mucli dctienas, 
however, ujion wliere water can lie had. It has at tunes to be eonductad in 
pipes for 2 or 15 miles or more. The ohjeet in having tliem near together is to 
prevent delay iroiu many engines being okdiged to use the same station. To 
prevent interruption to travel, they are frequently placed iqion a side track. 
A supply of water is kept on hand at the station, usually in large wooden tuba 
or tanks, enclosed in fiauie taiik-liouses. Tkie tank-ltonse stands near the track^ 
leaving onfy about 2 to 4 feet clca*'ance for the cars. It is l wo stories high ; the 
tank being in tlie upper one ; and having its bottom about 10 or 12 feet above the 
rails. In die lower story is usually the {>ump for pumping np the water into the 
tank , and a stove for preventing the water from freezing in winter, 

Tlie tanks are usually circular; and a few indies greater in diameter at the 
boitoiu tliaii at the top, so that the iron hoops may drtve tight. Their 
cupaeil.y generally varies from 6000 to 40000 gallons, (rarely 80000 or more,) 
depimdmg on the number of engines to lie supplu'd. A tender- tank holds 
from 3000 to 7000 gallons ; and an enffino evaporatc^H from 20 to 150 gal- 
lons per mile, depending on the class of engine; weight of train; steepness of 
grade, Ac. Perliaps 40 gallons will l»e a tolerably full average lor passenger, and 
80 for freight engines. The following; are the eonlents of tanks 
of dsfTerent inner diameters, and depths of water, U. iS. gallons of 231 cubic 
indies ; or 7.4805 gallons to a cubic loot. 


t)iam. 

Depth. 

1 Contents. 

Diam. 

Depili. 

1 Contents. 

Ft, i 

Ft. 

Gal ions. 

Cub. Ft. 

Ft. 

Ft. 

Gallons. 

Cub. Ft 

12 

8 

f)7(»7 

905 

24 

12 

401)07 

5429 

14 

9 

10363 

1385 

26 

18 

51628 

6902 

16 

9 

13.‘):« 

1810 

28 

14 

C4481 

8621 

18 

10 

I'JOW 

254.5 

30 

15 

79310 

10603 

20 

10 

23499 

3142 

32 

16 

96253 

12868 

22 

11 

31277 

4181 

34 

17 

11.5451 

15435 


CypreHH or any of the pines answer very well for tanks, The stavec 
may be about ' 1 % inches thick for the wnaller ones ; to 4 or 6 inches for the 
lai'gesi. Toe bottoms may be the same. The staves should be planed bv ma- 
duneiy to suit the curve preebdy, Notlilngis then needid between ihes'iaves 
to priHiuee tigiuiiess. A single wooden dowel is inserted between each two near 
the top, meiely to liold tliem in place while being put together. The bottom is 
dowelled together ; and simply inserted into a groove very accurately cut, about 
an liidi deeji, aiound tlie inner circumference of the tub, at a few inches above 
the bottoms ot the staves. 

One of 2(1 feet diameter, and 12 feet deep, may have 9 hoops of good Iron ; placed 
several im hes nearer together at the bottom of the tank than at*the top Their 
width 3 Indies; the thickness of the lower two,'/ inch ; thence gradually dimin- 
ishing until the top one ts hut half as thick. The lower two are driven dose 
together. These dimensions will allow for the rivet-holes for riveting together 
the overlapping ends; and fur a moderate strain In driving the hoops firmly 
into place. Three rivets of ^ inch diameter, and 3 inches apart, in line, are 
sufficient lor a joint of a lower hoop. One of 84 feet diameter, 17 deep, may 
have 12 hoops; the lower ones 4 inenes by with three ^-inch rivets to a 
lower hoiqi-joiiit. 

The bottom planks of the tank must bear firmly upon ih^dr supporting joists, 
or bearers. 

A tank must have an in1et-ptp«by which the water may enter It ; a WfUit«- 
pipe for preventing overflow; and a diHcharipe or feed-pipe 7 or 8 
inches diameter, in or near tiie bottom; tlirough which the water flows out to 
the tender. The inner end of the discharge-pipe is covered by a valve, to ^ 
speiUHi at will by the engine man, by means of an outside corci and lever. To 
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The patent frost*proof tank of John Barnham, Batavia, 

Winota, is simply an ordinary tank, in which the water is prevented from 
freezing by means, Isi, of a circular roof which protects a ceiling of joists, be* 
tween which is a layer of mortar; 2d, by an air-space obtained hjr a similar ceil- 
ing beneath the timbers on which the tank rests. Although the sides are en- 
tirely unprotected, no house is necessary; but merely strong fiosis and beamr 
on a stone foundation, for the support ol the tank.* The supply pipes are in 
boxes made of isiards and tar-pa{>er. 

TankH are freqiienUy made reetangrnlar, with vertical sides of 
posts lined witli plank, and braced acros.-. in both directions by iron rods. They 
are more apt to Vak than circular ones. They have beeu made of iron ; but 
wood seems to be prelerred. 

Tbe water for Miipplylna fhe tankN, may be pumped by hand, .steanL 
horse, wind, hydraulic lam, or otherwise, from a running stream ; from a {lona 
made by damming tlie stream if very small or irregular; from a cistern below 
the tank; or from a common well. Many roads doing a business of 10 or 12 
engines daily in each direction, dimend entirely upon wells; and pump by hand; 
generally two men to a pump. Those doing a very large busint'ss, woeu the 
supply cannot be obtained by gravity, mostly use steam. Tliv windmill is 
the most.eeonoiuicul |)ower; and when well made, is very little liable to get out 
of order.* Of course it will not work during a calm ; but this oiijectiuu may be 
obviated in most cases by having the tanks large enough to hold a supply for 
several days. Steam, however, is most reliable. 

The follow lii|r tublc will give some idea of the power required in 
a steam enaine for the piimpina. In ordering an engine, si>ecify not 
Its number of norse-powers, but the nuralier of gallons it must raise in a given 
number of hours, to a given height ; with a given steam pre.s8ure fsay about 60 
to 80 fbs per square inch.) The pump should be sufficiently powerful not to have 
to work at nlgltf ; and should be capable of performing at least 25 per cent, more 
than its required duly. 

A fkir average borae ahonld pump In 8 hoiira the quantities 

contained in the first 3 coluinns; to the height in the 4th roiuinn ; or sufficient 
to supi^ the number of locomotives in the 5th column, with about 2000 gallons 
each. Two men should do about one-tliird as much. 


Cub. Ft. 

Lb«. 

GsU. 

HUFU 

No. of 
Loooa. 

Cub. Ft. 

Lbt. 

Gal*. 

Hu Ft. 

No. of 
Loooo. 

1600 

lOOOQO 

11968 

100 

« 1 

4571 

285714 

84194 

35 

17 

2000 

1250<K) 

14960 

80 


6333 

333383 

39893 

:40 

20 

2667 

166666 

19946 

60 

10 

6400 I 

400000 

47872 

25 

24 

8200 

200000 

2:4936 

50 

12 

8000 1 

500000 

59840 

20 

80 

a'>55 

222222 

26596 

45 

VH 

10667 

666667 

79787 

15 

40 

4000 

‘IWio 

29920 

40 

15 

16000 

1000000 

119680 

10 

60 


A rearrvolr. with a «tand-pipe, or water column, is preferable 
to the ordinary tank, when the locality admits of it ; being less liabb* than thi 
pump Ui get out of order; and being cheaper lu the end. The reservoir is sup 
posed to be filled by water flowing into It b y gravity ; and to have its bottom m 

•Tbecost of windmill alone, for railway stations, vanes from about 5450 lor 
13 feet diameter , to S1500 for 36 foct diameter, at factory. 
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le»8t about 8 feet above the rails; or at any greater height whatever that the 
^und and the height of the water may require. It may be excavated In the 
mund; lined with brick or masonry in cement; with a bottom of concrete; 
IF It may be built above ground, according to the locality. It may be roofH 
ind covered in, or not; and it may be near the tracks, or at a considerable di8« 
tance from them, according to circumstances. From Its bottom, an iron pipe 
from 8 to 12 inches diameter, is carried (generally underground,) to wlililn a ftjw 
eet of the track. At that point it turns vertically upward to about 8 or 10 feet 
ibove the track, forming a Ntnnd-plpe« or water-column; from the 
ipper end of which the water flows (trough either a hose or a jointed nozxle,) 
IS in the ease of a tank. Several such pipes, or one larger one, may i»e laid, for 
he supply ol two or more engines at once, through as many stand-pipes. Where 
he pipe makes its iiend.and becomes vertical, is a valve for opening and closing 
t ; and which may be worked by a liand-wheel placed at such a height as to be 
lasily reached by the engine man. 


On some ot the more important lines, the f enders of flElfit trains fICOOp 
ip water, while rniiiiinic, from a long tronffh, or track tank^ 

Lid between tiie rails. The tanks are about V4 niile long. They iiinst of course l>e 
■vel, and they therefore require a level tiai k. 

As originally introduced in England, by Rainsbuttom, tbo trough was of cast- 
on, 111 lengths of aixait fi ft. These were bolted together by moans of flanges al 
leir ends. The ends weie not m contact with each other, but were separated by 
'I'.npol vulcanized niblier. 



Our figure shows a track tank of ^ inch rolled plate-iron, the sheets of which 
ic62 Ills long. The lengths overlap each other 2 ins; leaviiigS ft as their lAowtny 
jogth. Tlie .slicets are cut slightly tapeiing, so that at one end of each length 
lie trougli IS in deeper than at the other, and the tops are thus kept flush with 
ach other tliroiighout. The joints are double riveted with % inch rivets, about 
ins from center to center, and staggered. At each end of tlie trough, the 
ottom slopes upward, and in a length of G ft, comes to the level of the tops of 
tie sides. The cro8.s-tIe8 are notched, as shown, to receive the trough, which is 
losely held to them l)y two spikes, H and S, in each tie. The heads of spikes 
( over tile borlzoiital flanges of the 1% X 1% ^"ch angle liars, A and A. M and 
[ arc mouldings of \'% x inch bar-inm. The angles and the mouldings are 
1 lengths of i,*) ft, and are riveted to the sides of the trough coutiuuously 
arougbout its length. 

The scoop on the tende • is lowered into the trough, ond rHllM^ from it, 
y means of a lever on the fireman's platform, and is nut permitted to touch tha 
Qttom of the trough. 

The trougli is Nupplied wkh water by means of pipes leuding from an ad- 
icent tank. The supply is regulated by a man in charge. 

To prevent the water from frceslng in winter, steam is led to the trough 
'om the boiler of tlie pumping engine, through iron pipes laid under ground along 
de of the track. These pipes are provided with branches which introduce the 
;eam to the trough at every 40 ft of its leiigtli. The steam-pipes are protected by 
ooden lioxes, and are furnished with valves for regulating the supply of steam. 
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RAILROADS. 


EARTHWORK. 

To prepare a Table, T, of Level CattiiitTHy for every A of ■ 
foot of heitclit, or depth. 




Let the flg represent the cutting ; or If Inverted. 

^ the tilling, in nlileli thi liou/ontal hues are sup 

X posed to be fixit apart Kirsl calculate th» 
area in square feet, of the laver ithro. adjoining 
no the roadwava b. Then find how many cubic 

yards that area gives in a distance of KK) feet. 
These cubic ^ards we will o.ill Y , thet form the 
first amount to he put into the Table T 
feet of the triangle u n o Multipiv this wen by 4 Find how 
a rives in a distance of 100 feet Or ther will he found ready 
I call them y. This is all the preparation that is needed before 


Next calculate the area in aqiiare feet of the trlangleu no Miiiiipiy inis wea m . r.u,. 

mauv cubic )urds this increased area rives in a distance of 100 feet Or ther will 
calculated bi-low. We will call them y. This la all the preparation that is needed before 

oonimeuoing the table 

EXHUI.-Let the roiidlie.1 a Ms* 1 K feel, and the aide alopca 1 « to 1 Then for the area of o h c o • 
since the side slopes are I >,4 to I , and a ns 1 foot, c o must he 1ft » feet and the m***" 
a *1 e o luuHt be IH 15 feet, (’oiiseqiientlv, the area Is IH l.» X 1- 1 M15 square feet, which, ini 

dlatanoe of lOOfeel, gives 1K1.5 cubic feel, which is equal to — 6 7222 cubic yards , or Y. 

Next, aa to tlie triangle ano Ita height a n being .1 foot, and its base no .15 feet; Ita area 
= ■* 007.5 aquare ft. This multiplied by 4. gives Oil aquare feet . which, in a distance of 

100 feet, gives 0.H X 100 - .7 cubic feet: which is equal to — 1111 cubic yard , or y 

Having thus found Y and ». proceed l.i make out the table in the 
pi.in as to require no eiplunatinn The work should he tested about eiery a feet, by calculating the 
area of the full depth arrived at ; roulllply It by 100, and divide the product by 27 for the cubic yards 
The cubic yards thus fouud should agree with the table 


... 0 7*222 . .. 
.. .1111 

„ Y. 67*22 

.1 

6.8:5;«l 

.ml 

6.8.133 


6.9444 

1111 

13 6555 
09444 

.2 

7.0565 

211 .5000 

7 0555 

.3 

7.1666 

27 5555 
7.1660 

.4 



34.722*2 

.6 

7.2777 

7. *2777 



4*2.0000 

.6 


Tabip T j 

Height 

Fi't't 

Cub. Yds. 

.1 . 

6.72 Y. 

,2 

13.6 

.3 

20 5 

.4 

27.6 

.5 .. . 

34.7 

.6 

42.0 

ii 

B. 


The following table contains y. rrady calculated for ilifTeriMit side-ftlDpcu. It plainlj 
mnaiuB the satne for all widths cK ro.«dl>ed. 


SldO'Blope. 

y 

>4 to ^ 


to 1 

aiTo 

% to 1 

0.5.56 

1 to 1 

0741 

IW to 1 

0926 

iS to 1 

im 


Side-slope. 

y 

13^ til 1 

1296 

‘2'“ to 1 

1482 

•6<tol - 

I6t57 

to t 

1852 

3 to 1 

2222 

4 to 1 . 

2968 
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Table 1. l^evel Cattinirfi.* 

Roadway 14 fwl wide, RideHiIopeti to 1. 


For single-track embankment. 


Height 
in Ft 

.0 

.1 

.2 

.3 

4 


.6 

.7 

.8 

.9 


Ou.Vds. 

Ou.Yd*. 

Cu Yds 

Cu.Yds 

Cu Yds 

Cu 5'ds 

Cu Yd« ,Cu Yds 

Cu Vdn 

Cu Ydifc 

0 


6 24 

10 6 

16 1 

21 G 

27 3 

:i:!i 

;mo 

4.5 0 

51.2 

1 

57 4 

03 8 

70.-2 

7(>8 

8:i.5 

90 :i 

97.2 

104.2 

111. .3 

118.6 

2 

125 9 

133 4 

141 0 

118 6 

1.56 4 

164.4 

17-2 4 

ISO .5 

188 7 

197J 

3 

205 ft 

214 1 

2^22.8 

2:11 6 

240.6 

249..5 

•2.58 7 

‘267 .<♦ 

• 277:1 

286,7 

4 

296.3 

306 0 

315.8 

325 7 

335.7 

84.5 8 

35().l 

366 4 

376 9 

387.5 

5 

3981 

408 9 

419.9 

430.9 

4420 

45 ! 2 

464.6 

476 1 

487.6 

4993 

6 

511.1 

523 0 

515 0 

647 .'2 

559 4 

57] 8 

584 2 

59hS 

609.5 

62-2.3 

7 

6:15 2 

618 2 

661 3 

674.6 

687 9 

701 4 

714.9 

728 6 

742 4 

766.8 

8 

77(1 .3 

784 5 

798 7 

813 1 

8-27.5 

842 1 

8.')() 8 

871 6 

886 5 

90U 

9 

916.7 

911.9 

947 3 

9627 

978 3 

994 0 

1010 

10-26 

1042 

1058 

10 

1074 

1090 

1107 

11-23 

1140 

11,57 

1174 

1191 

1-298 

122fi 

11 

1243 

1260 

1‘278 

1-29.5 

1313 

11:11 

1.349 

i:{67 

1385 

1404 

12 

1422 

1411 

1459 

1478 

1497 

1516 

15 : 1.5 

1.554 

1.574 

1593 

13 

1013 

1033 

16.52 

1672 

1692 

1712 

173:i 

17.5,3 

1773 

1794 

14 

1815 

18:i5 

18.56 

1877 

1898 

1920 

1941 

19* .2 

1984 

2006 

If) 

2028 

•2050 

•2(»72 

2094 

21 1'j 

2i:i8 

2161 

-218:1 

•2206 

‘2229 

16 

2252 

•2275 

2298 

2:121 

2:144 

2:168 

•i:i9i 

241.5 

•24.19 

-2463 

17 

2487 

•2511 

2 . 5:15 

25.59 

2.584 

•2608 

26:i;i 

‘26.58 

26s:i 

•2708 

18 

27:« 

2759 

•2784 

2809 

28:i5 

28bl 

2886 

•2912 

29.38 

■2964 

19 

2991 

:ioi7 

3044 

3070 

3097 

3124 

3151 

3178 

3205 

3-232 

20 

3259 

3287 

:i.314 

:i:u2 

:i:t7o 

3.398 

34*26 

3154 

.3482 

3510 

21 

3539 

3567 

3.5*6 

3625 

:i*>.54 

•168:1 

3712 

:i74i 

:1771 

3800 

22 

3830 

3859 

3889 

3919 

:i949 

3979 

4009 

4040 

4070 

4101 

2;i 

4132 

4162 

4193 

4224 

4255 

4287 

4318 

4319 

4.181 

4413 

24 

4144 

4176 

4508 

4541 

4573 

4605 

46:is 

4670 

4703 

4736 

25 

4709 

4802 

4835 

4868 

4901 

49-15 

4968 

.5002 

.5(*:t6 

5070 

26 

5104 

.51:18 

5172 

5206 

.5-241 

5275 

.5310 

. 5 : 14.5 

5180 

.5415 

27 

5450 

5185 

6.521 

5556 

5592 

.5627 

566:1 

5699 

. 57.35 

5771 

28 

5807 

5814 

5880 

.5917 

5>*51 

59 *0 

60-27 

6)64 

61()l 

6139 

29 

01 70 

6213 

6-2.51 

6289 

6.3-26 

6.364 

6402 

6440 

6479 

6617 

30 

()556 

0591 

6613 

6672 

67U 

67.V) 

6789 

6828 

6867 

6901 

81 

! 0‘(16 

0(86 

7026 

7t*66 

7106 

7146 

7186 

72-26 

7267 

7307 

3*; 

i 7.US 

7389 

7430 I 

7471 

7512 

7.5.53 

7.595 

7tV16 

7678 

7719 

33 

i 7701 

7803 

78 45 1 

; 7887 

7929 

7972 

3014 

80.57 

8099 

8142 

34 

' Hisr> 

8 22 s 

8-271 

1 8315 

8158 

8401 

! 8145 

8489 

8 . 5:12 

8.576 

35 

8020 

8061 

8709 

8753 

8798 1 

884-2 1 

1 8887 

89.32 

8976 

90-2-2 

36 

9007 

9112 

9157 

; 9203 

9248 

9-294 

9:i40 

1 9:J86 1 

94.32 

9478 

87 

9524 

9570 

9617 

1 9663 

9710 ! 

97.57 ' 

9804 

; 98.51 

9898 

9946 

38 

999 1 

10010 

10088 

!l01 15 

10183 

10-231 

10-279 

;U 1.3-27 1 

io:i75 

10424 

39 

10472 

10521 

10569 

10618 

10667 

10716 ; 

,10765 

1(*R15 1 

10864 

10918 

40 

1109^2$ 

1 11013 

11062 

11112 

11162 

11212 1 

11-263 

ii:ii;t ' 

ii:i64 

11414 

41 

11405 1 

111516 

11567 

'11618 

11869 

11720 

11771 

11S23 

11874 

11926 

42 

11978 

12029 

12081 

12134 

12188 

12238 

1-2-291 

r2’143 

l‘2:i96 

1-2449 

43 

12502 

1 •2.5.55 

12608 

12661 

12715 

12768 

1-2822 

12875 

129-29 

1-2983 

44 

13037 

13091 i 

1:1145 

13200 

13-254 

1.3309 i 

13:183 

1 13418 

i.347:> 

13.528 

45 

13583 

1 : 16:19 

13694 

13749 

13805 

11861 1 

13916 

! 1.3972 

140-28 

14084 

46 

11141 

14197 

' 14-254 

14:110 

14367 

14424 i 

144-10 

,14537 

14595 . 

14652 

47 

14709 

14767 

1148-24 

,14882 

14940 

14998 ! 

15056 

1 1.5114 

15172 

15230 

48 

15289 

15347 

,15406 

■ 1.5465 

1.5524 

15.83 

15642 

1.5701 

1.5761 

il68*2C 

49 

15880 

15939 

1 15999 

',16059 

16119 

16179 

162:i9 

16100 

16360 

16421 

50 

16181 

10542 

16603 

16664 

167*25 

16787 

16848 

16909 

10971 i 

17033 

61 

170 H 

17166 

17218 

; 17280 

17313 

17405 

17467 

17530 

17.593 

17656 

62 

17719 

17782 

17845 

'17908 

117971 

180.35 

18098 

18162 

182-28 i 

18-290 

63 

18364 

18418 

18482 

118546 

1 18611 

18675 

18740 

18806 

IS-'IC 

18985 

64 

19000 

19065 

19131 

119196 

19-262 

193-27 

19393 

19460 

19525 

19591 

66 

i 19657 

19724 

19790 

119887 

19921 

19990 

2(KI67 

20124 

20191 

20250 

66 

20:120 

•20393 

•20461 

|:a>529 

120596 

20664 

20732 

20800 

20809 

-209S7 

67 

21005 

21074 

•21143 

21212 l-il-iSO 

21349 

21419 

21488 

216.57 

21627 

68 

21696 

■21766 

21836 

21906 

121970 

•2-2046 

‘22116 

22186 

‘22*2.57 

22327 

69 

22398 

2^2469 

•22540 

22611 

1 2-2682 

‘22753 

-22825 

22896 

22968 

2:1039 

60 

23111 

23183 

23*255 

123327 

123399 

‘it472 

23544 

23617 

‘23689 

23762 


it Fruiu tue Auiri«,i UeH«ureni?nt Bud Co»t of Kartbwork." 
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RAILKOAD8. 


Table 3. l<eirel CitiUnipi. 

Roudway 24 feet wide, side-slopes to 1. 
For doable-traok embankment. 


HelKht 
it Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

G 

.7 

8 

.9 


Ou Yds, 

Cu.Ydi. 

Cu.Yai 

Cu.Ydit. 

Cu.Yda iCtt.Ydii. 

Cu.YdH. 

Cu.Yds. 

Cu.Yd*. 

Cu.Tdg, 

0 


8.94 

18.0 

27.2 

.36.4 

45.8 

6.5.3 

64.9 

74 7 

84.6 

1 

944 

104 6 

114.7 

124.9 

1:153 

145.8 

156.4 

1H7.2 

178 0 

188.9 

2 

■^00 0 

211.2 

222.4 

2:1.3.^ 

245.3 

256.9 

26S.6 

280.6 

292.4 

3044 

3 

316.6 

.328.9 

341.2 

a5;i.7 

.366..3 

379.0 

391.9 

4048 

417.8 

431.0 

4 

444 4 

467 8 

471.3 

4H4.9 

498 6 

612.4 

526.4 

5404 

5.54 6 

568.8 

6 

f.H3.3 

597.8 

612.4 

627.1 

6420 

656 9 

671.9 

687.1 

702.3 

717.7 

« 

7;i;$.3 

748.9 

764.7 

780..5 

796.4 

812 5 

828.7 

844.9 

881 .3 

877.8 

7 

894.4 

911.2 

928.0 

9449 

962 0 

979.2 

996 4 

lOU 

1031 

1049 

8 

1067 

1085 

1102 

1121 

1139 

1W7 

1175 

1194 

1212 

12.31 

9 

1260 

1269 

1288 

1307 

1326 

1346 

1.36.5 

1385 

1405 

14*26 

10 

1444 

1465 

1486 

1.50.5 

1526 

1546 

1.566 

1587 

1608 

1629 

11 

1650 

1671 

1892 

1714 

1736 

1767 

1779 

1800 

18*22 

1846 

12 

1867 

1889 

1911 

19.34 

19.56 

1979 

200*2 

2025 

2048 

2071 

13 

2094 

2118 

2141 

216.5 

2189 

2213 

22:16 

2*261 

2*286 

2309 

14 

23.33 

2368 

2:182 

2407 

2432 

2467 

2482 

2.507 

25.32 

2558 

15 

2683 

2(i09 

26.36 

2661 

2686 

2713 

27.39 

2766 

2791 

2618 

16 

2844 

2871 

2898 

292.5 

2952 

2979 

3006 

30:14 

.3061 

.308(< 

17 

.3117 

314,5 

3172 

3201 

3229 

3*267 

3286 

3;il4 

3342 

3371 

18 

3400 

.3429 

3458 

3487 

.3516 

3546 

3675 

3605 

36.35 

366.5 

16 

3ti94 

3726 

.3766 

.378.5 

.3815 

3846 

.3876 

.3907 

3938 

:1969 

20 

4000 

40.11 

4062 

40«<4 

4125 

41.57 

4189 

4221 

4*252 

4*285 

21 

4317 

4.349 

4.381 

4414 

4446 

4479 

4512 

4545 

4.578 

4611 

22 

4644 

4678 

4711 

474.5 

4779 

4813 

4846 

4881 

4915 

4949 

2:1 

4983 

5018 

5052 

5087 

5122 

6157 

6192 

6227 

5*26*2 

5298 

24 

,53.33 

f»369 

540f‘ 

6441 

6476 

5513 

6.549 

5585 

66*21 

5658 

25 

6694 

6731 

5768 

58a5 

5842 

6879 

5916 

59.54 

6991 

60*29 

26 

0067 

6106 

6142 

6)81 

6219 

6*257 

629.5 

6:iw 

637*2 

6411 

27 

6460 

6489 

6528 

6667 

6606 

6646 

6(iR5 

672.5 

6765 

6805 

28 

6844 

6885 

6926 

6966 

7005 

7046 

7086 

7127 

7168 

7*209 

29 1 

7260 

7291 

7332 

7374 

7416 

7457 

7499 1 

7.541 

7582 

7626 

30 1 

7667 

7709 

7751 

7794 

7836 

7879 

7922 1 

7965 

8008 

8051 

31 

8094 

8138 

8181 

8225 

8269 

8313 

8.366 < 

8401 

1 8445 

8489 

32 

8633 

8678 

8622 

8667 

8712 

8767 

8802 ! 

8847 

8892 

8938 

33 

8983 

9029 

9075 

9121 

9166 

9212 

9259 

9;i0.5 

9.351 

9.398 

34 1 

9444 

9491 1 

95,38 i 

9586 

9632 

9679 

9726 

9774 

9821 

9869 

36 ! 

9917 

9966 

l(K)i2 

10061 

10109 

10157 

10205 

10*254 

10:102 

io;i.5i 

36 

10400 

10449 

10498 

10.54r 

10596 

10646 

10695 

10745 

10796 

il0845 

37 

10894 

10945 

10996 

11046 

11096 

11146 

11196 

11247 

11298 

11349 

38 

11400 , 

11461 

11602 

11654 

11606 

11667 

11709 

111761 

11812 

I1I866 

38 

11917 

11969 

12021 1 

12074 1 

12126 j 

1*2179 

1*2*23*2 

12285 

123:18 

12.391 

40 

12444 

12198 

12.5.51 1 

12005 

12669 

127l:i 

12766 

12821 

12876 

129*29 

41 

12983 

1.3038 

13092 1 

13147 

13202 

13*2.57 

13312 

13367 

134*22 

1347F 

42 

136.33 

13589 

13645 

13701 

13766 

13813 

13869 

13925 

18981 

14039 

43 

14094 

14161 

14208 ' 

14265 ' 

14822 

14379 ’ 

14436 

14494 

14551 

nm 

44 

14667 

14726 

14782 

14840 

14899 

14957 

15015 

15074 

1613*2 

15191 


15250 

15.309 

15368 

16427 

15486 

15546 

15605 

15665 

16726 

15785 

46 

15844 i 

15905 

15965 

16025 

16085 

16146 

16206 

16267 

163*28 

16389 

47 

16450 

16511 

16672 

16684 

18096 

16767 

16819 

16881 

16942 ! 

17005 

48 

17067 ! 

17129 

17191 

17254 

17316 

17379 

17442 

17605 

17668 

17631 

48 

17694 

17768 

17821 

17885 

17949 

18013 

18076 

18141 

18*205 

18269 

60 

18333 

18398 

18462 i 

18527 

18592 

18657 

18722 

18787 

18852 j 

18918 

61 

18983 

19049 

19115 

19181 

19246 

19313 

19379 

19445 

19511 * 

19578 

62 

19644 

19711 

19778 

19845 

19912 

19979 

20046 

20114 

20181 

20249 

68 

29317 

20385 

20452 

20621 

20589 

*20657 

20725 

20794 

20862 

20931 

64 

21000 

21069 

21138 

2120T 

21276 

21346 

21415 

21485 

21565 

21625 

66 

21694 

21765 

21835 

21906 

21976 

22046 

22116 

22187 

22268 

22S29 

66 

22400 

22471 

22542 

22614 

2*2685 

2*2757 

228*29 

22901 

22972 

23046 

67 

23117 

23189 

23261 

23334 

28406 

2S4T0 

28552 

23625 

23698 

23771 

68 

23844 

23918 

23991 

24066 

24189 

*24218 

24286 

•24361 

24486 

24500 

60 

2458S 

24658 

24732 

24807 

24882 

34057 

25082 

•26107 

25182 

25258 

60 

25888 

26409 

25485 

25561 

25636 

25713 

25789 

25865 

25941 

90018 


Far MotiBauiw it 180 Cmu ns Tam 7. 
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Table 3. I^evel €iittin|ts« 

Roaclw»y 18 feet wide, side-elopes 1 to 1. 


For single-track excavation. 


Depth 
ID Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 


Cu.Ydi. 

Cu.YdH. 

Cu.YdB 

Ctt.Yde. 

Cu.Yde ,Cu Yds. 

Cu.Yds 

Cu.Yds 

Cu.Yds 

Gu.Ydn 

0 


6 70 

13 5 

20 3 

27 .:i 

34 3 

41. ;5 

48 i) 

. 5.5 7 

63 0 

1 

70 4 

77.8 

85 3 

929 

100 6 

108 3 

1161 

1-24.0 

1:120 

140.0 

2 

148 1 

166.3 

164.6 

172 9 

1813 

189 8 

19S.4 

207 0 

215 7 

224.5 

3 

233 3 

242 3 

251.3 

260 :i 

‘2695 

278.7 

288 0 

297 4 

306.8 

316.3 

4 

325 9 

3 15 6 

345.3 

355.1 

365 0 

375.0 

385.0 

395.1 

405.3 

415 6 

5 

425 9 

4.36.3 

446 8 

457.4 

468.0 

478.7 

489 5 

500.3 

511.3 

522 3 

6 

533.3 

544.5 

655.7 

667.0 

678.4 

689 8 

601.3 

612.9 

624 6 

6:i6.3 

7 

6481 

6600 

0720 

684 0 

696.1 

708.3 

720 6 

732.0 

745.3 

7 . 57.8 

8 

770.4 

783 0 

795 7 

808.5 

821.3 

834 .:i 

847 

8(-)0 3 

873.6 

880.7 

9 

900.0 

913.4 

926 8 

940 3 

953 9 

9(.7.6 

98 1.3 

905 1 

1009 

1023 

10 

1037 

1051 

1065 

1080 

1094 

1108 

1123 

li:$7 

1152 

1107 

11 

1181 

1198 

1211 

1226 

1241 

1256 

1-272 

1-287 

l:i02 

1318 

12 

133:4 

1.349 

i:i65 

1.380 

1396 

1412 

14-28 

1444 

1460 

1476 

13 

1493 

1.509 

1525 

1542 

1.558 

1575 

1592 

lOOS 

1625 

1642 

U 

1659 

1676 

1693 

1711 

1728 

1745 

1763 

1780 

1798 

1816 

15 

1833 

1851 

1869 

1887 

1905 

192:1 

1941 

1060 

1978 

1996 

16 

2015 

20.33 

2052 

2071 

2089 

2108 

21-27 

2146 

2165 

2184 

17 

2204 

2223 

2242 

2262 

2281 

2301 

2.121 

2.-140 

2360 

2:i80 

18 

2400 

2420 

2«0 

2460 

2481 

2501 

2521 

2.542 

2562 

2.583 

19 

2604 

2624 

2645 

2666 

2687 

2708 

2729 

2751 

277-2 

2793 

20 

2815 

2836 

2858 

2880 

2901 

29 >3 

2946 

2967 

29S9 

3011 

21 

3(1 53 

:4O50 

.3078 

.3100 

3123 

3115 

3168 

3191 

:i213 

3-236 

22 

3259 

.3282 

3:i05 

3328 

3352 

3.176 

3398 

3422 

3445 

3469 

23 

:1493 

3516 

3540 

3564 

8588 

.3612 

3636 

3600 

3685 

3709 

24 

37,33 

3758 

3782 

3807 

3832 

38.56 

3881 

3906 

3931 

3956 

25 

:49S1 

4007 

4032 

4057 

4083 

4108 

4134 

4160 

4185 

4211 

26 

4'2:57 

4263 

4289 

4:115 

4341 

4:168 

4:194 

4420 

4447 

4473 

27 

4.')00 

4.527 

4553 

4.580 

4607 

4634 

4661 

4688 

4716 

474.3 

28 

477X) 

4798 

4825 

4853 

4881 

4908 

4936 

4964 

4992 

6020 

29 

.5(148 

5076 

5105 

5i:)3 

5161 

.5190 

6218 

6247 

6276 

.5:104 

30 

5.133 

5362 

6391 

5420 

5449 

5479 

5508 

.5537 

6567 

6596 

31 

5626 

5656 

5685 

5715 

5745 

5775 

5.805 

58:15 

6865 

,5890 

32 

, .VC26 

.5956 

5987 

6017 

(.048 

6(179 

6109 

CUO 

6171 

6202 

33 

••2.13 

6264 

6296 

6.327 

63.58 

6300 

6121 

6463 

6485 

6516 

34 

! ••548 

6680 I 

6612 

0644 

6676 

6708 

6741 

6773 

6^05 

6838 

35 

1 tiS70 

6903 

6936 

6968 

7001 

70.34 

7067 

7100 

7133 

7107 

36 

i 7200 

7233 1 

7267 

7300 

7334 

7368 

7401 

74:15 

7469 

7603 

37 

1 7>37 

7571 

7605 

7640 

7674 

7708 

1 7743 

7777 

7812 

7847 

38 

1 7881 

7918 

7951 

7986 

8021 

8056 

8092 

8127 

8162 

8198 

39 

82.'i3 

8209 

8.305 

8340 

8.376 

8412 

8448 

8484 

85-20 

8656 

40 

8593 

8629 

8665 

8702 

8738 

8775 

' 8812 

8848 

8886 I 

8922 

41 

8959 

8996 1 

90.'i3 

9071 

9108 

1 9146 

9183 j 

0220 

9258 

9290 

42 I 

93.13 

9.171 

9409 

9447 

9485 

9523 

9561 

9600 

9638 

9676 

43 ' 

9715 

9753 

1 9792 

9831 

9860 

9908 

9947 

99H6 

10025 

10064 

44 

|l0104 

10143 

10182 ' 

10222 

10261 

lO'dOl 

10341 ' 

110380 1 

104-20 1 

10460 

45 

10500 

10540 

110580 

1 06-20 

10661 

10701 

10741 

10782 

10822 

10868 

40 

10904 

10944 

1098.5 

11026 

11067 

11108 

11149 

11191 

11232 

11278 

47 

11315 

11356 

*11198 

11440 

11481 

11523 

11565 

11607 

11649 ‘ 

11691 

48 

11733 

11776 

11818 

11800 

11903 

11946 

11988 

12031 

12073 

12116 

49 

12159 

12203 

12245 

12288 

123.32 

12375 

12418 

12402 

1-2.505 

1-2549 

50 

12.593 

12636 

12680 

1-2724 

12768 

12812 

12856 

12900 

1-2945 

12989 

51 

1303:4 

13078 

13122 

13167 

13212 

13266 

1.3301 

13346 

1.3391 

13436 

52 

1.3481 

13527 

1.3572 

13617 

13663 

13708 

13754 

13S00 

i:J846 

13891 

53 

1139:47 

1.3983 

14029 

14075 

14121 

14168 

14214 

14260 

14.307 

14358 

54 

14400 

14447 

114493 

14.540 

14587 

14634 

14681 

14728 

14776 

14828 

55 

14870 

14918 

14965 

15013 

15061 

1.5108 

16166 

15204 ' 

15252 

1.5300 

56 

15348 

15396 

1 15445 

1.5493 

15541 

15590 

1.56.38 

15687 

15736 

16784 

57 

15833 

15882 

116931 

15980 

16029 

16079 ; 

10128 

17177 

16227 

16276 

58 

16326 

16376 

116426 

16475 

116525 

16.575 

16625 

16676 

16725 

16776 

59 

16826 

16876 

116927 

16977 

17028 

17079 

17129 

17180. 

17231 

17283 

eo 

17333 1 

17384 

117486 

17487 

!17.5:18 

:i7590 

17641 

17693 

17746 

17706 
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Depth 
to Kt. 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


Table 4. Ijevel Cattinfpiu 

Roadway 18 feet, aide-elopeH to 1. 


For Bingle-traok excavation. 


.0 

.1 

.2 

.3 1 

.4 1 

.6 

.6 

.7 

8 1 

.9 

Cu.Ydfl. 

Cu.Vds. 

Cu.Yds 

Uu Yd« 

Uu.Yd* 

Cu.Yd* 

Cu.YdK 

Cu Yds 

Du Yds. 

Cu.Tda 


6.72 

13.6 

•20 5 

27 6: 

.34.7 

42.0 

49.4 

56.9 

64.5 

72.2 

80 1 

88.0 

96.1 

104 2: 

11*2.5 

1*J0.9 

1*29.4 

i:38() 

1467 

155.5! 

164 5 

173 6 

182.7 

191 9 

201.3 

210 8 

2*20.4 

230.1 

240.0 

249 9 

260 0 

2701 

280.4 

290 N 

301.3 

311.9 

3*22.6 

:i33 4 

344 5 

355 5 

366.7 

37S.0 

3>.9.4 

400.9 

41*2 5 

424 2 

4:56 0 

448 0 

460 0 

472.2 

484.5 

406.9 

(i09.4 

6-22 0 

5:547 

647.6 

566 5 

573.6 

586 7 

600 0 

613.4 

626.9 

640.5 

654.2 

6681 

68*2 0 

696.1 

710.2 

724 5 

738.9 

75:3 4 

768 0 

782 7 

797 6 

81*2,5 

827.6 

S4‘2.7 

858.0 

873.4 

888 9 

904.5 

9*20 2 

936.1 

•1.52 0 

96S.1 

984 2 

1001 

1017 

10;33 

1050 

1067 

1084 

1101 

1118 

11:55 

1152 

1169 

1187 

1206 

1222 

1240 

1*258 

1276 

1*294 

1:51.3 

1.331 

1:349 

i:368 

1.387 

1406 

1425 

1444 

1463 

1482 

1501 

16*21 

lf)41 

1.560 

1580 

1600 

1620 

ir)4() 

1661 

1681 

1701 

1722 

1743 

1764 

1785 

1806 

1827 

1848 

1869 

1891 

1913 

19:54 

1956 

1978 

2000 

2042 

2046 

2067 

20.'<9 

2112 

2135 

2168 

2181 

2*204 

2227 

2250 

2273 

2:97 

mi 

2344 

2.568 

2392 

2410 

2440 

•2465 

2489 

2513 

2638 

2563 

2588 

2613 

2638 

2f>63 

2688 

2713 

2739 

2765 

2790 

2816 

2842 

2868 

2894 

2921 

2947 

2973 

3(K)0 

30*27 

3054 

3081 

3108 

31 ,'55 

.3162 

3189 

3217 

3245 

3272 

3:100 

3328 

3366 

:5381 

3413 

3441 

,3469 

3498 

36*27 

3556 

3685 

.3614 

3643 

3672 

3701 

.37.31 

3761 

:575H) 

38*20 

3850 

3880 

3910 

3941 

3971 

4001 

4032 

406.3 

4094 

4125 

4156 

4187 

4*218 

4*249 

4281 

4313 

4344 

4:570 

4408 

4440 

4172 

4506 

4537 

4569 

4602 

46.35 

4668 

4701 

47:54 

4767 

4800 

48:5:3 

4867 

4901 

4934 

4968 

r)(M)*2 

5036 

5070 

5105 

5139 

5173 

5*208 

5243 

5*278 

6113 

5:518 

5383 

5418 

5453 

5189 

5525 

5560 

6596 

5632 

5668 

5704 

5741 

5777 

58 1:3 

5850 

5887 

5924 

6961 

6998 

6a55 

6072 

6109 

6147 

6185 

6222 

6200 

6*298 

6:5:56 

6374 

6413 

64,51 

G4H9 

6528 

6667 

6006 

6646 

6684 

6723 

6762 

6801 

CS41 

6881 

69*20 

6960 

7000 

7040 

70S0 

7121 

7161 

7201 

7242 

7*28:5 

7324 

7365 

7406 

7447 

7488 

7629 

7571 

7613 

7654 

7696 

77:38 

7780 

7822 

7865 

7907 

7949 

7992 

80:56 

8078 

8)21 

8164 

8*207 

8250 

8293 

8:537 

8381 

8424 

8468 

8,512 

8556 

8600 

8645 

8689 

8733 

8778 

88*23 

8.S68 

8913 

8958 

9003 

9048 

9093 

9139 

9185 

9*230 

9276 

93*22 

9368 

9414 

9461 

9.507 

9553 

9600 

9647 

9694 

9741 

9788 

9835 

9882 

9929 

9977 

10025 

10072 

10120 

10168 

10*216 

10*264 

10313 

10361 

10409 I 

10458 

10507 

10556 

10605 

10654 

10703 

10752 

10801 

10851 

10901 

11M150 

11000 

11050 ! 

11100 

11150 

11200 

112 f)l 

11301 

11362 

11403 

114.H 

11605 

11556 

11607 

11658 

11709 

11761 

11813 

11864 

11916 

11968 

120*20 

12072 

12126 

12177 

12229 

12*282 

12,3,36 

12388 

12441 

1*2494 

1*2547 

12600 

1*2653 

12707 

12761 

12814 

12868 

12922 

12976 

13030 

13085 

13139 

13193 

13*248 

1:5:103 

13358 

13413 

13468 

1352:5 

13578' 

13633 

13689 

13745 

13800 

1*5856 

13912 

i:5968 

14024 

14081 

14137 

1419? 

14250 

14307 

14364 

14421 

1U78 

14536 

14592 

14t‘49 

14707 

14765 

14822 

14880 

14938 

14996 

15054 

15113 

15171 

152*29 

1,5*2- 8 

15347 

15406 

15465 

155*24 

15683 

15Q42 

1.5701 

15761 

15821 

15880 

15910 

16000 

16060 

161*20 

16181 

16241 

16301 

16;«i2 

16423 

16484 

16545 

16606 

16667 

16728 

16789 

16851 

16913 

1 697 4 

17038 

17098 

17160 

17222 

17285 

17347 

17409 

17473 

17635 

17598 

17861 

17724 

177R7 

17850 

17913 

17977 

18041 

18104 

18168 

18*232 

18*296 

18360 

184*25 

18489 

18653 

18618 

18683 

18748 

18813 

18878 

1854.3 

19008 

19073 

19139 

19206 

19*270 

19336 

19402 

19468 

14534 

19601 

19667 

19783 

19800 

19867 

19934 

20000 

20068 

20i:<5 

20*202 

20269 

20337 

20405 

20472 

20540 

20608 

20676 

20744 

20813 

208M 

20949 

21018 

21087 

21156 

21225 

21294 

21363 

21432 

21501 

21571 

21641 

21710 

21780 

21860 

21920 

21990 

22061 

22131 

22*201 

22272 

22343 

22414 

‘22485 

22556 

22627 

22608 

22760 

2*2841 

22913 

22984 

23056 

23128 

23200 

28272 

23845 

23417 

23480 

23562 

236.35 

28708 

23781 

23854 

23921 

2400a 

84073 

24147 

i24221 

124294 

24368 

24442 

24516 

24590 

.24606 


r«r eeatfBWtioa le ISO AM OMVe ’• 





EARTHWORK. 


1019 


Table 5. I^vel Cattinffs. 

Roadway 28 feet wide, side-slopes 1 to 1. 
For doablo'traok exoavation. 


Beptti 
ir Ft. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 1 .8 

.0 


Cu.Ydi. 

Cu.Ydi. 

Cu.Ydi. 

Cu.Ydi. 

Ca.Yda. 

Co.Yd». 

Cu.Ydi. 

Cu.Ydi. Cu Yds. 

Cu.Ydfc 

0 


10.4 

20.9 

31.4 

42.1 

62 8 

8;i6 

74 4 8.5 3 

96.8 

1 

107.4 

118.6 

129.8 

141.1 

162.4 

1639 

17,5.4 

187.0 198 7 

210.4 

2 

22-2 2 

234.1 

2461 

2581 

270.2 

282 4 

294.7 

307.0 319 4 

331.9 

3 

344.4 

367.1 

369.8 

382.6 

395.4 

408.3 

4213 

4:U.4 447 6 

460.8 

4 

474.1 

487.4 

500 9 

514.4 

528 0 

541.7 1 

655.4 

569.2 683.1 

597 1 

5 

611 1 

625.2 

6:19.4 

653.7 

668.0 

682.4 

696.9 

711 4 726.1 

740.8 

6 

755 6 

770.4 

785.4 

800 4 

815.5 

830 6 

845 8 

861.1 876.5 

891.0 

7 

907 5 

923.0 

938.7 

954.5 

970.3 

986.2 

1002 

1018 1034 

1050 


8 1067 loa^ 1099 1116 1132 1149 1166 1182 1199 1216 

9 1233 1250 1267 1285 1302 1319 1337 1354 1372 1390 

10 1407 1425 1443 1461 1479 1497 1515 1534 1552 1670 

11 1589 1607 1626 1645 1664 1682 1701 1720 1739 1769 

12 1778 1797 1816 1836 1855 1875 1895 1914 1934 1954 

13 1974 1994 -2014 2034 2055 2075 2095 2116 2136 2167 

14 2178 2199 2219 2240 2261 2282 2:104 2325 2346 2367 

15 2:189 2410 24:12 2454 2475 2497 2519 2541 2563 2585 

16 2607 2610 2652 2674 2697 2719 2742 2766 2788 2810 

17 283:1 2856 2879 29o:i 2926 2949 2972 2996 3019 3048 

18 .‘1067 3090 3114 3i:i8 3162 3186 3210 3234 3259 3288 

19 3:107 3:13-2 3356 :i:i81 8406 3431 3455 3480 3505 8530 

3556 3581 3606 3611 :1657 3682 3T08 37:i4 3759 3786 

3811 3837 3863 3889 3915 3942 3968 3994 4021 4047 

4074 4101 4128 4154 4181 4208 4235 4263 4290 4317 

4:144 4:172 4399 4427 4155 4482 4510 4538 4566 4594 

4622 4650 4679 4707 47:15 4764 4792 4821 4850 4870 

4<.W7 49:16 4966 4994 5024 5053 5082 5111 5141 6170 

5200 5-230 5259 5289 5119 5319 5379 6409 5439 6470 

5500 5530 5561 5591 5622 56.*>:i 56S4 5714 6746 6776 

5807 6839 5870 5901 5932 5964 5995 0027 6050 6090 

(.122 6154 6188 6218 6250 6282 6315 6347 6:179 6412 

6444 6477 6510 654:1 6575 60O8 8641 6674 6708 6741 

6774 6807 6841 6874 6908 6942 8976 7009 7043 707T 

7111 7145 7179 7214 7248 7282 7317 7351 7386 7421 

7456 7490 7525 7560 7595 7631 7666 7701 7738 7772 

7807 7843 7879 7914 7950 7986 8022 8058 8094 8130 

8167 8203 8-239 8276 * 8:112 8149 8386 8423 8459 8496 

85:13 8570 8608 8645 8682 8719 8767 8794 8032 8870 

0907 8945 8983 9021 90 >9 9097 9136 9174 9212 9260 

9289 9327 9366 9405 W44 9482 9621 9560 9599 9639 

W78 9717 9756 9796 98:i5 9875 9915 9954 9994 10034 

HI074 10114 10154 10194 10‘236 10-275 10316 lo:i56 10:196 10437 

10178 10519 10559 10600 10641 10682 10724 10705 10«()6 10«47 

10889 10950 1007-2 UOI4 11055 11097 11139 11181 11223 11266 

11.107 1V550 U:192 114:54 11477 11519 11662 1160.5 11648 1169f 

117:5:1 11776 11819 1186.3 11906 119»9 11992 120:i6 12079 12123 

12167 1 2210 12254 12298 12:142 12-386 12430 1 2474 1 2519 12588 

1-2607 r26.')2 12696 12741 12786 12831 12875 112920 1296.5 13010 

13056 13101 1;>146 13191 132:57 i:i282 13328 'l.^374 i;i419 i:i466 

|13611 i:i5S7 13803 13649 13695 13742 13788 113834 13881 13927 

13974 11021 14068 14114 14161 14208 14256 14.303 143^>0 14307 

114444 1449-2 14.539 14587 146:15 14682 14730 il4778 14826 14874 

,14922 14970 15019 15067 15115 15164 15212 ,1.5261 15310 15360 

jl540f7 15456 1.5.505 l,5.-»54 15604 15653 15702 15751 15801 |15860 

15900 15950 1,5999 16049 18099 16149 16199 :16249 16299 16:160 

jl6400 164.50 16501 16551 16602 10653 16704 ,16754' 16805 }16866 

,16907 16939 17010 17061 17112 17164 17215 17267 17319 17370 

17422 17474 17.526 17.578 17630 17682 17785 |17787 17889 17892 

17944 17997 180.5P 18103 18155 18208 18261 118314 18368 18421 

18474 18527 18581 186.34 18088 18742 18795 18849 18903 18967 

IH.IJ 19065 19119 19174 19228 19282 19387 19391 19448 10801 

. 1^0 I100IO 19775 19831 19886 |l99 41 19996 20062 

For contintiatirtw tn loO feet see Table 7. 
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Table 6. Level €attln||ps« 

Roadway 28 ft wide, side'slopes to 1. 
For doable-traok ezoaTatiosi 


Septh 
to Ft 


y 

1 

2 

3 

4 
6 
6 

7 

8 
9 


1 

.0 1 

1 

.2 

.3 1 

.4 

.6 

.6 

.7 

.8 

.9 

’ 

Ou.yd8.1Cu.Ydii.| 

Cu.Ydi. 

Cu.Ydn. 

Cu.Ydi. 

Cu.Ydi. 

Cu.Ydi. 

Cu.Ydi 

Cu.Ydi. 

Cu.Ydi. 


10.4 

21.0 

31.6 

42.4 

63.2 

64.2 

76 3 

86 5 

97.9 

]09.3 

120.8 

132.6 

144.3 

166.1 

168.1 

180.2 

192.4 

204.8 

217.2 

229.6 

242.3 

2660 

267.9 

280.9 

294.0 

307.2 

320.6 

334 0 

.347.6 


361.2 

374 9 

388.8 

402.8 

416.9 

431.1 

445.4 

469.9 

474.4 

i 489.1 


603.7 

618.6 

633.6 

648 6 

663.9 

679.3 

694 7 

610 2 

625.8 

641.6 


667.6 

673.4 

689.6 

706.7 

722.1 

738.61 

755 0 

7717 

788.4 

805.3 


822.2 

839.3 

856.6 

873.8 

8912 

908 8 

926.4 

944 2 

962.0 

980.0 


998.1 

101b 

l(Ki5 

1053 

1072 

1090 

1109 

1128 

1147 

1166 


1185 

1204 

1224 

1243 

1263 

1283 

1803 

1322 

1348 

i:i63 


mi 

1403 

1424 

1445 

1465 

1486 

1607 

1628 

1549 

1571 


1592 

1614 

1635 

16.57 

1679 

1701 

1723 

1746 

1767 

1790 


1812 

1835 

1868 

1881 

1904 

1 1927 

1950 

I 1973 

1997 

2020 


2044 

2068 

2092 

2116 

2140 

2154 

2189 

2213 

22:18 

2262 


2287 

2312 

2337 

2362 

2387 

2413 

2438 

2464 

2489 

2616 


2641 

2667 

2593 

2619 

2646 

2672 

2698 

2725 

27 52 

2779 


2806 

2833 

2860 

2887 

2916 

2942 

2970 

2997 

3026 

3063 


3081 

3109 

3138 

3166 

3195 

322:1 

3252 

:i281 

:i 3 io 

3339 


3368 

3397 

3427 

3456 

:U86 

3616 

3546 

3676 

3606 

:i636 


3667 

3697 

3728 

3768 

8789 

3820 

3851 

3882 

:i913 

3944 


3976 

4007 

4039 

4070 

4102 

4134 

4166 

4198 

4231 

4263 


4206 

4328 

4361 

4894 

4427 

4460 

4493 

4527 

4560 

4594 


4627 

4661 

4605 

4729 

4768 

4797 

4832 

4866 

4000 

4035 


4970 

5005 

5040 

6076 

6111 

6146 

6181 

6217 

6263 

5288 


5324 

6360 

5396 

6432 

5469 

6505 

5542 

6678 

5615 

56.52 


5689 

6726 

5763 

5800 

5838 

5876 1 

5913 

5951 

5989 

6027 


6066 

6103 

6141 

6179 

6218 

6267 1 

6295 

6334 

6373 

6412 


6451 

6491 

6530 

6670 

6609 1 

6649 

6689 

6729 

6769 

6809 


6860 

6890 

6931 

6071 

7012 1 

7063 

7094 

7136 

7176 

7217 


7269 

7300 

7342 

7384 

7426 

7468 

7610 

7552 

7694 

7637 


7680 

7722 

7765 

7808 

7861 

7894 

79:17 

7981 

8024 

8067 


8111 

8166 

8199 

8243 

8287 

8331 

8376 

8420 

8464 { 

8509 


8564 

8608 

8643 

8688 

8734 

8779 

8824 

8870 

8915 

8961 


9007 

9068 

9099 

9145 

9191 

9238 

9284 

93:11 

9378 

942 f» 


9472 

0619 

9566 

9613 

9661 

9708 

9766 

9804 

9851 

99(KI 


9948 

9997 

10046 

10093 

10142 

10190 

10239 

10288 

10337 

10380 


10435 

10484 

10534 

10583 

10633 

>0683 

10732 

10782 

10832 

10882 


109;« 

10988 

11034 

11084 

11135 

11186 

112:17 

11288 

11339 

11391 


11443 

11494 

11546 

11598 

11649 

11701 

11753 

11806 

11858 

11910 


11968 

12016 

12068 

12121 

12174 

12227 

12281 

123:i4 

12.387 

12441 


12494 

12648 

12602 

12656 

12710 

12784 

12819 

12873 

12928 

12082 


13037 

13092 

13147 

13202 

13257 

13312 

13368 

i;i423 

13479 

13536 


13591 

13647 

13703 

13769 

13816 

13872 

13928 

];i985 

14042 

14000 


14156 

14218 

14270 

14327 

14386 

14442 

14500 

14558 

14615 

14673 


14731 

14790 

14848 

14906 

14965 

16024 

15082 

16141 

15200 

15259 


15318 

15378 

16437 

15497 

15556 

15616 

15676 

157:16 

15796 

15856 


15917 

16977 

160i» 

16098 

16159 

16220 

16281 

16342 

16403 

16465 


16526 

16687 

16649 

16711 

16773 

16836 

16897 

16959 

17021 

17084 


17146 

17209 

17272 

17336 

17398 

17461 

17624 

17587 

17651 

17714 


17778 

17842 

17905 

17969 

18033 

18098 

18162 

18226 

18291 

18356 


18420 

18485 

18560 

18615 

18680 

18746 

18811 

18877 

18942 

19008 


19074 

19140 

19206 

19272 

19339 

19406 

19472 

19538 

19605 

19672 


19739 

19806 

19878 

19940 

20008 

20075 

20143 

20211 

20279 

20847 


20415 

20483 

20661 

20620 

20688 

20767 

20826 

20894 

20963 

210:12 


21102 

21171 

21241 

21310 

213>‘0 

21450 

21619 

21589 

21659 

21730 


21800 

21870 

21941 

22012 

22082 

22153 

22224 

22296 

22366 

22438 


22509 

22681 

22652 

22724 

22796 

22868 

22940 

23012 

23085 

23167 


23230 

23302 

23376 

23448 

23521 

23594 

23667 

23741 

23814 

23888 


23961 

24036 

24109 

24183 

24267 

243:11 

2U0b j 

24480 

24554 

24629 


24704 

24779 

24854 

24929 

25004 

26079 

25155 

2,6230 

25306 

26381 


26457 

25638 

26609 

25686 

25762 

26888 

25915 j 

26992 

26068 

26145 


26222 

26299 

26376 

26464 

26531 

26609 

26686 j 

26764 

28842 

26920 


For continuatiOB to KK) feet, see Table !• 
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Table 7. I^vel Cntltnipi. 

Oontlnnatlon of the lix foregolnt Table* of Cnbto Contenta, to 100 feet of height or depth. 


Height 
or Depth 
in Feet. 

Table 

Table 

2 

Table 

3 

Table 

4 

Table 

5 

Table 

6 


Cu. VdK. 

Cu. Yds, 

Cu. Yda. 

Cu, Yda. 

Cu. Yd*. 

Cu. Yd*. 

61 

23805 

20004 

17848 

24739 

20107 

26998 

.5 

24201 

20479 

18108 

25113 

203S6 

27390 

62 

24670 

20S67 

18370 

25489 

206G7 

27 785 

.h 

24942 

27257 

18634 

258C8 

20919 

28183 

c:} 

25317 

276.50 

18900 

26260 

21233 

28583 


2.)694 

28046 

19163 

26635 

21519 

28986 

64 

26074 

28444 

194.37 

27022 

21807 

29393 

.5 

26457 

28816 

19708 

27413 

22097 

29801 

65 

26843 

20250 

19981 

27806 

22.3S9 

.30213 

.5 

272^11 

20057 

20256 

28201 

22682 

30627 - 

66 

27622 

:K){>07 

20.5,33 

28600 

2297S 

31044 

.5 

281)16 

31H79 

20812 

29001 

23275 

31464 

67 

28413 

.30894 

21093 

29406 

23574 

31887 

.5 

28812 

31.313 

21375 

29813 

23875 

32312 

68 

29215 

31733 

• 216.59 

30222 

24178 

32741 

..5 

20620 

.321.57 

21945 

306,35 

24482 

,33172 

69 

30028 

.32.583 

2-2233 

310,50 

24789 

.33605 


30438 

:woi3 

22523 

31468 

2.5097 

34042 

70 

30852 

33444 

22S14 

31889 

25407 

34481 

.5 

31268 

;i3879 

23108 

8.3313 

25719 

34924 

71 

31687 

.34.317 

23404 

32739 

260.33 

35369 

.5 

32108 

34757 

2,3701 

33168 

26349 

35816 

72 

32533 

.35200 

24000 

33600 

26667 

86207 

.5 

32960 

35646 

24.301 

34036 

26986 

36720 

73 

33390 

36094 

24604 

34472 

27.307 

87176 


33823 

30646 

24907 

34913 

276.31 

37635 

74 

34259 

•37000 

25214 

35366 

27956 

38096 

.6 

34607 

37457 

25522 

35801 

28282 

38)61 

75 

35139 

37917 

25832 

36250 

28611 

39028 

.5 

35582 

38379 

26144 

36701 

28942 

39498 

76 

36029 

38844 

26458 

37156 

29174 

39970 

.6 

36479 

39313 

26774 

87613 

29608 

40446 

77 

36931 

39783 

27092 

88072 

29944 

40924 

,6 

37386 

402.57 

27411 

88535 

30282 

41405 

78 

37844 

40733 

27733 

39000 

30622 

41889 

.6 

38305 

41213 

28056 

89468 

30964 

42376 

79 

38768 

41694 

28381 

39939 

81.307 

42805 

.5 

39235 

42179 

28708 

40413 

31653 

43367 

80 

39704 

42667 

29037 

40889 

32000 

43852 

81 

40650 

43650 

29700 

41860 

32700 

44850 

82 

41607 

44644 

30370 

42822 

33407 

45859 

83 

42676 

46650 

31048 

43806 

84122 

46880 

84 

43555 

46667 

817.33 

44800 

34844 

47911 

86 

44546 

47694 

32426 

45806 

36574 

48954 

86 

45548 

48733 

83126 

46822 

86311 

50008 

87 

46561 

49783 

33833 

47850 

87050 

51072 

88 

47586 

50844 

84548 

48889 

37807 

52148 

89 

48620 

61917 

35270 

49939 

36567 

53235 

90 

49667 

53000 

86000 

61000 

39333 

54338 

91 

60724 

54094 

86737 

62072 

40107 

55448 

92 

61793 

65200 

87481 

53156 

40889 

66508 

93 

62872 

66317 

38233 

64260 

41678 

57694 

94 

63963 ' 

67444 

38993 

55356 i 

42474 

68837 

95 

55065 

68583 

39769 

56472 

43278 

59990 

96 

66178 

697.33 

4053.3 

67600 

44089 

61155 

97 

57302 

60894 

41315 

68739 

44907 

62331 

98 

68437 

62067 

42104 

59889 

4.57a3 

63518 

99 

59588 ’ 

63260 

42900 

61060 

46667 

64716 

100 

60741 

64444 

43704 

62222 

47407 

66026 
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Table 8, 

Cubic Yanis in a 100-foot station of level cutting or filling, to be added to, or sub- 
tracted Iroiii, the (luantJties in the preceding seven tables, iu case the excavtv 
tious or embankments should bo increased or diminished 2 feet in width. 


Cul.io Yard* In alength of 100 feet ; breadth 2 feet; and of different depths. 


Height or 
h.ipth 
in Feet. 

Cubic 

Yarns. 

Ii'Ight or 
bepth 
in Feet. 

Cuhio 

Yard*. 

Height or 
bopth 

In Feet. 

Cublo 

Yards. 

I!eigl)t or 
Depth 
iu Feet 

Cubic 

Yards 

Hi Ight or 
Depth 
ill Feet 

Cuhio 

Yards. 

.5 

3 7(t 


162 

.5 

3(MI 

.5 

448 

r, ” 

596 

1 

7 11 

21 

156 

41 

304 

61 

452 

81 

600 

.6 

n 1 

.5 

159 

.5 

307 

.5 

4.56 

.5 

604 

2 

14 « 


163 

42 

311 

62 

459 * 

82 

607 

.5 

IS.') 

.b 

167 

.6 

31.5 

.5 

463 

.5 

611 

8 

22. J 

23 

170 

43 

319 

63 

467 

83 

615 

.S 

2.^1 t 


174 

.5 

322 

.b 

470 

.5 

619 

4 

20 i> 

24 

17S 

44 

.326 

64 

474 

84 

622 

.5 

;5.'{ ■{ 

.6 

181 

.3 

330 

.5 

478 

.5 

626 

6 

37 0 

2.6 

185 

45 

33:1 

65 

481 

85 

630 

.5 

40.7 

.5 

189 

.5 

337 

.5 

485 


633 

6 

44.4 

20 

193 

46 

341 

66 

489 

86 

637 

.5 

4S.I 

.5 

196 

. .5 

344 

.6 

493 

jj 

641 

1 

61 9 

27 

200 

47 

348 

67 

496 

87 

644 

.5 

Sf) 6 

.5 

201 

.5 

3.52 

.5 

500 

.5 

648 

8 

613 

28 

207 

48 

356 

68 

504 

88 

652 

.5 

63 (> 

.5 

211 

.5 

3.59 

.5 

507 

.5 

656 

9 

60 7 

29 

215 

49 

363 

69 

611 

89 

659 

.6 

70 4 

.5 

219 

.5 

307 

.6 

615 

.5 

663 

10 

711 

SO 

222 

60 

370 

70 

519 

90 

667 

.5 

77 S 

.5 

226 

.5 

374 

.5 

f)22 

.5 

670 

11 

81 h 

81 

230 

51 

878 

71 

526 

91 

674 

5 

86 1 

.5 

233 

.5 

381 

5 

530 

.5 

678 

12 

8S'I 

32 

2.87 

62 

885 

72 

633 1 

92 

681 

.6 

92 6 

.5 

241 

5 

889 

.5 

637 

.5 

685 

13 

90...1 

33 

244 

63 

393 

7.3 

641 1 

93 

689 

.6 

100 

.5 

1 248 

.5 

396 

.6 

544 

.5 

693 

14 

104 

34 

252 

54 

400 

74 

648 

94 

696 

.6 

107 

.5 

1 2.')8 

.5 

404 

.5 

552 

.5 

700 

16 

111 

Sf) 

259 

65 

407 

75 

556 

95 

704 

.6 

Ilf) 

.6 

263 

.5 

411 

.5 

i 659 

.5 

707 

16 

119 

3(1 

267 

56 

415 

76 

563 

96 

711 

.6 

122 

.5 

270 


419 

.5 

! 567 

.5 

716 

17 

126 

87 

274 

57 

422 

77 

670 

97 

719 

.6 

130 

.5 

278 

.5 

426 

.5 

574 

.5 

722 

18 

13(4 

38 

281 

58 

430 

78 

57 s 

98 

726 

.6 

137 

.5 

285 

5 

431 

.5 

581 

.5 

730 

19 

141 

I 39 

289 

59 

437 

79 

585 

99 

733 

.8 

|144 

I 

293 

.5 

441 

.5 

689 

.5 

737 

20 

148 

40 

29G 

60 

444 

80 

593 

100 

741 


Hkmakk. The foreffoinfr tables of level cattinfc« may also be 
ifted for widths of roadway greater than the»e at the heads 
>f the tables. Thus, suppose we wish to use Table 1, for a roadbed m n, 16 ft 
vide, insttMid of c b, which is only 14 ft. and for which the table was calculated. If 
B only necessary first to find the vert dist g a, between these two roadiieds ; and to 
idd it mentaUy to each height < s, of the given embkt, when taking out from the 


e a b 
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table the numbers of cub yds corresponding to the heights. By this means we obtain 
the contents ol the einbkt chop, for any required dist. Next, tiom theae contents 
subtract tliut coi responding to the heiglit s u, lot the same (list. The remainder win 
plainly be the embkt m tt op. 

In practice it will be sufficiently correct to take s a to the nearest tenth of a 
foot, wliich i^ill save trouble In adding it nieiitally to the heights in the tabieg. 

If the roadbed la narrower than the talile, as, for instance, if tnn lie 
the width in the table, tuii we wish to find the contents for the width cb, then 
first find sa, and calculate the cuhie yards in 100 leet length of cbmn. Then, 
in taking out the euhic yards from the table, first subtract .su mentally from 
each height; and to tlie cubic yards taken out for each 100 feel, opposite this 
reduced lieight, add the cubic yards in 100 feet of cbtmi. 

To avoid trouble with c'oiitractors about tlio measurement of rock 
cuts, stipulate in the coutraiit, either that it shall eunform with the theoretical 
cross section; or that an extra allowance of say about 2 feet of width of cut 
will be made, to cover the unavoidable irregularities of the sides. 

Hhrinkafi;e of Embankment. Although earth, when first dug, and 
loosely tlirowii ()ui,«wel/.r uliout ^ part, so that a cubic vaid in pbice averages 
about 1} or 1.2 cubic yards when dug: or 1 cubic yard (iug is equal to or to 
.HSliSof a cubic yard in place; yet wlieu made into embankment it gradually 
subsides, settles, or sbrlnks, into a less luilk than it occupied before being dug. 

The following are approximate averages of the shrinkage; or, in other words, 
theeartli measured in place in acut, will, when made into erabankinent, occupy 
a bulk less tiian before by about the following proportions: 

Gravel or sand about 8 per ct ; or 1 in 12 less. 

Clay “ 10 per ct ; or 1 in 10 less. 

lioam “ 12 ()er ct ; or 1 in 8U less. 

Loose vegetable surface soil..... “ 15 per ct; or 1 in 6^ less. 

Puddled clav “ 25 per ct; or 1 in 4 less. 

The writer thinks, from some trials of bis own. that 1 cubic yard of any bard 
rock in place, will make from 1% to 1% cubic yards of embankment; say on an 
average 1.7 cubic yards. Or that 1 ciinic yard of rock embankment requirea 
.5882 of a cubic yard in place. He found that a solid cubic yard when broken 
into fnigmenis, made about as follows 




1 Of which there were 


yards. 

Solid 

Voids 

In loose heap 

. 1.9 

52.6 per cent. 

47.1 per cent 

Carelessly piled 

. 1.75 

57 “ 

43 “ 

Carefully piled 

, 1.6 

6.S « 

37 “ 

Rubble, very carelessly seabbled 

.. 1.5 

67 * 

.33 “ 

Bubble, somewhat carefully seabbled.. 

- 1.25 

80 

20 “ 
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COST OF FARTllWOBH. 


Art. I. It is advinable to pay for thla kind of work by the onblo yard of exeaiKifiON onlyj ii> 
itead of allowing saparatr prices for exoavatioo and eoibank'nieut. By thin means we get rid of Uit 
linioulty of inraHurenicntH, as well as the controversies and lawsuits which ofloii attend the deter 
uinatlun of the allowance to be made for the settlement nr subsidence of the embankntents. 

It is, moreover, our opinion that Justice to the ountmetor should lead to the EnicliHli prac> 
llcv of paylikfr laborers by the ruble yard, instead of by the day 

Rzperieuce fully proves that when laborers are soaroe and wages high, men can scarcely be depended 
upon to do thn-e fourths of the work which they readily acoompllsh when wages are low, and when 
fresh bauds are waiting to be hired In case any are discharged The oontractrr is thus placed at tlie 
meroj of his men The writer haa known the most satisfactory results to attend a system of task- 
work, accompanied by liberal premiums for all overwork. By this means the interests of the laborers 
are tdeutilied with that of the ooutraclor ; and every man takes oare that the others shall do their 
fair share of the task. 

Kllw<Kid Morris, C R, of Philadelphia, was. we believe, the first person who properly investigated 
the elements of cost of earthwork, and reduced them to such a form is to enable ns to calculate the 
total with a considerable degree of accuracy. He published bis results In the Journal of the Franklin 
Institute in 1H41. His paper forms the basis on which, with some variations, we snail consider the 
matter : and on which we shall extend It ut wheelbarrows, as well as to carts Throughout this paper 
we speak of a cubic yard considered only as solid in Its plaoe, or before it is loosened for removal. It 
is scaroely necessary to add that the various Items can of oourse only be regarded as tolerably close 
approximations, or averages. As before stated, the men do less work when wages are high ; and more 
when they are low. A great deal besides depends on the skill, observation, and energy of the con- 
tractor and his superintendents. It Is no unusual thing to sec two contrectors working at the same 
prices, in precisely similar material, where one is making money, and the other losing it, from a want 
of tact in the nropor distribution of his forces, keeping his roads in order, having his oarts and bar- 
rows well flilea, sc, bo. Uncommonly long spells of wet weather may scrionsly affect the cost of exe- 
cuting earthwork, by making It more dilUoult to loosen, load, or empty ; besides keeping the roads in 
bad order for hauling. 

The aggregate oost of excavating and removing earth Is made np by the following items, namely : 
1st. Looiening the earth ready for (A« thweUeri, 

‘id. Loading it Ay ehoveli into the carte or barrowe. 

Sd. Hauling, or toheeling U away, including emptying and retumtnf, 

4th. Sheading U out into eucreesive lagers on the emhankment. 

6th. Keeping the hauling-road for carU. or the plank gangwayifor barrowe, in good order. 

6th. ITear, sAarpening, depreciation, and interest on cost of tools. 

7tb. Atpenntendence, and water carriers. 

8th. Prg/lt to the contractor. 

We will consider these Items a little in detail, basing our oalculslions on the assumption that oom 
non labor costs f I iter day, of 10 working hours. The results In our tables must therefore he In- 
ireaied or dimlnlslivd in about the same proportion as common labor costs more vr less than this. 

Art. 2. TsOtMVoninyr the earth ready for the Mho vel lent. This is 

generally done either by ploughs or by picks ; more cheaply by the first, A plough with two horses, 
and two men t<^ manage them, at tl |»er dav for labor. 75 cents per day for each horse and 37 cents 
per day for plough, inolodlng harness, wear repairs Ac or a toUl of $3 87, will loosen, of strong 
^svy soils, from 200 to 300 cubic yards a day, at from 1.9.3 to 1.29 cenU per yard ; or of ordinary 
loam, from 400 to «00 cubic yards a day, at from .97 to .64 of a cent per yard. Therefore, as an ordi- 
aary average, we may assume the sotual cost to the oontrsotor for loosening by the plough, as fol- 
lows • stroiig heavy soils. 1.6 cents i oommon loam. .8 cent ; light sandv soils, .4 cent, very stiff pure 
olsT, or obstinate cemented gravel, msy be set down at 2 5 cents ; they reijutre three or four horses. 

By the pick, a fair day's work Is about 14 vards of stiff pure clay, or of cemented gravel ; 26 yards 
Sf strong beavv soils; 40 yards of onnimon loam, 60 yards of light sand> soils — all measured in 
nUm. which, at tl per day for labor, gives, for stiff clay, 7 cents; heavy soils, 4 cents; loam, 2 5 
Oents; light sandy loll, 1 666 oenta. Pure sand requires but very little labor for loosening; .6 of a 
tent will cover It. 

Art. 3. Nhovelllni^ the lootMined earth into carts. The amonnt 

•hovelled per day depends partly upon the weight of the material, but more upon so proportioning 
the number of pickers and of carts to that of shovellers, as not to keep the Utter waiting for either 
material or osru In fslrlv regulated ganp, the shovellers Into carts are not actually engaged in 
•hovelling for more than six- tenths of their time, thus being unoccupied but four-tenths of it; while, 
nndcr had management, they lose oonslderably more than one-hslf of it. A shoveller oan readily 
load into a cart one-third of a cubic yard measured in place (and which is an average working oart- 
loadl. of sandv soil. In five minutes ; of loam, in six minutes ; apd of any of the heavy soils, in seven 
minutes. ThU would give for a day of 10 working hours, 120 loads, or 40 cubic yards of light sandy 
•oU 1 100 loads, or S8H cubic yards of loam ; or 86 loads, or '28.7 yards of the heavy soils. But from 
these amonnu we most deduct four tenths for time neoessarily lost; thus reduoing the actual work- 
ing quantiiies to 24 yards of light sandy soil, 20 ;rardi of loam, 17.2 yards of the heavy soils. When 
the shovellers do less than this, there is some mismanagement. 

Assuming these as fair quantities, then, at tl per day for labor, the actual oost to the oontraetor 
for shovelling per onbio yard measured in plaoe, will be, for sandy soils, 4.167 oenta ; loam, 6 oenta; 
heavy soils, olsys, to, 6.81 oenta. 

Tn praotioe, the eartt are not nsually loaded to anv less extent with the heavier soils than with ths 
Hghtor ones. Mor. indeed, is there any necessity for so doing, inasmnoh as the differenoe of weight 
of a oart and one-tUrd of a ouWo yard of the various soils is too slight to need any attention ; espe- 
•inlly wh«t the oan<«oad is kept in good order, as U wiU be hg any eontraeter who understanda Us 
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own intercit. Neither Is it ujceitsarj to modif; the lo«d on waoaDt oF any »Hgkt inclituUhnt wbioh 
may ooour in the grading of roads. An earth oart weighs by itself about H a ton. 

Art. 4. llaiillnir away th« earth) dnmpinip, or emptyin§r; 

anfl rcturillniS' to reload. The average speed of horses in hauling is about 2}{ miles 
per hour, or 200 feet per minute . wbioh is equal to 100 feet of trip each way ; or to 100 feet of lead, 
as the distauoe to which the earth u hauled is teohuionlly oalled * Besides this, there is a toss of 
itMjut four minutes in every trip, whether long or short, in waiting to load, dumping, turning, Ac. 
Hence, every trip will occupy as many minutes as there are lengths of 100 feet each in the lead; and 
four minute's besides. Therefore, to find the number of trips per day over any given average lead, we 
divide the number of minutes in a working day by the sum of 4 added to the number of 100 feet 
lengths eontidned in the distance to which the earth has to be removed , that is, 

The number (fiOO) o/ minute e in a workin g day _ the number of tripe, or loade 
4 the number of 100 feet lengthe in the lead ~ removed per day, per cart. 

And since X of a cubic yard measured before being loosened, makes an average cart-load, the naro* 
her of loads, divided bv i, will give the number of oublo yards removed per day by eaob oart; aud 
the cubic yards divided into the total expense of a oart per day, will give the cost per cubic yard for 
hauling. 

Kkmark. When removing loose rock, which requires more time for loadiug, say. 


No. o f minutee (800) i« a working day _ i^ade removed, 

6 + No. of lOO-fsst lengths of lead ~ ptr day, per cart. 

In leads of ordinary length one driver can attend to 4 carts ; whioh, at $I per day, is 35 oenti pe| 
cart. When labor is $1 per day, the expense of a horse is usually about 75 cents, »nd that of thi 
cart, including harness, tar, repair*. &o, 25 oenU, making the total dally cost jier can Si ‘-to. Thi 
evpeuse of the horse is the same on Sundays aud on rainy days, as when at work : and this mutid- 
cratiou is includni in the 75 nenU. Some contractors employ a greater number of drivers, who aloe 
help to load the carts, so that the expense is about the sauio In either case 
Kx AMvi-B How many cubic yards of loam, measured in the out. can be hauled by a horse aud can 
in a day of 10 working hours, (600 minutes,) the lend, or length of haul of earth lad iig 1000 feet, (or 
10 lengths of 100 feet.) and what will be the exiK-ase to the contractor for hauUug, per cubic yard, 
assuming the total cost of oart, horse, and driver, at $1.25? 

600 minutee And = 14.3 ctiMc yarde. 


Here, 


4+10fengtAjo/lU0/ee(, 14 


And — ~ 8.74 cent* per cuMc yard. 
14.H rub yde 


In this manner the 2d aud 3d column-s of the following tables have been oaloulatcd. 


Art. S. Npreadlnic, or levelllnir off the earth Into regular 
thin layers on the embankment, a bankman win spread from 50 to loooubic 
vards of either ooramon loam, or any of the heavier soils, clays, *c, deiwnding on their dryness 
This, at tl per day, is 1 to 2 cents per oublo yard ; and we may assume \% cents as a fair average 
for such soils : while 1 cent will sutBoe for light sandy soils. 

This expense for spreading is saved when the earth is either dumped over the end of the embank- 
ment, or Is wasted ; still, about X cent per yard should be allowed in either ease for keeping the 
dtimping-plaoes clear and in order. 


Art. 6. Keepinic tho cart-rond in ffooil order for hnnlins. 

No ruts or puddles should he allowed to reniidu unfilled : rain should at once be led off bv shallow 
litcbes ; and the rood be carefully kept In good order; otherwise the labor of the horns, and the wear 
of carts, will be very greatly increased. It Is usual to allow so much |ier culiic yard for road repalra; 
but we suggest so much per cubic yard, per 100 feet of ead ; say of a cent. 


Art. 7. Wear, sharpenin«r. and depreciation of pleks and 

shovelH. Bxperlenoe shows that about %oX a cent per cubic yard will cover this Item, 
Snperintendence and water-carrier*. These expenses wiii vary with 
local circurasunees; hot we agree with Mr. Morris, that 1 X oenU per cubic yard will, under ordinary 
ciroumstauces, cover both of them. An atlowanoe of about % bent mar in juitioe he added ror extra 
trouble in digging the side-ditches ; levelling off the bottom of the out to grade , and general trimming 
up. In very tight cuttings this may be Increased to H cent per ojH., yard 
At X oeut, all the items in this aftlole amount to 2 cents per oubio yard of cut. 


Art. S. Profit to the contractor. This may generally be set down at from S to 
IS per cent, according to the magnitude of the work, the risks incurred, and various incidental oir- 
eumsUnoes. Out of this item the oontraotor generally has to pay clerks, storekeei^. and other 
agentt, as well as the expenses of shanties, Ac ; although these are in most oases repaid by the proflu 
of the stores; and by the rate* of boarding and iodgiug paid to the oonirioiors by the laborers. 

Art. 9. A hnowledarc of the foreaolnar Item* enable* m to 
calculate with tolerable accuracy the coot of removlnjf earth. 

For example, let it be required to aseertaln the cost per oubio yard of exoavating oommon team, mcM- 
urrt in plaoe; and of removing it into embankment, with an average hanl or load of 1000 foot; the 
wages of laborers being $l per day of 10 working hours ; a horse 75 ou a day ; and a oart 25 eu. One 
driver to four earU 
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kailroads. 


(k/ntt. 

Here ve have cott of lootening, tay by pick. Art 2. per cubic yard, toy, 2 60 
Luadmy luto caru, jirt 3, “ •' 5 00 

HauUiui luOO feet, at calculated previously tu example, Art, 4, “ 8 U 

Upreudnig tmo layers, Ait j, “ 150 

Keeping cart-road in repair. Ait «, 10 lengths of 100 /t, 1 00 

FanotM ite?na in Art 7, 2 00 

Total cost to rorUractiir, 20 74 

Add coiUracior's prvjfit, say 10 per cent, 2 074 

Total cost per cubic yard to the company, 22,814 

It l> CMj to oonitruot a table like the following, of costs per cubic} ard, for different lengths of lead. 
Columns 2 and 3 uic tlesi obtained by the Kule In Article 4 , then to each amount in ooluuiu J is added 
the variable quantity of of a cent for every 100 feet length of lead, for keejiii^ the road in onler, 
and the constant quantity (for any given kind of soil) composed of the prices per cubic yard, for 
loosening, loadlug, spreading, or wasting, Ac, cither taken from the preceding articles, or modified 
to auit particular olrcumsiauces. In this manner the tables have lieeu prepared. 


By i'lkriH. liabor $1 per day, of 10 worktnfc Itonn*. 
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By Carts. lasbor $1 per day, of 10 workinfif taonnu 


Length of Lead, or distance to which 
the earth is hauled, in feet. 

8 

ll 

o-fl 

p 

A 

Cost per cubic yard In place, for 
hauling Slid empty mg only. 

Pure stiff Olay, or cemented 
Gravel. 

Light Sandy Soils. 

TOTAL COST PER CPBIC 
YARD, KXCLU81VE OF 
PROFIT TO CONTIIACTOR, 

TOTAL COST PKR CUBIC 
YARD, KXCLUSIVB OF 
PROFIT TO CONTRACTOR. 

Picked 

and 

Spread. 

1,? 

Ploughed 

and 

Spread. 

% <6 

s ^ 

•d 

Picked 

and 

Wasted 

1,1 

£ “ 

Ploughed 

and 

Wasted. 

Peet. 

(^u Yds. 

Cts. 

OU 

Cu 

Cts. 

Gts. 

Uts. 

Cts. 

Cts 

Cts. 


47.0 


19.00 

17 75 

14.50 

13 -25 

11 5‘2 

10 77 

10 ‘25 

950 

50 

44.4 

2 81 

19.17 

17.92 

14.67 

13 42 

It b9 

10.94 

10.4-2 

9.67 

15 

4J.1 

2 97 

19.:i6 

18.11 

1186 

13 bl 

11 H8 

11,1.3 

10 61 

9.86 

100 

40 0 

3 12 

J9.5.3 

18 ‘28 

15.03 

13 78 

12 05 

11 30 

10 78 

10.03 

150 

36 4 

3 43 

19.89 

18 64 

15.39 

14.14 

12 41 

11 b6 

11 14 

10.39 

200 

33 ,3 

3 75 

20 26 

lU.Ol 

15.76 

14 51 

12 78 

1-2 01 

11.51 

10.76 

:ioo 

286 

4 37 

•20 98 

19.73 

1.5.48 

15 Zi 

13 50 

1‘2 75 

12 23 

11.48 

400 

X-iO 

5 00 

2! 71 

‘20 46 

17 -21 

15 96 

It -2.1 

13 48 

12 46 

12 21 

500 

22.2 

5 63 

22 44 

21 19 

17.94 

16 69 

14 96 

14 21 

13 b9 

12.94 

600 

20.0 

6 25 

•2.1.16 

21 91 

18,66 

17 41 

15 W 

14 93 

14 41 

1366 

700 

IH.2 

6 87 

•23 88 

22.63 

19 38 

18 13 

16 40 

15 65 

16 13 

14.38 

ROO 

16 7 

7 48 

•24.59 

•2.134 

20 (Hi 

18 84 

17.11 

16 36 

15.84 

15 09 

900 

15 4 

8.12 

•25 23 

‘2.198 

20.73 

19 48 

17 75 

17 00 

16 48 

15.73 

1000 

14 3 

8 74 

26 05 

•24 80 

21.55 

20 -to 

18 57 

17.8'2 

17.30 

16.55 


13 3 

9 40 

26 81 

25 :>6 

22 31 

21 Ob 

19 33 

18.58 

18 0b 

17.S1 


12 5 


•27 51 

2b -26 

23 01 

21.76 

•20 0.1 

19 ‘28 

18 76 

18.01 

lllOO 

11 8 


28 21 

•26 96 

23 71 

22 46 

•20 73 

19 98 

19 46 

18.71 


11.1 

II 2 

‘28.91 

‘27 66 

•24.41 

•23 16 

•21 4.3 

20 b8 

20 16 

19.41 

1500 

10.5 

11 9 

'29.71 

‘28 46 

•25 21 

23 96 

•22.‘23 

21 48 

20 96 

20.21 

1600 

10 0 


30.41 

29 16 

2.5.91 

24 6b 

•22 93 

2‘2.1B 

21.66 

20.91 


9.52 

13 1 

31.11 

•29 86 

•26 61 

25 .36 

23 63 

22 88 

‘22.36 

21.61 

1800 

909 


31.81 

30 56 

•27 31 

26 06 

•24 .33 

23.58 

23.06 

22.81 

1900 

8.70 

14 4 

32 61 

.31.36 

•28.11 

‘2b 86 

•25 13 

24.38 

‘23 86 

23.11 

SOOO 

8 33 

15 0 

33.31 

32 06 

28 81 

27 .56 

‘25 83 

25 08 

24.56 

23.81 


7 54 


35 16 

33 91 

30 60 

29.41 

•27.68 

26 93 

26 41 

25.66 


690 

18 1 

36.91 

3.5 66 

32 41 

31. Ib 

29 43 

28 68 

28.16 

27.41 


6 58 


37 95 

36 70 

33 45 

32 20 

30 47 

29.72 

29-20 

28.45 

"3000 

5 88 

21 2 

40 51 

39-26 

36.01 

34 76 

3.1 03 

82.28 

31.76 

81.01 

8250 

5 48 

22 8 

42 36 

41 11 

37.86 

.36 bl 

3188 

34 13 

3.3,61 

82.86 

3500 

5.13 

24 3 

44.11 

4-2.86 

39.61 

38.36 

36 b3 

.V>J18 

35 HB 

84.61 

3750 

4 83 

2.5 9 

45 96 

44 71 

41.46 

40.‘21 

38.48 

37.73 

37 21 

86.46 

4000 

4 54 

27 5 

47.81 

46 56 

43.31 

42.06 

40 .13 

39.58 

39 06 

38.31 

4250 

4.30 

29.1 

49.66 

48 41 

45.16 

43.91 

42 18 

41.45 

40 93 

4018 

4500 

408 

30.0 

51 41 

50 16 

46 91 

45.66 

43 93 

43.18 

42 66 

41.91 

4750 

3 88 

32.2 

53 ‘26 

52.01 

48 76 

47 51 

45.78 

45 03 

44 51 

43.76 

5000 

8.70 

33 8 

55.U 

53 86 

50 61 

49.36 

47 61 

46 88 

46 36 

45.61 

1 mile 

3:)2 

355 

57.09 

55 84 

52 59 

51 ,34 

49 61 

48 86 

48 34 

47.59 

We IQ- 

2 86 

43 8 

86 91 

6516 

62.21 

60.96 

59 -2.3 

.58 48 

57 96 

67.21 

l^m. 

2 40 

52 1 

76 33 

75 08 

71 811 

70.58 

88 85 

68 10 

67 58 

66.83 

m. 

2 07 

604 

85 95 

8170 

81 45 

80-20 

78 47 

77.72 

77 -20 

76.45 

2 nn. 

1 82 

68.7 

95.57 

94 3-2 

91.07 

89 8-2 

88 09 

87 34 

86 82 

86.07 


Art. 10. By wlieelbarrows. The oo«t by barrows may be e9tlmate<l In the tamo 
manner as by carts See Articles 1, 4c. Men In wheeling move at about the same average at 
horses do In hauling, that i», '1% miles an hour, or Ifio feet per minute, oi * minute per every lOO-fM 
length of lead. The time occupied In loading, emptying, 4o (when, as is usual, the wheeler lom hu 
own barrow,) Is about 1 ‘io minutes, without regard to length of lead liosides which, the time lost IQ 
occasional short rests, in adjusting the wheeling-plank, and in other inoidental causes, amounts to 
about part of his whole time; ao that .ve must In practice consider him as actually working but 
9 hours out of bis 10 working ones. Therefore 


The numher of minute* in a working dag X •!> _ the number of trii>i or o) load* 
] .'lo + the numher of \m feet length* of lead ~ remoneil per day per harrow. 


The number’of loads divided by U will irive the number of cub yards, since s-onh yard, measured 
in place, averages about 14 loada And the cost of a wheeler and barrow per day. ‘••y.fl Pfjf. 
and 5 eenu per barrow,) divided by the number of cub yaids, vrill five the ooat per yaro for loading 
wheeling, and emptying. 
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Ex. Bow monj onbie yordi of oommon loom, moMured In plooe, will one mu lood, wbecl, 
kod emp^, per dor of 10 workinf bonra, (or 000 tuinatee ;) tbe lead, or disunoe to wbloh tbe earth it 
remorad being 1000 feet, (or 10 lenc tba of 100 feet ;) ud wbat will be tbe expenee per yard, anppoiing 
Ihe laborer ud barrow to ooat f 1.05 per day 7 


gOOminufe t X .0 


640 

11.25 


= 48 tripn, or load$ per day. 


And ~ = 3.4.3 cm6 yde per day. And -- ****** - 30.6 cenU 

14 m .■ w 3 

per cub yard for loading, wheeling away, emptying, and returning. This would be increased almost 
Inappreciably by tbe oust uf the shovel, which, in the following tables, however, is included in the 
MSI of tools. 


Beni. For rock, which requires more time for loading, say 

Aho/m twufes in a working day X _ Ao ofloade removed 
1.6 + JVo 0 / 100 - feet Ungtht of Uad ~ per day, per barrQK. 


Art. 11. The following tables are calculated as in the case of carts, by first finding columus 2 
ind S by means of the Rule in A 1 10, and then adding to each sum in column 3, the vaiiuldc quantity 
»f .1 of a cent per cubic yard per 100 feet of load for keeping the wheeling-planks in ordei , and the 
prices uf loosening, spreading, superintendence, wator-oarrying, tic, per cubic yard, as giteu in tho 
[>reoeding Articles 2, 5 and T. 


By Wheelbarrows. Labor $1 per day, of 10 workiiiii^ hoiirn. 
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By Wheelbarrows. Labor #1 per day, of 10 worhinip honrib 



aii<l lowi-mi, and revolved on ahonzoiilal axis. To fill the box, It is lowered into, 
and held down in, the earth, while tin* team draw's the machine forw'ard. Wlion full, 
it ih raised to alanit a find aho\e giound; and, on reaching tlie dunu), is unloaded by 
being ovei turned on its axis. All the movements of the Isix ate made liy means of 
l“vers, and without stopping the team, which thus travels ronstantlj. The wheels 
have broad tnos, to prevent them from cutting Into tlie gnnind. 

In the draff scraper the box, owing to the greater resistance to traction, is made 
much smaller. It contains about .15 to .25 cubic yard in place, and is always open in 
front. The operation ol the dmg scraper is similar to that of the w'hofded scraper, 
except that the Iwx, when filled, rests upon tho ground and is dragged over it by the 
team. 

Each scraper (“wheeled” or “drag”) requires the constant use of a team of twe 
horses with a driver. Besides, a number of men, depending on the shortness of the 
lead and tho numlier of scrapers, are required in the pit an<l at the dump to load the 
scrapers (by holding tlie box down into tho earth) and unload tlieiii (by tipping the 
l)Ox). Except in sand, or in very soft soil, it is economical to use a plow liefore 
scraping. 

The severest work for the team is the filling of the box ; and tills occurs oftenest 
where the leud is shortest. Hence smaller scrapers are used on short than on long 
hauls. We base our calculations on the following loads : 


For drag scrapers (used only on short hauls) 2 cubic yard 

For wheeled scrapers 

lead loss than lOO feet .513 “ 

“ 1(K) to 3(K) feet 4 “ 

“ 400 to 600 feet .6 “ 

“ over 600 feet... j6 ** 
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The daily expense per srntper, for driver's waf^cs and the use of a 2-bor8e team, is 
about For loa^ of 400 leet and over, we a<ld fiO cts i>fcr day for use of “snatch 

team " to lieli' load the larger scrapeiu then ustai. One snatch team generally serves 
a iiuinlM>t <jf HcraiJers. 

Owing to the* fart that the teaiiiB are eonstaiitly in motion without rest, they travel 
Hoinewhat more slowly than with carts We take 150 It per minute (or 75 ft of lead 
pel minute) as an avenige. 

In loading and unloading, the teams n<it only go out of their way in order to turn 
around, but travid inoie slowly Uuin when simply hauling. To cover this we make 
an addition of 100 ft to each length of lead, whether long or sliort, tor wheeled 
scrapers and for drag scrapers. 

We add 1 < ent per ciibu yard for the cost of loading and dumping the scrapers; and 
eslimale the appioxiniate cost ol the other items as follows- , 

llepairs <jf curt-road et per cub yd in place for cnc-h lOU ft of lead 

Tiight Soils Heavy Soils 

Loosening ( ts pei cub yd iii plac-e cts per cub yd in place 

by pick * 5. 

by plow ii. 

Spreailing 1 1.5 

Supciiuteiideiice, w-eur and tear etc 1 1. 


We re]teal tluit our figures aie to be n-garded iiieiely as tohuable approximations, 
and Hub.iect to gi eat vaiiatioiih according to hkill of toiifiacfoi ami superintendent, 
strLMigth of teams, chaiactcr of material inovi'd, state of weatbi-i etc etc. 

No. of trips per day _ No. • li' 0) of iiiiiis in a working day 
per scia|>er yj .j., ^ lengths in (lead i 100ft) 

No, of cub yds in place moved _ No. of trips per No. of cub yds in place, 
per day by each scraper day iwr scraper ^ per scraper jier tiip 


Cost per cub yd in place, 
for hnvUng, hauling, 
dumping and returning 


Tkiilv expe-nse of om> scraper j loading 
No. of cult yds in jilace, moved and dumping 
per day by eacli scraper 


Total cost |Kjr Cost i>er cub yd 

cubic yard in In place, for 

place exclusive loading, haul- -f 

of contractor’s iiig, dumping, 

profit ami returning 


.1 ct Iter cub yd 
in plate tor each 
1(K> ft of lead, -f 
for repairs of 
road 


Cost, per cub jd in place, 
oi loosening, spreading 
or wasting, and super- 
intendence &c. 


By Wheeled ScrRp«»rs. Labor SI per day of 10 working hours. 


(a) 

w 

«•) 

w 

Length of lead, or dis- 
tance to irhlcb earth 
is hauled. 

gi| 

S 

Of 

£ MU 

0 fl 

£ i u 

“S .£ 
«S3 

ills 

u 

Total cost per cubic jard, In place, exclusive of contractor*! pruflt 

Light Soils 

Heavy Soils 

Spread 

Wasted 

Picked 

and 

Spiead 

Picked 

and 

Watiled 

Plowed 

and 

Spread 

Plowed 

and 

Wasted 

Feet 

cub vds 

cts 

Cts 

cts 

cts 

ots 

Cts 

Cts 

60 

100 

4.5 

6 6 

6.6 

12.1 

10.6 

9.1 

7.6 

100 

90 

4.9 

7.0 

6.0 

12.5 

11.0 

9.5 

8.0 

150 

70 

6.0 

8.2 

7.2 

13.7 

12.2 

10.7 

9.2 

200 

60 

i 6.9 

9.1 

8.1 

14 6 

13 1 

11.6 

10 1 

800 

45 

[ 8.8 

11.1 

10.1 

16.6 

15.1 

13.6 

12.1 

400 

45 

9.9 

12 3 

11.3 

17.8 

16.3 

14.8 

13,3 

600 

38 

1 11.6 

14.1 

13.1 

19.6 

18 1 

16.6 

16.1 

800 

80 

14 3 

17.1 i 

16.1 

22.6 

21.1 

19.6 

18.1 

1000 

24 

17.7 

20.7 

19.7 

26.2 

24.7 

23.2 

21 7 

1 


* Li^t soils can generally be advautageously loosened by the scrapers them< 
lelves lu the act of loading. 
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By Braip Ncraperti. l^abor $1 per day of 10 working hours. 


(a) 

(M 

(«) 

(‘J) 



o a 

Total cost perouhio yard in ptaoe, exclusive of onntrsetor'a profli 

k. t 

frjf 
■o . 

2*0 & 







® -a 

kS g M 

r 






-1 

sti 

o "0.2 

Light Soil! 1 


Heavy Rolls 


ztv. 

ag 








Length o 
tance t 
is haul 

111 

Of 

Cost per 
place 
hauIlD 
and re 

i 

Spread j 

Wasted 

Pkked and | 

Spread j M'asted j 

1 

Plow* 

Rpread 

Ml and 

Wasted 

Feet 

cub yds 

cts 

cts ! 

1 Cts 

cts 

cts 

cts 

cts 

.60 

60 

6.9 

9.0 

8.0 

14.6 

1.3 0 

11 .6 

10.0 

75 

.60 

H.0 

10.1 

9.1 

1.6 6 

14 1 

12 6 

11.1 

100 

45 

8 8 

10.9 

1 99 

16 4 

14 9 

13 4 

11.9 

160 

36 

108 

13 0 

i 12 C 

18.6 

17.0 

15.5 

14.0 

200 

30 

12.7 

14.9 

1 13.9 

20 4 

18.9 

17.4 

15.9 


Art. 13. By cars and locaniotiTe, on level tniplf. We have based 

on r calculations upon the follownig absuinptions ; Trails of 10 cars, each car con- 
taining ciiliic yards of earth measured in place. Aveiage sjieed of trains, 
iiieluding starting and stopping, but not standing, 10 miles per bonr, = 5 miles 
of h'n<l per hour. I-alH>r jl per day of 10 working hours. Loosening, loading 
(by shovelcrs), spreading, wear <te of tools, siiperintetidenoe, &<•, the same as 
with carts, Arts 2, 3, 5, and 7. l>oss of time in each trip fur loading, unloading, 
Ac, 9 minutes, = 0.15 hour. Therefore 

Number of tripe per ) . The numb e r (10) of h o nra in a work ing ^y__ 
day, per train j .15 -p the number of 5-mile lengths in the lead 


Number of cubic 
yirda in place, pei 
lay per tram 
Coat pet cubic yard, in place, I 
ftir hauling, dumping, and > i 
seturniiig J 


Number of Number (10) Nninlvr (1.5) of cuwAi 
trips per day X of cars in a X iu P*we in eadb 
per train train cur 

One day*8 train expensea -f 1 day^a coat of track 
Number of cubic yards io place per day per train 


One ilay** train expenses t 

Clost of 10 cars @ $100 $1000 

” locomotive ......... 3000 

■ I I $il OOO 

One day’s Interest at 6 per cent, on cost of train.... $0.W 

Wages cf engine driver (who fires his own engine). mm 2-OP 

** foreman at dump * 2.00 

** 3 men at dump at $1 8.00 

Fuel 2.00 

Water 1.00 

Bepairs of kcomutive and cars ......... 2.33 


Total daily expense of one train $13.00 

Peprecialion (life of rolling stock taken as 10 years) 
say $100 per annum per $1000, 

= $4(X> “ “ “ train, 

= $ 4 “ day (assuming 100 working days per year) .. 4.00 

Daily expense and depreciation, one train, $17.00 


Taking cost of track, laid, at $2600 jier mile, and its life at 5 years, the dall> 
fexpeniie of track, for interest, depreciation, handling and repairs, may be 
taken at $6.00 for each mile of lead. 

Therefore 



l\JO£t 


KAlLiKUADO. 


Dost Der cubic yard In place, I $17 + ($6 f or each mile of le ad) 

for banling, dumping, and [* “ dumber of Nun>l.er (10) Number (fj) ^ 
retarning j trips per da) X of cars in » X cubic yards • 

per tram train each csir 


Total cost i)er cubic') Cost per cub y«l in Cost per cubic yard, iu place, fot 

yard m place, ex- place for hauUng, . looseiuug, loading, spreading o< 

elusive ol coutrac- " dumping, ard re- wasting, and superintendence, Ac 

tor’s profit turning (Arts 2, 8, 5, and 7.) 


By Cars and Ijocomotl ve. Labor $1 per day of 10 working hours. 


"(a) 

"'(h) 

P 

■e 

ill 

at 

(c) 

•0:2 

o'® S 

. 

(<i) 

•a? 

^s| 

tlj 

tS£ 

•J 1 

Total c««t [MT onbie jard, In place, exclusiie iff coin raeior' 

s profit 

Light Solla. 

Heavy Soils. 

h 

"Zt 

E 

■S3 

0. 

Plowed and 
Spread. 

Plowed and 
W asted. 

Picked and 
Spread. 

Picked and 
Wasted. 

Plowed and 
Spread. 

o . 

• l? 

E 

Miles 

Cii. yds. 

. eta. 

Ct.s. 

rt.s. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 


7r)0 

2.47 

11.30 

10.30 

10.04 

9.04 

16.77 

14.27 

13 27 

11.77 

H 

600 

8..S3 

12.16 

11.16 

10.90 

9.90 

16.63 

15.13 

14.13 

12.63 

V 

49S 

4.34 

13.17 

12.17 

11.91 

10.91 

17.64 

16.14 

16.14 

13.64 

1 

420 

5.48 

14.31 

13.31 

13.06 

12.06 

18 78 

17.28 

16 28 

14.78 

2 

270 

10.74 

19 57 

18.57 

18.31 

17 31 

24.04 

22.54 

21 54 

20.04 

3 

196 

17.96 

26 78 

26.78 

26 62 

24 .62 

31.25 

29,75 

28 75 

27.26 

4 

160 

27 33 

36.16 

35.16 

34.90 

33 90 

40,63 

39.13 

,38.13 

36.68 
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Additional Data of use in railroad earthwork may he 
found in "Hoisting, Conveying and Excavating Machinery , 
pp 579y to 581, incl. 

oNpccially the following in that article; — 

**GrabM, Clam-Shells & Orange-Peels*’, sec 1.14, 

‘^Dippers and ShovelN”, sec 1.15, 

“Skimmers”, sec 1.16, 

“Pull-Scoops”, sec 1.17, 

“Scrapers”, sec 1.18, 

“Cableways”, sec 4.0, 

“Conveyors”, sec 5.0, 

“Vehicles”, sec 6.0, and subdivisions. Wheelbarrows, Carts, 
Wagons, Automobiles (including Trucks and Tractors), 
Trailers, and Industrial Railways, 

“Other Excavators”, sec 7.0, and subdivisions. Plows, Root- 
ers, Bulldozers, Gradeis, Elevating Graders, Trenchers and 
hitchers, and Hydraulic Excavation, and 
“Operation”, sec 9.0 and subdivisions, 
nlso 

“Dredging”, pp 581 to 581a:, inclusiv. 
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Art. 14. RemAvingf r4»ck excnvation by wheel barrowH. 

A cubic yard of bard rock, or bclore Imjiii}? bl.ihtcd, will weigh about 

1 8 tons, if sandsloiic or coiigloiiierate, (150 per cubic foot ;1 or 2 tons if good 

compact granite, gneiss, liuiesloiie, or marble, (168 Ibh per cubic fitot. i ho that, 
near enough for practice lit the cjlsc before us, we may assume the weight of any 
of them to be about 1.9 tons, or 4256 tt»s per cubic yard, in iilace; or 158 tbs per 
cubic foot. ^ 

Now, K Holtd cnbfe ^fird. when broken np by blusting for miioval by whuel* 
burrows or curu, will occupy a sp-icr of aUuut 1 8, or 1 J ruliic yards; whereas average earth, when 
loosened, swells to but about 1 2, or ij of its original bulk In plate; although, after being ni'ide Into 
embaiiKnieiit. It eveniually shrinks into has than its original bulk. In esilmiitlng for earth, it is 
asHumed that |lj onmo yard, in place, is a fair lua>I for a wheelbarrow. 8uch aculno yard will weigh 
_ 2410 . 

on an average 24110 tbs, or 1 (W tona; therefore, — 174 ftis, Is the weight o\a barrow-load, ol 

2 'll oublo feet of loose earth. AHSiiming that a barrow of loose rock should weigh almut the same 

, 42i(. 

as one of earth, we may take it at of a cubic yard ; which gives = 177 fts per load of looss 
rook, ooeiipylng 2 oiihio feet of spice 

In the following table, columns 2 and S sre prepared on the same principle as for earth, as directed 
In Article 10. Coluinii 4 is miuie up bv adding to each amount in column .1, .1 of a t ent for each 100 
feel length of lead, for keeping the w hoelitig-plaiiks in order ; uud 4.5 cents pir cubir ysrd, in place, 
as the actual cost for loosening, inrlmlliig tools, dril'iiig. (lowilei, &c; as wi II u» iiiodcrate drainage, 
and everr ordinary coutiugency not embraced in column d. Cuiilroctur s pi uUls, of course, are not 
here inelu'lod. 

Ample exiierienoe shows (hat when labor is st ft per dsv , the foregoing 45 rents per cubic yard, in 
place. Is a suflieieutly lihorul allowance for looscni .g hud Kxk under all nrdneiry circumstances. 
In pracliee it will generally range between 30 niid (Ml cents, depending on the pnstiinn of the strata, 
hardness, toughness, water, and other cnnsideratimis. 8oft shales, and other al ied rocks, may fre- 
quently he loosened by |)ick and pluuvh. as low as 15 to 20 cents; W’hllc, on ll.u other h.< nd, shallow 
outtings of very tough rock, with an unfavorable posinon of strata, especiiillt in the bottoms of e.- 
cavations. may co.t $1, or even consi lersbly more These, however, sre eNccptional ons. s, of com- 
paratively rare occurrence The quurrjing of average hard rock requires shout to ^ th of powder 
per cubic yard, lu pla e; hut the nature of the r-s k, the position of the strata, tic, ni.iy itierease it 
to kjlh, or more. Boft rock frequently requires more powder thnn liard. A good churn-driller will 
drill 8 to 10 feet in depth, of holes about 2>j feet deep, and 2 inehes diameter, (icr day, in average 
hard rook, at from 12 to 18 cents per foot. Drillers receive higher wages than common laborers. 


Hard Hook, by Wheelbarrows. 

Latior |l per day, of 10 working hours. 


Length of 
liCad.ordis- 
tanrs to 
which the 
riH-k is 
wheeled. 

Number of 
cubic yards, 
in place, 
wheeled per 
day liy each 
barrow. 

Cost per 
euUii. }Hrd, 
in (ilace, 
for loading, 
wheeling, 
and 

emptying. 

Total eiisi 
per cubic 
yard, in 
place ex- 
olnsive of 
prolli to 
cull tractor 

Length of 
Leaii.nrdts- 
tance to 
which the 
rock is 
wheeled. 

Number of 
cubic yards, 
In place, 
wheeled per 
day by eat h 
barrow. 

CoHt per 
cubic yard, 
lu place, 
for loading, 
wheeling, 
and 

emptying. 

Total cost 
per uubio 
yard, in 
place, ex- 
clusive of 
profit to 
contractor 

Feet. 

Cubic Yds 

Cents. 

Cents 

Feet. 

Cubic Yds 

Cents. 

Cents. 

25 

12 2 

8 64 

51.7 

6(H) 

2.96 

3.5.5 

81.7 

60 

10.7 

9 81 

64 9 

7110 

2 62 

401 

B6.5 

75 

0.58 

II 0 

.56 2 

800 

2..34 

44 8 

B1.4 

1(10 

8 60 

l2.l 

57 3 

900 

2.12 

49.5 

963 

150 

7 26 

14 5 

59 8 

1000 

1.94 

fi4 1 

101.1 

200 

6.25 

16 8 

I 62 2 

1200 

1 1.65 ' 

6.3.6 

115.0 

250 

5.49 

19 1 

64 6 

1400 

1 1 44 

72.9 

1'20.7 

300 

4.89 

21.5 

67.1 

1600 

1.'28 

82 2 

130.4 

8.50 

4.41 , 

2.3 8 

635 

1800 

1.1.5 

91.5 

1401 

400 

4 03 

26.1 

71.9 

2000 

1 L04 ; 

100 8 

149.8 

450 

,3.69 

28.5 

74 4 

2200 

.953 

110 2 

1.59 6 

600 

3.41 

30.8 

76.8 

2400 

.879 

119.5 

109.3 


Art. 15. Removing rock exewvatiou by earls. A c.irt-loaA ol 
rock may lie taken at I of a cubic yard, in place. This will weigh, on an average. 
851 lbs ; or but 41 lbs more than a earl-toad of average soil. Since the cart itself will 
weigh iihoiit toil, the total loads are veiy iieai ly equal in both ca8e.s. Columns 
2 and 8 of the following table are pre(iarc>d on the same principle a.s for earth, as 
directed in Art. 4. Column 4 is made up by adding foeach amount in column 8, 
the following items: Kor blasting, (and for everything except those in coliiiiin 3; 
loading, and repairs of oart--road,) 45 cents per cubic yard, in place; for loading, 
8 cents, per cubic yard, in place ; and for repairs of road, .2, or J of a cent for each 
lOO-feet length of lead. ContracW.s profit not includeii. 
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Hard Rock, by Carta. 

Labor $1 per day, of 10 working hours. 


LruRfh of 
lOHfl, «ir (11s- 
taiire tn 
whirh the 
rock Is 
hauled. 

Number of 
cubic yards, 
in place, 
hauled per 
day, by each 
cart. 

Cost per 
cubic yard, 
in plai e, 
for hauling, 
and 

emptying. 

Total cost 
per cubic 
yard. In 
place, ex- 
olusive of 
proDt to 
contractor 

Length of 
Leud.ordis 
tauee to 
which the 
rook is 
hauled. 

Number of 
cubic yards, 
In pl'scc, 
hauled per 
day, bv each 
oart. 

Cost per 
cubic janl 
111 place, fur 
hauling, 
and 

empty lug 

Tutsi coal 
per oublo 
yard, in 
place, ex- 
clusive of 
profit to 
I'oiilruetor 

Feet. 

Cubic Yds. 

Cents. 

Cents. 

Feet. 

Cnlilo Yds. 

Cents. 

Cent* 

25 

19 2 

6..'il 

59 6 

1800 

500 

25 0 

81.6 

60 

18 6 

6 77 

69 9 

1900 

480 

260 

82 8 

75 

T78 

7 . 0:1 

60 2 

2000 

4.62 

27 1 

B4.1 

100 

17.1 

7.29 

605 

2250 

4.21 

29 7 

87.2 

160 

100 

7 Hi 

61.1 

2500 

8.87 

82.8 

90.8 

200 

150 

8.33 

61 7 

H mile 

8.70 

63 7 

92.0 

800 

1.13 

9.37 

63 0 

3000 

388 

87 5 

96.5 

400 

120 

10 4 

64 2 


8 12 

40 1 

99.6 

600 

10 9 

11 5 

65 5 

.3500 

2 92 

42 8 

102.8 

SOO 

10 0 

12.5 

667 

3750 

2 76 

45 8 

105.8 

700 

9 23 

13 6 

680 

4000 

2 61 

47.9 

108.9 

800 

8.5’' 

14 6 

692 

4250 

2.47 

50 6 1 

112.1 

900 

800 

15 6 

70.4 

4500 

235 

*63 2 

115.3 

1000 

7..60 

16 7 

71 7 

47.50 

2.24 

55 8 1 

118.8 

IKM) 

7.06 ' 

17 7 

72 9 

5000 

2.14 

58 4 1 

121.4 

1200 

0 67 1 

18 7 

74 1 

1 mils 

204 

61.2 

124.8 

IMOO 

6 32 

19 8 

75 4 


1 67 

75.0 

141.2 

1400 

600 

208 

76 6 

1W‘ 

1 41 

88 8 

157.6 

l.MX) 

.5.71 1 

21 9 

77 9 

l« •* , 

1 1 22 

102 5 

174.0 

1000 

5 45 1 

22 9 

79 1 

2 “ 

1 08 

110 3 

190 4 

1700 

5 22 

24 0 

SO 4 

2K •• 

1 .962 

18u U 

206J 


•• liOONC rock ” will cost about 30 cts per yd leas; and even solid rock will 
avTiKif Hbotit 10 ct8 less than the table*. 


Art. i6. Removing rock excavation by cars and locomotive, 
on level track ; each car holding l cu yd of rock, instead of I.5 cu 
yds of earth as in Art. 13. This makes hauling cost, for a given 
lead, 50 per cent greater than for earth. Loosening and loading costs 
are as in Art. 15 ; other assumptions as in Art. 13. 


Lead, 

Miles. 


> 4 ^ 

K 


1 

2 


3 

4 


Hard Rock, by Cars and Locomotive. 


Labor per day of lo working hours. 


Cu yds 

Hauling cost, 

Loosening, 

Loading, 

Total, 

per day 
per train. 

cts per cu yd 

cts per cu yd 

cts per cu yd 

cts per cu yd 

500 

3-7 

45 

8 

567 

400 

5.0 

45 

8 

58.0 

333 

6.4 

45 

8 

59-4 

286 

8.0 

45 

8 

61.0 

182 

16 0 

45 

8 

69.0 

*33 

26.2 

45 

8 

79.2 

*05 

390 

45 

8 

92.0 
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RAILROADS. 


TUNNELS. 

Tunnels for railroiMls should. If possible, be stralgrlit* espe* 

elally when there is but a single track ; inasmuch as collisions or other accidents 
in a tunnel would be peculiarly disastrous. A tunnel will rarely be expedient 
before the depth of cutting exceeds 60 feet. Firm rock of moderate hardness, 
and of a durable nature, is the most fhvorable material for a tunnel; 
especially if free from springs, and lying in horizontal strata. In soft rock, or 
in shales (even if hard and firm at first), or in earth, a lining of hard brick or 
masonry in cement, is necessary. A tunnel should have a |rrade or incli* 
nation in one direction, for ease of future drainage ana ventilation. No 
special arrangement is essential for ventilation either during construction, 
or after, if the length does not exceed about 1000 feet; but beyond that, gen- 
erally during construction either shafts are resorted to, or means provided for 
forcing air into tlie tuunol through pipes from its ends. But after the work is 
finlshi^d, except under peculiar circumstances, nothing of the kind is necessary. 
Shafts often oraw air downwards; and frequently, even when aided by asteep^ 
uniform grade, do not secure ventilation. The MontCenis tunnel under the 
Alps, completed in 1871, Is miles long, and has no shafts, although it grades 
up from each end, whicli is uie most unfavorable of all conditions fbr veutlla* 
tion without shafts. It was made so for facilitating drainage. Its ventilation 
is maintained by air forced in from the ends. The Hoosac tunnel, Mass, 4^4 
Miles long, has shafts ; one of t hem 10:10 feet deep ; but 1 hey were for expediting 
jhe work. NhaftM ireneriill.y co»*t from to S times as much per cubic 
yard as the main tunnel, owing to the greater difficulty of excavating and re* 
iiovliig the material, and getting rid of the water, all of which must be done 
by hoisting. When throng earth, they must be lined as well as the tunnel 
and the lining must u.sually be an under-pinning process. Or the lining 
first be built over the intended shaft, and then sunk by undermining it grad- 
ually. Their sectional area coratnonly varies from about 40 to 

100 square feet. They have the great advantage of expediting the work by in- 
creasing the number of points at which it can be carried on ; but if placed too 
close togetlier, their cost more than compensates for this. The air in soi»e 
tunnels, while being constructed, is much more foul than in otliers; so that 
after the work has been coraineuced, shafts with forced air may be expedient 
where they were not anticipated. In excavating the tunnel itself, a headlntf 
or passage-way, 6 or 8 feet nigh, and 3 to 12 feet wide, is driven and maintains 
a short distance (10 to 100 feet, or more, according to the firinne.sB of tlie ma- 
terial) in advance of the main work. In roek, the heading is just lielow the 
top of the tunnel, so that the men can conveniently drill holes in its floor for 
blasting; but in earth, the heading is driven along the bottom of the tunnel 
that being the most convenient for enlarging the aperture to the full tunnel 
size, by undermining the earth, and letting it fall. In earth, the top and sides 
of the heading, as well as of the tunnel, must be carefully prevented from 
caving in before the lining is built; and this is done by means of rows of verti- 
cal rough timber props, and horizontal caps or overhead pieces, between which 
and the earth rough wards are placed to form temporary supporting sides and 
ceiling to the excavation. The props and caps are placed first ; and the boards 
are then driven In between them and the earthen sides of the excavation. 
These are gradually removed as the lining is carried forward The llnlag', 
when of brick, is usually from 2 to 8 bricks thick (17 to 26 inches) at bottom, 
and from to 2)4 bricks thick at top; and when of rough rubble in cement, 
about half again as thick. It is important that the bricks or stone should be 
of excellent hard quality, and laid in good cement. The bricks should be 
moulded to the shape of the arch. As the lining is finished in short lengthiL 
and before the centers are removed, any eavitiM or voids between it and 
the earth should be carefully and compactly filled up. Even in rock, if much 
fissured, or if uot of durable character, as common shale, lining Is necessary. 
The crosawieetlon of a single-track railroad tunnel, in the clear of evory* 
thing, and for cars of 11 feet extreme widtli, should not be les$ than about 18 
(tot wide, bv 18 feet high; nor a double-track one, less than 27 feet wide, by 24 
feet high ; unless in the last case the material is firm rock, in which a high arch 
Is not necessary for lining. The roof may then be much flatter, so that a height 
of 20 feet may answer. With cars of 10 feet extreme width, the width of the 
tunnel may lie reduced to 28 feet ; or with 9 feet car& to 28 feet. Many have 
been made 22 feet The Mont Cenis is 26 feet wide, by 25 high. The rate of 
dolly prooreM from each face of a tunnel varies from 18 inches to 9 feet or 
length per 24 hours, with three relayt of workmen. On the Mont Cenis the ew* 
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tnroes were about 4 to 9 feet dally for a whole year, from each face. DrlUs 
worked by compressed air were employed in the headings, which were 12 feet 
wide by 8 feet hlah. Ordinarily, from to 3 feet may be taken as averages. 
The difference of rate of progress between a single and a double track tunnel 
IH not BO great as might be supposed ; inasmuch as a larger force can be em> 
ployed on the wider one. If the tunnel is in earth, the construction of the 
lining about makes up for the slower excavation ot one in rock. In rock, with 
labor at $1 per day, th« cost will usually vary with the character of the rock, 
from $2 to 85 per cubic yard for the main tunnel ; and from 88 to 810 for the 
beading; while shafts will average about 60 percent, more than heading. The 
cost of a single-track tunnel, when common labor i8 8l per day, will generally 
range between 880 and 875 per foot of length. Tunnel work, however. Is liable 
to serious contingencies which cannot be foreseen. Since the sides and roof are 
rough as blasted, the width and height should each be estltiiated to the con* 
tractor as about \8 inches or 2 feet greater than the established dear ones. Af 
any rate, the mode of measurement siioiild be clearly stated in the specifications 
for the work. When a tunnel is made with a uniform grade, the work gen- 
erally^progresses in a more satisfactory manner from the lower end, because 
the descent favors the drainage of the spring water that is usually met with; 
whereas, at the upper end, It must be removed by pumps or by bailing. The 
upper end lias, however, the advantage of sooner getting rid of the smoke in 
blasting. Before commencing a tunnel, or even deciding upon one, trial 
Hhafts should be sunk to ascertain the nature of the material. In long ones, 
the greatest care and accuracy are necessary for preserving the line of direc- 
tion, so that the work from lM>th ends shall meet properly at the center. 

In the heading of the VosburgfPa) tunnel of the Lehigh Valley R R, built 
1884, cross-section 1\A feet X 26 feet, the average progress per working 
day of 24 hours with two shifts of 12 hours eacii, was as follows; by hand 
drilling 2.8 feet and 2.4 feet respectively from each end; by machine drills 
two rival drills in competition) 6.6 feet and 7.8 feet. The material was hard 
gray sandstone. For the whole tunnel the rate was about 2 feet per day. 

For further information respecting tunnels, the reader is referred to Mr. 
H 8, Drinker’s very full treatise on the subject, published by the Messrs Wilef, 


TRESTLES. 

i 3 4- 
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Figs 1, 2. 3, 6, 6, 7, are elevatlona of treatlefi; taken across the track of 
roadway. We may consider Figl as adapted to a height of about 10 to 20 ft ; Figs 2 
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•Bd 8, to hei{rl>ts ftom 20 to 30 fl ; p[g fi, from 80 to 40 L. E'lg n, krom 40 to ft, M 
rough approxiiiiatiQiis tiiorely, A aiugle framework, auch ae that shown in oaoh of 
these six flgureb, is called a “bent." These bents of course admit of mauy modlO 
eatioQs. They are uHiially ^^|)Ilorted by bases of masonry, as in tlie Ogures. These 
preserve the lower timbers from runtact with the enitb, uhich would hasten theit 
oecay. It is advisable to make these bases high enough to present injury from cattle, 
orpassiug veliicU‘8, Ac. Up to heights of about 4U or ftO ft, a single row of imsts or up- 
rights, a, u, a, Figs 1 to B,aH shown at ee under Figs 1 and 6, will answer. But as the 
height becomes greater, mote posts should !•« intioduced, as show'u at a: at under Fig 
5 ; or two entire rows of them ; or three rows, as under Fig 7 ; and as also in Fig ^ 
which is an end view of Fig 7. Figs 7 and 8 bear much resembknce tf» the trestles 
190 ft bigli, with masonry Iwises 30 ft high (S. Seymour, C. E.), W'bicli carried the 
Erie Rway (now the N Y, Lake Erie A West’n H R) over the iaonetsee lilver at 
Portn|C<‘<i N y. There ea< h l»ent liad *21 posts 14 ins sqiiaie, at its liase , and 18 
posts of 12 X 12, at Its top, Tin* other tiiiibers were 6 X 12; many of them were In 
pail's, embracing the posts. Tins single-track viaduct was begun July 1, 1851, aud 
completed Aug. 14, 1852. It contained 1,602,000 ft (B M) of limiter, and 108,862 lbs 
of iron. In the funudatimiH weie 9200 cub yds of masnnry. The entire c^st was 
about $140,000. It was bui tied down in 1875, and was replaced, in loss than 3 moe, 
with a single-track vindnrt of wrouir1it.>iroii treNtloH, containing, in 
all, 1,340,000 lbs of iron, and 130,600 ft (B M) of timber; and eosiing, c*()iii|ilete, 
above the masoiirv, aliont }f95,000. Kiequently the ;>ost8 of trestles are in pairs; 
aud the other tim'bers pass between ; all Imlted together. 

In Fig 4, the posts «, a, a, are end views of thrt-e trestles or bents, such ns Fig 3; 
anritt are diag braces extendi iig from trestle to trestle: the tw non ter ones inclining 
Id one direction; and the central one crossing them. These may be jdaced either 
Intermediate of the posts, as in Fig 3; with the heads of the two outer ones confined 
to the cap c c of one trestle ; and their feet to the sill y y of the next one , or they 
may all lie spiked or ladted to the poets themselves, as in Fig 4. The last is the best, 
as it serves also directly to stifTeii the fiosts: as do also the braces o o, n n. Fig 2. 
Such bracing is too froi|nently umitteil. During the passage of trains, the liackwartl 

S resBtire of the steam, exerted through the driving, 'vheels against the track, pro* 
aces a serious strain lengthwise of the road, aud tending to upset the trestles; and 
the sudden application of brakes to a moving train, produces a similar strain In the 
opposite direction. These strains become more dangerous as the ht increases. Hence 
lueueed forsiicli braces. Usually the outer pOMtH llia.y lOHD 1.5 to 2.5 ms toaft. 

The jKists should not be less than alK>utl2 ins square, except in quite low trestles; 
and even then not less than about 10 X m The diag bracing may geaurally l*e abotil 
M wide as the posts ; and half as thick. The dKt apart ot the bents, w hen the road 
Way is supported by simple longitudinal beams, should not exceed 10 or 12 it, for 
railroads. But if those beams receive support from braces beneath, like ss, Fig 8 ; oi 
from iron truss rods, the dist may W extended to 15 or 20 oi 

more ft. But when the trestles become very high, and contaiti a great deal of tim 
her, it liecoines cheaper to place them farther apart, say 30 to 60 ft ; and to carry 
the railway upon regular framed trusses, as at uu. Figs 7 and 8; as in a bridge with 
stono piei-B. In the Genesee viaduct, the trestles were 60 ft ajiart, center to center 
When such a trestle as Fig 8 becomes very narrow in proportion to its height, we 
may add to its stability by introducing beams w, extending from trestle to trestle 
and still further by inserting diag braces v v, as U the old Genesee viaduct. 

As far as practicable, arrange the pieces so that any one may be removed if it 
becomes decayed; and another put in its place. 

On onrvea, additional strength should Ikj given on the convex side ; as sug- 
gested by the dotted lines in Fig 5. On very high trestles especially (as well as 
on bridges), wheel-guards, g g, Fig 10, either inside or outside of the rails, 
should never lie ouiiited. 

in marshy ground^ piles may be driven to -upport the drestiea; or may be left s« 
br above ground, as themselves tooonstitute the posts. Such trestles may oftei. bs 
used advantageously, even when to be afterward tilled in liy embkt. They then sun 
tain the tails at their proper level until the embkt has reached it final settlement. 

They are generally used to avoid the expense of embkt; especially when earth cat 
only be obtained from a great dist. Even when earth and timber are equally con 
veiiient, they will rarely much exceed about half the cost of embkt; even when but 
about 80 ft high; but owing to their liability to decay, they should be resorted ^ 
only in case of necessity ; or as a temporary expedient 

Brldffen. See Trusses, p 689, etc, and Stone Bridges, (Arches), p 613, etc. 
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ROLLING STOCK 

GENERAL 

1. General features, and details common to both locomotlvs 
and cars. Under this head we aim to give only such general in- 
formation as may be serviceable to civil engineers, who are con- 
ccrud chiefly with the fixt plant of railways. 



2. Trucks. A truck, Fig 1, is a frame into which the journal 
boxes, G, of the axles are fitted, and which supports the car body. 
In the U. S., a truck is seldom used singly, supporting the vehicle 
by direct and rigid attachment ; but is almost invariably connected 
with the car or locomotiv by means of a pivot, P, which enables It 
to adapt itself to changes in direction of track. Trucks, especially 
the side pieces, 88, were formerly made up of heavy steel flat bars, 
fc/,'ming a simple truss, and many are still in use. On newer equip- 
ment, “pressed” steel side frames are largely used (which act as 
girders) and also cast steel side frames, being pattemd after the 
older flat bar trussed frames. 

3. The pivot, P, Is at the center of the truck, except in special 
types of locomotiv trucks, and in some electric car trucks where 
only one motor is used on one pair of wheels and where the pivot 
Is placed more nearly over the driving wheels, to give better 
"adhesion.” 

4. Slde-hearluKH. The load Is usually carried by bearings at 
the pivot, and only those loads due to the side swing of the car 
are taken by slde-benrlngs, B, B; but in some types, now in use, all 
the loads are carried by the side hearings, while the pivot takes 
none. 

5. Sprlnga. Elliptic, flat, or coild springs are provided between 
the main truck frame, F, and the bolster, B P B, which carries the 
pivot bearing. For passenger service, at least, a coild spring is 
placed also between each Journal box and the truck frame. Coll 
springs are built in nests of two or more, one within the other, and 
these nests are also used In pairs, side by side, or in groups of 
four or more, especially where used between the truck frame and 
the car body. Semi-elliptical springs are usual on locomotlvs. 

6. Jonrnal Boxen. Tlie journals turn In the Journal boxe^ 
The bearing is of course upon the upper side of the Journal. Each 
box is large enough to contain a supply of olid waste for lubrica- 
tion. A lid, L, permits access, and keeps out much dirt. Rollax, 
bearings have been used in electric traction work. 

7. Journals. Under cars, and In the axles of two-wheeld loco- 
motiv trailer trucks, the journals are at the ends of the axles, 
outside the wheels; In loco driving wheel axles, between the driv- 
ing wheels. Journals range from 8% to 6 ins In dlam, and from 

7 to 11 ins in length. Trailer truck journals are as largs as 

8 X 14 Ins. f 
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8. Materialfl. Cast Iron wheels, of which the treads ahd 
flanges have been chilled to give added surface hardness, are still 
largely used In freight service. Steel tired iron wheels, or forged 
or rolled all-steel wheels, are almost exclusivly used for heavy pas- 
senger service. 



Fig. 2. 


8. Tread and flange, for Master Car Builders’ standard cast 
iron wheels, and their relations to the rail heads (including gard 
rails) are shown in Hg 2. 

A = overall gage = r/ 4%" ; W = wheel gage 4' 7‘Vi/' ; 

C = check “ = 4' (}“/«" ; Z*’ = flange gage = 4' 5Vk 

1 = flange thcks. = O' I'Voi" ; ^ — tread — O' 4“/a*" ; 

A = gard rail and wing rail gage = 4' 5" ; 

0 = track gage =4' 8%"; w = flangeway =0'!%''. 

Wheel diameter is measured on center line, A B, of rail. 

10. standard or nsual diam. for all car wheels. 33 ins. Wt of 
each wheel, 620 lbs for 30-ton capacity car, to 720 lbs for 50-ton. 

11. Contnar of wheel treads. In order to obviate or diminish the 
resistances which would occur under a wheel with a cylindrical 
tread, when rounding curve, (see Train Resistance, H 3G, p 1061), the 
transition, from the tread to the flange of the wheel, Is made by 
means of a curv, or “fillet”, of about 1 inch radius, which usually 
keeps the side of the flange away from the side of the rail bead ; 
and the wheel tread Is “coned” (with its greater diam nearer the 
flanges), in order that the oMfer wheels (traveling always toward 
the outer rail) may thus he made to roll upon their larger diams, 
and the inner wheels upon their smaller diams ; but, under traflac, 
the coning becomes reduced, and even reverst, the wheel diam, next 
the flange, sometimes becoming even less than that farther from 
the flange. Prior to 1907, the standard coning of the Master Car 
Builders’^ Association was Vss (Vi« Inch In 2*/, Inches). In 1907, 
the standard coning was increast to V*o (Vk Inch in 1 Vr Ins). Thf* 
Pennsylvania Railroad found breakages of wheel flanges greatly 
reduc^ by the Increase of coning. (See Ry Age Gax, 1912 Jul 19, 
P»2.) 

12. Tires. The function of a tire Is to give added strength to 
the wheels and to resist wear. Tires are either shrunk on to the 
wheels by reduction of temperature, or clampt on In one or another 
of many different ways, or both. 

Brakes. 

13. A Brake Shoe is a metal piece so shaped on one side as to 
conform with the tread and flange of the wheel. Ordinarily, one 
brake-shoe Is provided for each wheel, but “clasp” brakes, having 
two shoes, (me on each side of each wheel, appear to have markt 
advantages. The two (or four) shoes for a pair of wheels are 
attaebt by Brake Beams (frequently trussed to give added strength) 
placed parallel to the axle, either between the two pairs, or outside, 
according to convenience, etc, or both, as In the “clasp” brake. 
Brake Hangers are attacht to the brake-beams and trucks in such 
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a way as to take the forces produced by the friction of the shoei 
against the wheels and to hold the shoes in place. A system of 
Brake Levers, distributing the brake pressure properly to all the 
wheels, connects the brake-beams with the source of brake actuat- 
ing force, t. e., with the shaft of the hand-wheel or with the piston 
of the air-cylinder, or with both. 

14. Air brakee. For the operation of the brakes by comprest 
air, each car is provided with a Brake Cylinder, fitted with a pis- 
ton connected with the system of brake levers. Each car is equlpt 
also with a Brake Pipe running Its entire length. The brake pipe 
has a flexible hose at each end, and connections whereby the entire 
line may be joind together, and also with one or two steam-oper- 
ated Air Compressors, carried on the locomotiv. A Brake Valv, 
placed in the locomotiv cab, enables the engineer to control the 
brakes on the locomotiv and ihruout the entire train. 

15. ‘‘Stralirbt** air brake. In this brake, the comprest air 
pa.s8es from the compressor (or from a reservoir of comprest air) 
on the locomotiv, thru flie engineer’s brake valv, and the brake pipe, 
directly into the brake cylinders ; thus applying the brakes. Its 
operation, however, is not rapid enough for long trains, and has the 
very great disadvantage that any failure of the air supply, as by a 
luirst hose, will result in failure of the entire system; and this is 
most likely when the demand upon the system has been heaviest. 

16. The <*autoniatlc” air-brake practically overcomes these 
objections. Each car carries an Aumiury Ueservoxr of comprest 
air, and is provided with a special elaborate valv, known as a 
“Triple Valve’\ operated by differences In pressure between the 
brake pipe and the car auxiliary reservoir. The essential feature 
is that a reduction in pres, in the brake pipe (causd either by 
the operation of the engineer’s brake valv, V an emergency valv 
Oi a car, or by a failure of the train line) so operates each triple 
valv that air passes thru it from the auxiliary reservoir of each 
car into the brake cylinder. To release the brakes, the engineer 
sets his brake-valv into such position as to restore the normal 
pres in the train-line ; whereupon the triple valvs permit the escape 
of the air from each brake cylinder, and suitable springs ensure the 
release of the brake shoes from the wheels. The engineer’s brake 
valv has several positions, by means of which the brakes may be 
either (1) gradually releast, (2) all held as they may have been 
set, (3) gradually applied, or (4) instantly applied. 

17. epeed brake.'* In this the pressures employd are 
nearly or quite sufficient to skid the wheels in spite of the relativly 
low frlc coef of the brakes at high speed (see “Prlctlon”. p412). 
But, as the speed of the train is reduced, the air Is allowd to 
escape gradually, so as to avoid skidding the wheels as the frlc 
coef increases. 

18. Bleotrlc control of the valvs is largely used in “multiple 
unit” electric train control ; and it has been advocated for very 
long steam trains where even the “automatic air’’ brake is at times 
troublesomely sluggish in its operation. On electric cars, an aly 
compressor on each car is operated by an electric motor on that car. 

19. Blectrie brakes have been largely used on electric street 
cars. In the Westinghouse electric brake the motors of the car are 
caused to generate electricity which magnetizes a shoe carried 
directly over each rail. The shoe then clings to the rail, and t.if 
resulting drag forces the brake shoes against the wheels. Electric 
brakes, depending on the rotation of the motors, cannot, however, 
keep a car standing on a grade. 

20. New hlgh-apeed brake. The Westinghouse Air Brake Co., 
•Ofether with Pennsylvania Railroad (S. W. Dudley, Asst Chf Bngr, 
Am Soc M. E., N. Y. Section' 1914 Feb 10) very thoroly teatefi a 
lew air brake, with the following results : — 

38 
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Traiu of 12 steel passr cars and modern loco; total Igth abt 1000 
ft ; total wt abt 1000 tons 

Speed, miles per hour, 30 GO 80 

Ordinary brake stopt train In 1600 to 1800 feet 

New “ “ “ •• 200 1000 2000 feet 

21. Vacuum brakes have been employd to a small extent. Their 
operation is much the same as that of the (comprest) “air brake”. 
As it is of course impossible to obtain operating pressures of more 
than about 12 Ibs/aq inch, very large brake cylinders are required; 
but th« apparatus has the advantage that, in case of failure of the 
air service, the brakes are applied automatically, without the use 
of a “triple valv*'. 


M I Mcel lancou a. 

22. Air Nlixnnl and ateam Mupply on passenger trains are oper- 
ated by means of separate lines of pipe, running the length of the 
train, each connected, between cars and locomotivs, by Individual 
hose connections. The fundamental principle of the air signal Is 
similar to that of the automatic air brake, in that air pres is nor* 
mally maintaind in the line of pipe, and that the work (here the 
blowing of the whistle. In the cab>. Is done by the escape of air, 
either (1) effected l>y a valv. which is operated by a signal cord 
on a car; or (2) from a leak, such as would be caused by the 
breaking in two of a train. 


Closed Open 
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23« Couplers* one at each end of a car, are arranged symmetri- 
cally with respi'ct to a vertical axis thru the center of the car 
(the open jaw facing to the left as one stands on the ground facing 
the car), so that cars and locomotivs may always he coupled to- 
gether without any reversal of ear or coupler. hMgure 3 shows two 
couplers almost engaged, one open and one closed. Tlie knuckles 
are so latcht by pins, P,P, that, with either one open, the cars 
will be coupled when they come together, without further atten- 
tion from trainmen. Also, any coupler may be opend, and the cars 
uncoupled, by means of a lover at a corner of the car, without need 
for the trainman to go betw the cars. Hoses of train pipes, how- 
ever, must be both coupled and uncoupled by a man who must go 
betw the cars; hut devices are being introduced by which this also 
may be accompllsht automatically, especially in multiple-unit elec- 
tric traction. Car couplers are pivoted to the draft gear, to permit 
of turning on curvs. 

24. The draft sear is a combination, at each end of each car, of 
a longitudinally-sliding bar, with springs to take up the shock of 
starting. The springs make It possible, also, to approximate the 
starting of the train one car at a time, which is valuable because 
the starting resistances are higher than those of normal running. 
Ip FrioWon Draft Gear, friction devices are employd which serv to 
absorb the recoil of the springs, and thus prevent the accumulation 
of rhythmically recurring stresses. 

Clearance. 

25. On bridges, see p 746. In tunnels, the Am Ry Bng’g Assn 
hM recommended clearances as shown in Fig 4, betw cen of track 
and aide of tunnel. 
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26. On cnrvN an additional clearance is necessary and may be 
computed from the following formulas given by George Paaswell, 
Asst Engl’, I’ub Service Commission, New York City, in Engineering 
& Contracting, 1914 Mar 25, p 367. In Fig .5, let 
a = dlst betw centers of trucks ; 

Ij = length of car ; 

c =: dist from middle of center line of car to center of curvd 
track ; 

c = dist from center line at end of car, to center of curvd 
track ; 

jF? = radius of curv. 

All units preferably in feet 

Then, c = flVS R : and «■ = - o-i/S R 

See also Min .‘learance on curvs, p7i6 



27. Where transition curvs or ^spirals’' are used, the radius 
may be taken, nearly enough, as that of the curv at the middle of 
the car. For the transition curv radius, li$, at any point, we have 
Rt =: RrT/t; where Itr = circular curv radius; T = length of 
transition curv; i = dist of the point from beginning (T.S.) of 
transition curv. 



Fig.5» 


28. Tilt of car. In addition to this, allowance must be made, 
on the inner side of the curv, at least, for the tipping of the cat 
due to super-elevation. This, of course, may he readily computed, 
given the super-elevation, gage, and height of eav of voot or other 
critical portion of car. 

29. More precUe formulaR and elaborate diagrams are given 
for these computations by Mr. Frank 11. Carter, in Engineering ft 
Contracting, 1013 Dec 10, pp 650-2. 

71 
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LOCOMOTIVS 

In the following table 

Wlieel-baHe is the dist along the rail, betw points of con- 
tact of the front and back wheels with the rails. 

Tractiv effort, \isually betw 0.22 and 0.25 of the wt on all 
the drivers, is the hor force which the loco can exert, pro- 
vided the wheels do not slip, it holds good for speed.s up 
to abt 10 mi /hr. 

Tractiv effort at higher Hpeeda as given by Am Loco Co, 
Multiply the tractiv eftort by the lactoi corresponding to 
the speed In question; — 

Piston speed, ft/min... 300 400 r»00 700 900 1200 1600 
Factor 954 .863 .772 .590 .460 .337 .241 


liocomotiv Data 

The first four lines of the following table are made up 
from intormation receivd in 1937 from three large U S infrs 
regarding 11 of their very heavy locomotivs; the last four 
lines from “Statistics of Rys of the U S, by the Interstate 
Commerce Commission,” 1935. 

Loco Tender Wheel Lbs /ft of Tractiv 
only, lbs only, lbs Base Track Effort 


Heaviest 723,400 402,000 llPll" 10,050 140,000 

Av except’y heavy. 600,000 400,000 100' 10,000 100,000 

Av heavy 486,525 339,220 95' 8,692 85,817 

Av mod’y heavy... 400,000 275,000 83' 8,132 83,325 

V S av freight 280,000 54.657 

U S av passenger. 250,000 36,225 

I’ S av electric, fit 288,000 
U S av electric, pass 362,000 


Choice of a locomotiv will depend upon the service re- 
quirements, and will be limited by clearances of bridges, 
tunnels, etc, strength of bridges, and wt of rail, this last 
being taken into account on the assumption that each 10 
Ibs/yd of rail will carry a load of 3,000 lbs on each wheel; 
which, for rails weighing 90 to 100 lbs /yd, permits loads 
of 50,000 to 60,000 lbs per pair of driving wheels. 

Mileage. The following figures arc taken and deduced 
from Ann’l Report on the Statistics of Rys in the U S, tor 
1935, Interstate Commerce Commission; — 


Locomotiv Mileage 

Passenger Freight Other Kinds 

Total Mileage 446,148,156 344,745,112 37,711,637 

Number of locos 7,983 27,462 10,169 

Mileage per loco 

per year 55,887 12,553 37,084 

per day 153.1 34.4 101.6 



CARS. 


1053 


7». To aMcertain the niieed of a train or other vehicle, on 
which one is riding, by counting any known equal spaces, 
such as rail lengths, dists betw telegraf poles, or revs of a 
wheel, past in a given time. Rail lengths may often be 
counted by the sound of the wheels passing over the joints; 
wheel revs by any irregularity of the wheel. 

74. Let L = the length of one of the known equal spaces 
in ft; then 

Speed, in ft/sec - number of such lengths past in L secs. 

Speed in mi /hr = number of such lengths past in L X 
:i«00/r)2S0 secs, = L X 

With :{0-ft mils, the speed in mi/hr will be equal to the 
number of rail lengths traverst in 20.15 secs. 


CARS 

7."». Practically all American RR cai.s, except some ca- 
lioo.ses, ore and dump cars, arc built with two trucks each, 
I’lg 7, each truck having either two or three pans of wheels. 
!n a «>-viheeld truck, springs and equalizing levers distrib- 
ute tJie load equally, or nearly so, among the three axles. 
I’pon the pivots ol both trucks, rests a long iigid “under- 
iiaine” tor the tar body. This contains the dratt gear 
which takes the longitudinal stresses. The sides of the 
(ill's, so lar as practicable, are constructed as girders or 
1 Hisses. 

TO. Miiterlnl. Practically all new cars are constructed 
pmicijially of steel, especially the underfrarnes. Some wood 
may enter into the bodies of box and passenger cars. Alum- 
j'lum IS being used to a .small extent. 

77. Data. The following table gives approx max and 
nun wts, etc, of cars ordered in the U S in 19?>6. (Ky Age, 
’;!T Jail 2). Those of highest or lowest capacity were not 
nec’y those of greatest or least wt. 


Type Length Weight 

ot of Body Empty 

Car Feet Founds Capacity 

Pa.ss, Parlor, 

Bagg, Mail 

& B\pres.s.61 toSt^^ 57,100 10 189,000 21 to l.R) pass’rs 

Bo.x 40^^t()50% 35,200 to 53,000 80,000 to 100,000 lbs 

Gondola 24V^to65i^ 43,100 to 71,000 80,000 to 200.000 lbs 

Hopper 20 to 46 32,600 to 60,400 70,000 to 1 80,000 lbs 

Oie 20 42,375 150,000 lbs 

Flat 41 to 70 39,000 to 80,000 80,000 to 200,000 lbs 

Tank 29 to 43 34,200 to 75,500 30,000 to 140,000 lbs 


78. Freight cars. The following is from a table, publisht 
in Ry & Eng’g Rev, '12 Feb 10, compiled from data from 11 
large RRs owning over 450,000 freight cars, for a period of 
3 years; av age of all cars, abt 10 yrs. Each car is repaird 
on an av once a month at a cost of $6.26 each time. Av 
mileage per car per year, 10,400, which bring.s repairs to 
$0.007/car-mile. 

79. Paafienger ears. Av life abt 16 yrs., Av annual re- 
pairs, including painting, $300 to $700; for mail and express 
cars, $150 to $300. The wt ot a pas.s’r car will av fully ten 
times that of its full load of passengers. 

80. Dump «ara are of very varius design. They may 
dump either thru the bottom, thru one or more “hoppers” 
(usually transvers), or thru the sides, in, which case 
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either the sides lift up or swiiij? out, or else the sides remain prac* 
tlcally stationary while the eiitin' floor of the car is tilted, thus 
forming an opening under the side and producing a grade for the 
material to slide on. In the several makes of cars, various corn- 
id mil ions of swinging sides and bottom pieces make possible the 
delivery of material either between tlie rails, or at either or both 
sides of the track. Hopper bottom cars are ordinarily operated by 
hand, the doors or flaps being tript to open, and being closed by 
winding up of chains by means of cranks. Tilting-bottom cars 
are frequently operated by comprest air, and, in some cases, the 
control is quite elaborate, it being possible to tilt tlie entire load 
simultaneously either to the right or the left, or both right and 
h'fl from alternate cars, under the control of one operator at any 
point along the train. 



Scale of Feet 

9.. ..6 ip „ ^ 


Caboose Fig. 7. Ore Car 

81. Ore cars (see Fig 7) are made abnormally short, and of 
relatlvly small volumetric capacity, as longer cars are necessarily 
very inefficient in carrying ores, which are very much heavier than 
coal or other materials usually carried. 

82. Crane earn are used chiefly for clearing up wrecks, for 
excavation and earth handling generally, for shifting track, and 
for coaling locomotivs. 

83. Locomotiv omneH appear to he coming into high favor for 
these purposes. They can propel themselves promptly from place 
to place, 

84. Steam shovel cars, and pile drivers mounted on cars, 
are made In various styles by a number of mfrs. 

85. Ballast plows or spreaders are treated under “Track”, 

p810. 

86. Snow plovys are either plows properly so-called, which shove 

the snow from the track (to both sides for single track, and to 
the right for double track) ; or they are of the type, in 

which a large cutting wheel, at the front end. on a hor longitudinal 
axis, \a caused to revolv by powerful cnglns, often driven by a 
full-sized locomotiv boiler, and which disposes of the snow largely 
by virtue of the centrifugal force geneiated in the cutting-wheel. 
On steam roads the plow is forced into the snow by one or more 
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pushing locomotivs behind It; whereas, on eleotrk* street roads at 
least, tite plow or xweeper (which really sweeps and does not em- 
ploy centrif force) Is forced ahead by Its own power, the brooms 
being rotated by Independent motors. Some plows are so arranged 
that the deflecting surfaces may be forced outward by comprest 
air (when clearance Is sufBcient) and so throw the snow further 
from the track, and therefore with less chance of its returi . 

87. FlanjrerH are pieces, usually of sheet iron or steel, so shaped 
and arranged as to be lowered onto the rails directly in front of 
the wheels, to remove any few inches of snow or Ice that may be 
on the rail or along Its inner face. They are sometimes fitted to 
locomotivs, and usually to plows and “rotaries”. 

8S. rionruiice car** are designd for readily determining the 
proximity of objects along the road. The clearance cars hnllt by 
the I’ennsylvania and Baltimore & Ohio R R’s have mounted, over 
one of the trucks, a frame transversely of the car, the limits of 
which are somewhat less than the probable minimum clearances 
of the road. To this frame are altacht, by means of pivots, at 
intervals of about a half foot, movable arms, which project about 
two feet from the frame. Kach arm is provided with a scale, so 
graduated as to show directly the number of inches Inwardly that 
it may have been deflected from Its extreme position. The car is 
run along the track, at about 4 ml/hr, where various objects, as 
bridges, stations, tunnels, etc, are past; the arms are deflected 
until they clear, and the deflections are observed and noted. Cor- 
rections must of course he made, to provide for the degree of curv, 
if any. and for the distance between truck pivots of any oars to be 
opeiated over the track. In addition to the clearance frame, with 
its fingers, one of the trucks is so connected with a pointer and 
dial as to show directly the degree of curvature, while a pendulum, 
free to swing transversely, is so connected with another pointer 
and dial as to show directly the super-elevation of either rail. See 
aiso “Clearance”, U 25, 

89. Inapectlon and hand cam range, in elahornteness, from 
Blmpl<> trucks with geard hand-levers, up to the combination locomo- 
tiv and car, used by officials of the road. Many of these, how- 
ever. are now being driven by gasoline motors ; which, while requir- 
ing more skill to operate them than hand cars, can make very 
high speeds, and cun usually keep out of the way of trains Some 
are so built that their wheel.s and axles form a metallic circuit, 
which operates the automatic signals and so protects the car from 
trains on the same track but many of them have the wheels Insu- 
lated, and must therefore run under train orders from tower-men. 

90. Track recording cam. See under Track Laying and Main- 
tenance. p 821 

91. llynamometer cam. See under Train Resistance, 1| 66, 

etc, plOOT. 

02. In wrecking ontfltK there is usually a powerful steam crane 
car and a number of other cars, carrying miscellaneous equipment, 
and sleeping and dining facilities. They carry rails, ties and 
switch-parts, car-trucks, assorted screws, nuts and bolls; tools of 
many kinds ; hoisting equipment of pulley-blocks, chains, ropes, 
wire-cable, hooks, wooden blocking ; also powerful portable lights, 
fire extinguishers, linemen’s, outfits with teI<*fonp, emergency med- 
ical cases, car replacers, etc. 

03. Car rcplaccm are made in pairs, and are castings so formed 
with grooves or flanges that, when placed on the ties and adjacent 
to the rails, they will guide each pair of wheels back onto the 
rails as the car is forced along the track. They are often provided 
with lugs, to fit around, or to be forced into, a tie, and with 
notches, to receiv temporary spikes, to assist In holding them In 
place. 

04. Loading Htandards, as estaVfllaht by the Master Car BuUd< 
ers’ Assn, are given in a pamflet ohtainahle from the ^cretarj 
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Old Colony Bldg, Chicago, 111. The aim la, of course, to load the 
care as evenly as possible, to hold the load In place, and to provide 
for curve and inequality of track where the load extends over more 
than one oar. Where the load is long enough for two or more cars, 
It may be supported on two improvised pivots, one on the front 
and one on the rear car. If the material must be supported mid- 
way, metal bearing plates are provided to permit of easy sidewise 
sliding. Where more than two cars must be used, the extra car 
usually takes no load and acts merely as a spacer. Some loads of 
three-car lengths, as plate girders, may be loaded entirely on the 
central one of three cars, the other two being spacers. Piles of 
lath, barrels, pipe, shingles, etc, must all be suitably held in place 
by side verticals and ladings, etc. 


TRAIN RESISTANCE 

OKNERAL. 

1. The forces (or force components) acting upon a train in a 
direction parallel with the track, may be classltied as 

(a) “moving” forces; tending to start or accelerate the train; 

(b) resistances ; tending to hold or to retard the train. 

8 . Locomotiv trnctiv force, gravity, wind and inertia may act 
either as moving forces (a), or as resistances (b), according to cir- 
cumstances ; but friction (external and internal) curvature and 
•till air necessarily exert resuttancea (b)*. 

3. In any given case, the train resistance, F, is the sum of the 
resistances acting In that case. 

4 . The tractlv force, exerted, bv the steam, thru the loco, has to 
move the loco and tender, as well as the cars; but often the “re- 
sistance” is taken as that of the cars alone, or that which opposes 
the pull of the draw*6ar behind the tender. 

5* Components of train reHlatance. Let 
Fm =: normal res = the total res upon a straight level track, 
train at rest or at uniform speed, in still air, and at 
normal temperatures 

= the res to which every train Is necessarily subject ; 

F$ = grade resistance ; 

Ft = curv resistance ; I Incidental 

Fm s Wind resistance ; f resistances 

Fi s Inertia resistance, due to velocity changes. J 
Then, for the total resistance, we have : — 

F - F» + F, -f Fr + F*. + Fi (1) 

d. Unit Resistance, Let W - the weight of the train. 
Then the quotient, f = F/W. is the resistance per unit of 
wtight, or unit res. Similarly, f«, fe, etc., denote the nnlt grade 
res, curv res, etc., respectively. Any resistance may be exprest in 
terms of an equivalent grade. See f 8S. 
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NORMAL RESISTANCE 

7. The normal resigtance, fn, Is the resistance, per unit of weight, 
on a straight, level track, at uniform speed, In still air. Of the 
total resistance, it Is that portion to which every moving train is 
always necessarily subject. For incidental resistances, see H 31, 
etc. 

Component* of Normal Train Resistance, /n ; 

8 . (a) friction betw the rail-heads and the treads and flanges of 

wheels ; 

(b) resist due to undulation of track under a moving train; 

(c) internal friction of cars and locomotiv; 

(d) resistance of still air. 

Friction between wheels and rail-heads. 

9. When the wheel-flanges run clear of the rail-heads, we have, 
normally, betw rails and wheel-treads, only rolling fric (see p 414, 
H 193) ; and this is small in amount where track and rolling stock 
are in good order ; but the sliding fric, betw rail-heads and wheel- 
flanges, may be of considerable amount, especially where there ir 
oscillation or side wind, (see I 44), and is often accompanied by 
lateral sliding of the treads on the heads. On curvs, the two rails 
are of different lengths, and we have longitudinal fric betw tread 
and head. The condition^ vary so greatly, on different roads, and 
from moment to moment with the same train, that it Is Impractlca- 
Me to establish useful rules for this item, or for the next 

10. Resistance due to undulation of track under a moving 
train Is of course greatest on yielding rails and roadway, 

11. The Internal friction of rolling stock consists chiefly 
(that of locomotlvs partly) of journal friction. Its value, in 
pounds per ton, is 

fi = 2000 cd/D (2) 

where c =: the fric coef of the journal rotating in its bearing, 
d - the journal diam, and D = the wheel diam. This as- 
sumes 0/U constant; and, in practice, an average value of d/D 
may usually he estimated for a train, 

12. Journal and rolling resistances combined. It is difficult 
to deteiTuin these, independently of the other normal resistances. 
Experiments, made for the purpose, appear to have been unreliable. 
From coasting experiments, Wellington deduced 4 to 6 lbs per ton 
of 2000 lbs. 

13. In locomotivs, (Am Loco Co., Bulletin 1001, Peb. 1910), the 
friction of driving wheels, pistons, valvs, crossbeads, etc., is taken 
at 22.2 lbs per 2000 lbs of wt on drivers. Journal friction, of loco 
truck and trailing wheels, and of tender wheels, is taken as equal 
to that for cars. 

14. Normal air resUtancet Fa. Air res in still air. (Seealao 
wind res, Fv, ii 44). The evidence is highly conflicting. Prof. W 
F. M- Goss, Western Ry Club Procs, 1898, April 26, p 347 ; r^orta 
expts made in a large closed rectangular conduit, in which air 
currents of known velocities impinged directly upon the front ends 
of flxt trains of from 1 to 25 model cars, about 8.5 Ins wide, 4.5 
ins high, 12 ins long, each connected, by dynamometer, with a flat 
base. Prof, (ioss derives the following formulas, in which It is 
assumed that the linear dimensions of the actual rolling stock are 
32 times those of the models on each linear dimension; that 
freight cars are 33 ft long,, and passr cars 66 ft. 
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Let 

Fa — total atmospheric resistance on actual train, in lbs; 

y velocity, in miles per hour ; 

L length, in feet, of any train, including loco & tender; 

2 = length, in feet, of any train, excluding loco & tender ; 

then, for the entire train : Fa — 0.0003 (L + 347) . 

for cars alone : Fa = 0 0003 (2 -f 53) V" (4) 

for loco & tender ; Fa = 0.i;25 V* (5) 



Prof. Goss regards these formulas as giving results varying not 
more than 15 to 20 per cent from the truth in practice. 

Unit air resistance, fo, = Fa/W, where W = weight of 
train In tons of 2000 lbs. 

15. Air resistance is increast hy ftpnees between cars, by open 
side doors of box cars, and by differences in heights of cars, as 
where flat and box cars alternate in position In a train. “It pays 
in coal to incur some trouble and delay in putting box cars 
together. That also enables the brakeman to get along the train 
more rapidly.” (Angus Sinclair, “I^ocomotive Engine Running 
and Management”, 1891, p 375.) 

le. Head air resistance of locomotiv is assumed as 0.002 T*l; 
where V = vel, In miles per hour, A = cross-section area of 
locomotiv, usually taken at 120 sq ft Am Loco Co Bulletin 1001. 
1910, Feb. 

Factors affecting normal resistance. 

Starting. 

17. When starting a train (see Fig 1), the value of U is much 
higher than when running. Starting may be facilitated by backing 
ap suflSciently to slacken the couplings, so that the train is started 
»ne car at a time. 

18. A. C. Dennis* Am Soc C E, Trans Jun 1903, Vol 50, p 1, 
lound that, “after the train has stood for some time, the resist* 
inces are abt 2 Ibs/ton above the normal until the train has been 
•un enough to get the journals well lubricated and warmd." 

19. A. K» Shnrtleff* Am Ry Eng & M of W Assn, Bulletin 84, 
Teb 1907, pp98, etc., found that, above the freezing pt, the ay 
relght train can be started, on a level, with a draw-bar pull of 18 
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lbs per ton of 20()() lbs : but freezing weiitlier, or careless starting 
may Increase this to 25 or HO lbs per ton. On the other hano, 
“where a stop was but for an instant, trains were started with 6 
lbs. per ton draw-bar pull.” 


Runnlni?. 


20. niTcct of distance run. With Increase of (list run, after a 
stop, the journals become warmd, their lubrication improves, and 
the resistance is thus dlminisht. During the lirst mile or two of a 
run, even with uniform speed and constant air temp, the normal 
resistance, U, may l>e as much as 50% above the min, which is not 
n^acht until the train has run about 8 or 10 miles in warm weather, 
and about H5 miles In cold weather. With heavy cars and high 
speeds, the dist required for reaching min fn, is less than with light 
cars and low speeds ; the wt on the journals and increast speed 
aiding in tlie heating of the journals and in the consequent lique- 
, faction and distribution of the lubricant. (I’rof. Edw. C. Schmidt, 
Central Uy Club; Ily Age Gazette, 1912 Jan 12.) 

21. Increase of Speed. Pig 1. The high normal res, experi- 
enced in starting, decreases very rapidly as the speed increases to 
say 5 miles per hour. From say 5 or 10 to 30 or 35 miles per hour 
(embracing usual freight train speeds) fn increases slightly, and 
then more rapidly with further speed increase. 

Fig 1 shows curvs of fn according to experiments and fo^rmulas, 
as follows : — 

Kxi»erijiienta. 


22. A. C. Dennis, 1902. Am Soc C E, Trans, 1903 June, Vol 
50, p 1. Total run, over 3000 miles. Curvs A and B-C. Runs 
made with 


(A), 105 empty box cars, track frozen solid, rail good; 
iB), 47 loaded box cars, track frozen solid, rail good; 

net/tare = 2 ; 

(C), 52 loaded box cars, track soft; net/tare = 63/27. 

Results (5) and (C) practically identical. 


23. T^he resistances (compAisated for velocity changes, see jfH 45- 
52) seemed to be “greater than normal when increasing the speed, 
and less when decreasing”. By coasting tests, locomotlv res, per 
unit of wt, was found to be about equal to that of empty cars. 

24. Max H. WIekhorst, 1900, on the Chtengo, Burlington & 

Q^uiney R. R., between Chicago and Burlington, 111. (206 miles). 

Eng News, 1901, Oct 31. Five runs, with dynamometer car, 2 
baggage and 2 mail cars ; 3 runs loaded, 180 tons, av 55 mi/hr ; 
two runs light, 160 tons, av 27.5 mi/hr. Mean temp, 70 Pahr; 
wind very light. Very numerous observations. The two curvs 
show, respectivly, the approx maxima and minima 

25. Prof. Edward C. Schmidt, 1910, University of Illinois Bul- 
letin Vol VI, No 39. Very elaborate tests of 32 ordinary freight 
trains, wts 747 to 2908 tons per train, 26 to 89 ears per train, 
averaging from abt 15 to 70 tons per car; over av track, in 
condition; air temp from 34’ to 82’ Fahr. See three selected 
curvs, Fig 1 ; vels from 5 to 40 rai/hr. 


Formulas. 

26. American Tiocomotlve Co. Bulletin 1001, 1910 Feb, p 10 i 
R. R. Age Gaz, 1909, Sep 10, p 455 : 

fn = 5.4 4- 0.002 (Y - 15)* -1- 100/(Y -j 2)* (6) 

in which V = vel in mi/hr, 

27 T C Crawford, Eng News, 1901, Oct 31. Based upon 
Wickhorst^’c, B & d expts, H 24. For vels betw 25 and 75 mi/hr. 

fn = 2.5 -f Y*/468 ’= 2.5 + 0.0021 Y* (7) 

•>s iiniiiwin Locomotive Works, stralght-llne formula, R B 
Gaz l”)9 Mar 17. Based upon expts on Phila & Reading system, 
brtw Camden ana Atlantic City, 55.5 miles without stops. 

= 3 + r/6 = s + 0.167 7. (8) 
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Cold. 

20. The American Locomotive Co. (Bulletin 1001, 1910 Feb.) 
lakes the following reductions from the tonnage hauld at normal 
emps ; — 

Temperature, Fahr. Deduct 

45“ to 8 per cent 

25“ to 0“ 16 “ “ 

Below 0“ 25 “ “ 



Flar. 2. 


Effect of weif^htH of earn. 

30. FIs 2 shows the effect of weight of freight cars, and, inci- 
jn tally, to some extent, of velocity, upon the normal resistance, 
; as follows : — 

C B & Q expts, E R Age Gaz, 1909, Aug 27, Sep 3 ; 

Prof. Edward C. Schmidt, expts, Illinois Central R R. See also 
25. 

The dotted curv represents the formula of A. K. Shurtleff, Am 
y Eng & M W Assn, Bulletin 84, Feb 1907, p 99 

fn = 1 + OO/C (9) 

here (7 = av weight of loaded car, in tons of 2000 lbs. This 
^rmula is based upon oxpts on two railroad systems. Total runs, 
?er 3000 miles, 19 to 41 tons per car. Track varied from “mud 
illast, wdth medium line and surface, to first class track, well bal- 

sted, with good line and surface from valley lines to moun- 

Lin lines and grades.’’ Temp from 0“ -to 60" Fahr. 

IJfCIDEJfTAL RESISTANCES. See H 5. 

31. In addition to the normal train res, we must usually take 
ccount of the incidental resistances : 

F$, due to grades ; Fw, due to wind ; 

Fo, “ ** curvature ; F<, “ “ Inertia. 

Grade Resistance 

32. On any grade, let o x= the angle with the horlzontaL 
hen, for the res, parallel with the slope, necessary to prevent 
lovement of a wt, dow’n the slope ; we have ; — 

• = TF sino; and, since f$ = Ft/W ; ft = 


sin a (10) 
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But, except on very steep railroads, the slope is so slight that, 
approx, sine = tana. Therefore, if L = the hor dist betw 
two points, and h — their dlfl of elev ; we have ; — 

F, = W tano, and U = tana = h/L (11) 


33. The equivalent anrade* is that grade which will produce 
the same tendency along tiie track as that due to a given resis- 
tance ; or that grade where the tendency to slide downward is Just 
balanced by the given res. Hence, any unit res, /, = F/PT, may 

be exprest as a grade. For various conversions, see Fig. 3. 



Grade iPer cent; Ft. per 100/t.; Hundreds offset per mxle; or Degrees.) 

Figr. 3. 


54, Units of grade resistance. Let 
ft — grade, in feet per 100 feet; 
S = grade, in feet per mile = 


52.80 *. 


35. Then, for the Krade resistance, in lbs per Ion of 2000 lbs, 
we have;— ^ ^ (12) 

and, for any unit resistance, /, due to any cause, we have; — 

equivalent Krade, in ft per 100 ft, = f/20 (13) 


Ruling grades ; see “Operation Cost”, p 1084. 
Momentum grades ; see p 1070, 40. 

Work done and lost on grades ; see p 1075, 11 30. 
Effect of Length of Grade on Tractiv Force; see p 


1070, II 37. 


Curv Resistance. 

36. At any point on a curv, an axle, with fixt cylindrical wheels 
of equal dlams, tends to travel forward in a direction perp to itself 
and tangential to the center line of the track, remaining parallel 
with Itself, Hence, the flange of the outer front wheel tends to 
press outwardly against the head of the outer rail, causing sliding 
friction betw the sides of flange and of rail head ; and this fric 
opposes the rotation of the wheel. Moreover, the head of the outer 
ran, by its hor reaction upon the wheel flange, pushes the outer 
wheel (with its axle and mate wheel) toward the cen of the curv, 
compelling both wheels to slide laterally across their respectiv rail 
heads, and thus causing sliding fric betw wheel tread and top of 
rail head. This, of course, is combined (according to the resolution 
of motions and forces) with any longitudinal slipping, as it takei 
place; (fl 37). 
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All this is notably the case with the first wheels of a car or 
train. On the following trucks, the dimction of the traction coin- 
cides, iU each truck, with a cUord to a portion of the cnrv ; and 
thus tends to reduce the pres of said following trucks against the 
outer rail. 

S7. .^gain, the axles must l)e mnstantlv swimg, horl/ontally, 
from positions parallel with themselves, and forced Into positions 
more nearly radial to the curv ; and this requires that one or the 
other wheel, or both wheels, must lx* slid, longitudinally of the 
track. See also Corrugation, under "Track”, p 703, H ill, 

38. In order to obviate or diminish the resistances thus eausd, 
the wheel treads are "coned”. See Rolling Stock, p lO^O, 11. 

39. Tlie resistance, Fr. due to curvature, is influenced by many 
circumstances ; such as diam of wheels, tightness of gage, shape of 
wheel treads (whether moi\‘ or less conical), lengths of rigid wheel 
bases (see (I 43), kind of coupling, condition of track, elev of outer 
rail, length of train (affecting obliquity of traction: See end of 
B 30). 

40. Unit curv rcMlstance is usually taken as varying, other 
things e^ual, directly with the sharpness of curvature ; or, for 
curv resistance, in lbs per 2000 lbs, on a 1>° curv. — 

fo Dh (14) 

where D = sharpness of curvature, in degrees ; 

/i = the curv res, in lbs per 2000 lbs, on a 1“ curv. 

41. fi la usually taken as varying, (with character and condl 
tlon of track and of rolling stock,) between 0.5 and 1.5 lbs per 2000 
lbs. In compensating for curvature, on grades, (see p 1078, 1151), 
it Is usual to allow betw 0.0 and 0.8 lbs per ton. See Fig 4. 

43. Flu 4 shows the unit curv res, fc, by Eq (14), in various 
units, corresponding to sharpnesses from 0® to 20®, and for values 
of fx from 0.5 to 1.5. The dotted radial line gives, for diff degrees 
of sharpness, the sweep, in degrees, of a mile of curvd line of 
given sliarpness ; and the dotted curv gives the ft of line per degree 
of sweep. 

Feet per degree of sweep = 100/D (15) 

Degrees of sweep per mile = 5280 D/100 .... (16) 

These two dotted diagrams represent purely geometrical conditions, 
without regard to rcHietance. 

43. Effect of Ieni;;tli of vvheel-basie. Prof. Wm. Gi, Raymond, 
R R Gaz, 1906, Aug 17, makes the curv resistance, 

fc = 0.4 + D(0.20<5 + 0.035 D) (17) 

where D = sharpness of curvature, In degrees, 
and B — length of wheel-base, In feet. 

43a. Effect of velocity. It is probable that curv resistance, fi, 
per degree of sharpness, (like normal res), varies with velocity, 
somewhat as Indicated by Fig 1. In other words, we may expect 
to find It (1) high at very low speeds (because the value of the 
fric then approaches that of static fric), (2) falling to a min at 
moderate speeds, and (3) increasing again at higher speeds. 

Wind resistance, fw. 

For normal resistance, /a, due to still air, see H 14. 

44. Head winds of course oppose, and winds in the opposlt direc- 
tioa assist, the forward movements of trains; and side winds, by 
forcing the wheel flanges against the rail heads, increase the re- 
sists ; but little is known as to the extent of these influences ; and, 
as their exertion cannot he controlled or foreseen, their effect is 
piactically Incalculable. A margin must nevertheless he made for 
them, according to iudgment, in estimating the ability of eiigins to 
move given loads under given conditions. Where the vel of head 
wind, or of tall wind, can be estimated, the vel of head wind may 
be added to, aw) that of tail wind subtracted from, the train vel, 
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and tbe sum or diff used in connection with 14. For “heavy 
winds”, the Am Loco Co deducts 8% from the tonnage hauld in 
still air. Bulletin 1001, 1910, Feb. See also two C B & Q dia- 
grams in l^g 2. 

Inertia. 

45. To accelerate a train requires a “moving force” ; and to re- 
tard it requires a resistance. Conversely, a train, undergoing accel, 
may be said to offer a res, due to inertia ; and one being retarded 
may be said to exert a force, due to inertia. In order to compute 
the total train res, when vel Is being changed, we must include the 
res due to inertia; and, for this, we must know or assume the 
weight, and either (a> the rate of accel, or (b) the vel, and the 
dlst within which a given vel change takes place. 



Fig. 4. 


46« (a) When a weight falls freely, the accel of vel, due to tha 
force, W, of gravity, is p = 32.2 ft per sec per sec ; and the 

accel. A, of any given body, is directly proportional to the unbal- 
anced force, Fi, acting upon it; or {j/\ = W/h. Hence, for 
the force or res, Ft, due to inertia, and producing an accel or a 
retardation, A, we have ; — 

W 

Fi - ^ A M A (18) 

iJ 

where M = W/g — the mass of the body. 

(b) I.et a car move on a horizontal track, and lot 
TV = the car’s weight; M — W/g =■ the cars masa; 

F = the car’s velocity ; ' 

Fi — the unbalanced hor force, acting upon the car; 

L n the dist, and T — the time, within which Fi 

can produce or destroy F; 

K = the car’s kinetic energy = Fi L = the corrfr 
spending work. 
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Then (Mechanics, pp 343, etc., Art. 19) 

K - 3f)'V2 = FiL: (19) 

and 

MV 2 y 

Fi = K/L = M~ - MA ...(29) 

Vi TV T 

47. Vala««. The following may be taken as indicating the range 
of accelerations, A, and of values of fi, to be expected in practice. 

A = acceleration in ft/sec/sec =r 0.0161 U 

fi = force in lbs per 2000 lbs = 62.1 A 

Starting accelerations ; 

Accelerometer tests by Harry Egerton Wimperis, 

England ; Mins Proc Inst C E, 1911-12, Part II, 
plate 8. 

Electric multiple-unit trains, when leaving stations. A fi 
Average 1.5 93.2 

Maximum 2.5 155.8 


Steam train 0.5 31.0 

A single bevy American loco, pulling a train of only 
two passenger cars, may be expected to attain 

(up to moderate vels) 1.0 62.1 

Braking retardation ; 

Electric and steam trains, England 4.0 248.4 


to 4.5 279.4 

Various types of modern high-speed Westlnghouse air 

brakes. Vels 25 to 50 ml/hr* Pennsylvania R R 3.0 186.3 

maximum (just before stopping) 8.0 496^8 

Assuming friction coeff , c, = 0.2 lb /lb ; 

A = 2000 X 0.0161c = 32.2 c = gc: 

and assuming all brakes correctly adjusted ... 0.4 397.4 

With very light trains for suburban service, where high accels 
are essential, the forces or resists, needed to overcome inertia, may 
greatly exceed all the other forces or resists. 


Rotational Inertia. 


48. In addition to the Inertia due to motion of the car, as a 
whole, along the track, we have, in the revolving wheels and axles, 
an odditional.lnertla, due to their rotation alone; and, like fbe lin 
ear inertia of the car, this rotational inertia of the wheels and 
axles exerts a resistance during acceleration, and a ‘‘moving force” 
during retardation. We here have to take account of the gyration 
radius (p 352) of the rotating parts. This is less than the wheel- 
tread radius. 


Let 

R = wheel-tread radius; 

V = rectilinear car velocity 

= rotational vel of point 
on wheel-tread about 
wheel axis; 

1 = corresponding acceler- 

ation ; 

K = car energy; 

Ft = hor force, applied at, 
and normal to, wheel 
axis, and producing 


r = gyration radius of ro- 
tating parts ; 

V = rotational vel of point 
at end of r; 


a = corresponding rotational 
accel ; 

k = rotational energy of 
wheels, etc. ; 

Fr rr tangential force, at end 
of r, producing a ; 


F» zz hor force, at axis, pro* 
ducing a; 
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W = car weight; vo = weight of rotating 

parts ; 

M = car mass = W/g. m = mass of rotating parts 

= to/p. 


Then 

(since V/v 

= A/a 

= 

R/r) we 

have :■ — 


k = 


k 

m 

in r* 

m / 


A rr 

% AF2; 

A 

M V2 

~ M R* 

- « 1 

r) 

Fa — 

r 

Fr— = 

R 

r 

m a — 

R 

Fi = 

M A; 

Ft = 

m a; 

Fa 

mar 

m r* 

m / r 

V = 

k 

• (21) 

Fi ~ 

MAR ~ 

MR* ~ 

A \r 

/ 

A 



49. Because the masses of the axles lie close to their axes of 
rotation, their rotational inertia is so small that it is commonly 
neglected. But car wheels and electric motors are of considerable 
wt and dlam, and their rotational Inertia forms a material portion 
of the total car Inertia. 

50. Values. In ordinary car wheels, r/R, ( = v/V), is usually 
about 0.7, varying somewhat with wheel design ; and the ratio, 
w/W, betw the wt, to, of the wheels, and the total wt, W, of cai 
and load, varies (chiefly with the extent to which the car If 
loaded), usually betw 0.17 and 0.06. 

k m r2 

Hence, — = , may be expected to range from 

* K MR^ 

0.72X0.17 to 0.7= X 0.06, or say from 0.085 to 0.03; or, as an 
average, say k/K = 0.05 ; and K 1- k =: 1.05 A'. 

51. As determined by the Westinghouse Mfg. Co., and as com- 
puted from data furnisht by the General Electric (^o, k/K, in elec- 
tric motors, varies betw wide limits. In general, however, It lies betw 
0.05 and 6.15 for av street and interurban cars, neglecting the 
wheels and gears, for which, in such cars, k/K appears to be about 
0 . 10 . 

With electric locomotive, the range is much wider; certain gear* 
less electric locos having k/K less than 0.10, including wheels ; 
while In other low-geared freight locos, k/K may be as high as 0.60. 


Velocity Head. 


62. Let 


H = y2/2p = head due to hor vel of car; 
h = v*/2g = head due to curvilinear vel of point at end of 
gyration radios, r. 

For a given mass, k/H = k/K. Hence, taking k/K = 0.05, 
c/t K + k = 1.06 A, we would have, 

if -f h = 1.05 ff. 

FVom eq (20), 1146, substituting (A + fc) = 1.05 A, for A, 

we have: — 


Fi 

fi 


1.05 K/L. Hence, Ft — 1.05 W H/L ; and 

2000^ 2100 A _ 2100 

W * " L “ 2 p L ’ 


where V = hor vel of car, In ft per sec = (1.466..) X Fm, 

where Vm = vel in miles per hour. Hence, we have: — 

fi = 70.15 F«VL (22) 
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SUMMARY. 

53. Pig 5 gives a general view of the relations betw the normal 
resistance, fn, and the three calculaole incidental resists, f$, fc and 
fi, due to grades, to curvature, anu to velocity increases, respec- 
tively. 

The V scale refers only to the /« and fi diagrams; while the » 
ind D scales refer to the f» and fe diagrams respectively. 

Note that the right hand vertical scale relates to the fo diagram 
only. 

The fn diagram represents the Am Loco Co formula o-f Eq (6), 
II 20 

100 . 

fn = n.4 + 0.002(y - 15)» + , 

iV + 2)* 

where V = speed in miles per hour. 

The f» diagram represents eq (12), H 

fs = 20 8, 

where s = grade in ft per 100 ft. 

The fc diagram represents eq (14), if 40, 
fe — D/i, 

where D = degree of sharpness, and h = O.8. 



54. The several fi curvs represent the sum of linear and rota- 
tional inertia resists, where sura = l.Oli x linear res, and L = 
the diet, in ft, in which the vel change is effected. In using these 
curvs, it is necessary to take out the two resists, one for the 
initial and one for the final vel (each for the dist L in question). 
Then, Inertia res = difference only betw these two resists, each 
of which, alone, represents the res when one of the vels Is zero, 
fi = 70.15 eq (22), 1152. 


TRAIN RESIST ANOK. 


;067 


55. Bxample. Let the wt, W, of train be 1500 tons; the up- 
erade. = 0.05 ft per 100 ft ; the curv sharpness, D = 3" ; 
and let the vel, V, be increast, in a dist, L, of 10,000 ft, from 30 to 
40 mi/hr; (mean vel, 35 mi/hr). 

Then, from Fig 5, we have lbs per ton 

Normal resistance, fn. Am Loco Co (F v: ;ir« mi/hr) 0.2 

(irade " i 0 X 0 0.5) 1.0 

Curv “ fc { = 0.8 X 3) 2.4 

Inertia " ft ( = 11.2 — 0.3) 4.9 

Total unit resistance, f, 14.5 


Total resistance, F - fW = 14.5 X 1500 = 21,750 lbs 
Of which there are due 

to uniform-speed resistances 9.0 X 1500 = 14,400 lbs. 
to speed-increase “ 4.9 X 150t> 7,350 lbs. 


DYNAMOMETER CARS 

56. The chief function of a dynamometer car is to measure 
(and record) the tractiv effort. The dyn car is placed l>etw the 
loco tender and the first car of the train, and the amount of the 
pull upon its draw-bar then indicates the tractiv effort exerted 
upon the train exclusiv of the tender. 

57. Recorder. The car is usually fitted with apparatus for 
grafically recording oir plotting the various data to be obtaind. 
This apparatus consists essentially of a large table or frame, fitted 
up in the car, with a long continuous strip or band of paper, to 
receiv the record. This band is caused to move longitudinally 
over the table and under a number of pencils or pens, each of 
wLich is capable of more or less lateral movement across the paper. 

The movement of the paper may be made proportional either 
to the dist traveld along the track, or to the time consumed. If 
the movement of the paper is to be proportional to distance traveld, 
the drum, onto which the paper is wound, or which drives it, is 
usually geard to an axle, left without brakes, since braking might 
cause the wheels to slide. The gearing is preferably so arranged 
that the paper will move in only one direction, whether the car 
moves forward or hack, as otherwise the records would overlap 
when backing up and moving ahead again If the movement of the 
paper is to be proportional to time, the winding drum may be 
operated by powerful clock-work, or by a well-constructed fan move- 
ment such as that used for the striking action of a clock, or by 
means of magnets operated by electric contacts made at close 
intervals by a clock. 

58. Pens. The lateral movements of the several pens or pencils 
are controld. sometimes by electro-magnets, and sometimes by me- 
chanical connections of various kinds, as may be convenient or 
appropriate. 

59. The draw-bar pull was formerly measured by means of a 
mechanism similar to a weighing scale laid upon its side, so t® 
measure horizontal instead of vert forces. It is the general practice 
now, however, to have the draw-bar connected directly with a 
piston, sliding in a strong cylinder containing oil. A pipe leads 
from this cyl to a smaller cyi pfnced at the recording apparatua, 
and fitted with a piston and spring, as in the ordinary steam- 
engln “indicator.” This then records directly upon the paper, by 
moving its pen more or less to one side, depending upon the force 
transmitted thru the oil, from the draw-bar. Another meth(^ 
makes an “Indicator” of the main draw-bar cylinder, by fitting it 
with accurate but heavy springs, and bv directly transmitting Its 
movement mechanically to the pen of the recorder. Using either 
method, leakage of oil past the piston in the cyl must be compeu- 
BUted. This Is usually done by means of a special pump. 
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60. Acceleration. Accelerometers usually depend upon the fot 
ward or backward deflection of a pendulum or other eccentrically 
tnspended mass, under the force due to acceleration or retardation. 
Difficulty has been experienced in preventing violent and misleading 
oscillations without unduly delaying or restricting the motion. The 
Wimperis accelerometer, Mins Proc Inst C E (England), 

Fart II, p 420, appears to give good results, the motions of the 
masses being dampt magnetically. Mr. Wilfred Lewis, of Phila- 
delphia, has used an instrument similar to the common leveling 
tube ; and the behavior of the bubble seems fairly satisfactory ; but 
this device can make no record. Another instrument, experimented 
with by the Trautwlne Company, cannot possibly over-indlcate, no 
matter how sudden the changes of accelerating force.. The appa- 
ratus (carried on the car) depends upon the constant dropping of 
a stream of particles, such as sand, steel balls, or drops of water, 
from a given point in the apparatus, thru a given height, onto a 
scale placed at the bottom of the apparatus and lying in the direc- 
tion in which the accel is to be measured. The particles are releast 
in rapid succession, and each particle, falling freely, must continue 
falling with the hoir vel it had when releast. Therefore, any change 
of vel of the car, which occurs during the fall of any particle, shifts 
the scale under it more or less, so that the particle falls upon the 
scale at a neater or less distance from the zero (which is Imme- 
diately under the point from which the particles are releast), in 
direct proportion to the av accel during the time of falling. 

61. Strictly speaking, an accelerometer can measure acceleration 
only when running on a level. With a train on a grade, the effect 
of the grade increases or diminishes the indications, and, unless 
correction can be made for this, the indication of accel is corre- 
spondingly misleading. On a car or train running without power 
or brakes (on any grade), an accelerometer’s indications become a 
measure of the total remiance of the car, or train, as a whole. 

62. Lateral forces, due to curvs or inequalities in the track, 
are frequently measured by an accelerometer placed at right angles 
to the track, especially on test cars. 

63. Time should be recorded when the movement of the paper is 
proportional to the dlst traverst, and a time record Is useful even 
when the paper is moved at a time-rate. It is usually made by a 
pen deflected by an electro-magnet actuated once every five seconds 
V contacts in a clock. 

64. Distance should be recorded if the paper is made to travel 
at a time-rate, and a dist record is useful even when the paper Is 
moved in proportion to the distance. It Is made by a pen, deflected 
by an electro-magnet, or by gearing from the wheels, every time a 
certain dist has been traverst. In any case, dist is usually recorded 
also by an observer using a push-button by means of which be can 
deflect another pen upon the passage of each mile-post or other 
object. 

65. Speed may be deduced from the records of distance If the 
paper Is moved at a time-rate or vice versa. It is, however, prefer- 
ably plotted by a special pen, which, as the velocity changes, may 
be deflected from its datum line by mechanical connection with a 
device similar to a centrifugal governor, or by some other type of 
speed recorder; or the pen may be so arranged as to be drawn 
aside from the datum line by means of an electric contact or gear- 
ing from the wheels, proportionately with the dist traverst releast 
at the end of a given time interval, and allowd to fly back to the 
datum line, thus giving a record of average velocities for succes- 
siv short intervals of time. This last device should require no cali- 
brating. Using an additional reflnement only the stepping-up or 
counting mechanism returns to zero, while the pen rmnains at the 
point previously reacht, thus plotting a stept curv instead of a 
aeries of ordinates. 
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06. Air-brake operation ig usually recorded by a pen deflected 
by a piston in a small cylinder connected with the brake cyl of the 
car. 

07. Boiler pressure has been similarly recorded by means of a 
steam pipe connected with the loco. 

68. Wind velocity has been recorded (at least on the Univer- 
sity of Illinois Test Car) by the usual Weather Bureau Robinson 
cup-type aneroomjeter, making and breaking electric contact with 
every 0.2 mile of wind. 

09. Wind direction is recorded (on the same car) by mechan- 
ical connection with a wind-vane, whereby the deflection of the pen 
is kept = to the sine of the angle of the vane, right or left, while 
the forward or rearward position of the vane is indicated by an- 
other pen. 

70. Curva may be recorded by mechanical connection with one 
of the trucks. 

71. Miacellaneona data are largely recorded by hand, by means 
of push-buttons on the car or loco ; this method being used for such 
items as shovelfuls of coal put Into fire-box, opening and closing 
of fire-box door, opening and closing of throttle, position of reverse 
lever, etc. 
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TRAIN DYNAMICS 


GENERAL 

Tractiv Force* ReMlMtancen* Speed* Energy. 

1. The movements of a train are governd hv the exis^ng relation 
betw the tractiv force and the resistaneec. 'fliis relation is partly 
under the control of the englnman. See H 4. 

2. Tractiv Force. With a given loco, tractiv force (n 1050) la 
Increast by increast steam admission to the cylinders (as by in- 
creasing the boiler output or the throttle opening, or by delaying 
cut-olE), and by increasing the “adhesion” betw drivers and rails 
(as by sanding the rails). The tractiv force is diminisht by 
diminisht steam admission to the cylinders and by slipping betw 
the drivers and the rails. 

3. The reslstunce is Increast by the application of brakes or by 
reversing the loco engins ; and is diminisht by releasing the brakes. 

4. In practice* however, these opemtions are complicated by 
other phenomena. Thus, a material speed increase (as by increast 
steam admission to the cylinders) increases the difficulty of main- 
taining the Increast cyl pressures ; while, on the other hand, as a 
train slows down, it becomes easier to maintain said pressures. 

5. Again, under certain conditions (Resistance, pp 1057, etc.) 
the frictional and atmospheric resistances increase when the speed 
Increases. As a result of this, each grade has its limiting velocity, 
which cannot be exceeded by a descending train, left to itself upon 
such grade. See pp 1087-8, p 37-58. 

Effect of inertia. 

6. Bnergrr* When speed is being increast, kinetic energy Is being 
stored In the train, and such storage (except when produced by a 
down grade) requires additional work from the loco. When speed 
is being diminisht, the kinetic energy, already stored In the train, 
assists its forward motion 

7. For any change of speed, as from Vj to t'a, the change. In 
kinetic energy, is 


Vi® — V2^ I’l* — ro= 

W = m — — ; where 

2g 2 

IF =: the weight, and m = the mass, of the train ; and g = 
gravity acceleration, = say 32.2 ft per sec per sec. 

8. The virtual head or velocity head* = the height thru 
which a body must fall, in order to change its vel from to Vg, is 

- Vj* 

Jtv = . Hence, 

2g 

~ tj,a 

Change in kinetic energy = W = W hv. 

2g 

Where either Vi or Va = zero, we have, vel = v* and 
Energy change = W u=*/2 g — W hv. 
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GRADKS 

9. In considering the establishment of grades, their effect upon 
train velocities is of vital importance. 

Virtual Profile. 

JO. Virtual heudj virtual Krade; virtual profile. In Figs lo, 
\b and If, let AiiC...G be a given railroad profile; and, in 
each Fig, let a train, coming from the left, reach A with a vel of 
V ft per sec. Let A a represvut, by the scale of the actual nrofile, 
the corresi)onding or virtual head, hv — v"/‘2 g. For simplicity, 
we here neglect the rotational vel of the wh(>cls ; see p 1004. 
At other points, in either h'ig, erect ordinates. It h, 0 c, D d, etc, 
representing, by the same scale, the virtual heads at those points 
respectivly. Then, for the condition, see il 13, represented by either 
t'ig, a b c . . . £F is the virtual profile corresponding to the actual 
profile, ABC . . . G. 

11. Let 

T ~ the loco tractlv force parallel to the track 

F — the total or resultant resist “ “ 

t =: T — F = the resultant force “ “ 

— the force causing the accel ** “ 

F* = the gravity component “ 

Ft =: the nongravltutional resist “ “ 

("+” = with T; " = against T) “ “ 

ir = train weight acting vert downward 

(/ = gravity acceleration “ “ " 

12. As will be shown, the behavior of the train is govemd by 
the adjustment (partly within the control of the enginman) betw 
T, F, Fm and Ft. 


If T is 

F, is 

r + F, is 

Fr is 

' -T* 

F = 

f ( = r - F) = 


< F, 

F, - Fr 

T - (F. - Fr) 

= r - F. + Fr 

> F, 

_ 

-f 

— 

F. + Fr 

r — {Ft + Fr) 

zz T ^ Ft — Fr 


0 



Fr ~ 

T — Fr 

-- 

+ 

+ 


Fr - F, 

T ^ (Ft - Ft) 

= T + F, - Fr 


13. Fljcs la, lb and Ic represent three supposable and typical 
cases, as follows : — 

Fig Iff. T = Fr. Virtual profile horizontal ; 

Pig lb. T ~ F. “ “ parallel to actual profile; 

Fig Ic. Neither of the two foregoing conditions satisfied. 

14. Flic la. *<Frictlonlea« tratn.** We here assume that the 
tractiv force is maintalnd thruout equal to the non-gravitatlonal 
resistance; or T = Fr. The train is then mechanically in the 
condition of a frictionless body ; i. e., all vel changes are those due 
to gravity alone. 

15. Then, in passing from A to B, the train loses A* B in ele> 

ration, but gains an equal amount in virtual bead due to Increasft 
vel, making its total virtual head, ot B, hv = B b = BA' -f- h. 
Hence, the virt profile, a b, betw A and U, Is horizontal, as is also 
(in la) the virtual profile, a I for the entire line, 

A B assuming (as above) that T and Fr are maintained 
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jqual thruout This Is apt to be at l^east approx the case with 
lieht and fast passenger trains on short and moderate prades. 
Such a condition would continue indefinitely (assuming T main- 
tained = Fr), except that if, at any point, the actual grade, 

4 Q, rises to the level, a g, the train comes to rest, and 

cannot start again without increase of T over F. See H 21. 


16. FIk lb. Velocity uniform. If the tractiv force is main- 
tained equal to the total resistance (which includes the gravity com- 
ponent), i. e., if T = F = ± F. ± Fr; so that t = T ~ F = zero ; 
then the vel (and, consequently, the vel head, hr, represented 



by Aa, Bb, etc) remain conetant, and equal to 

“‘/I'a 

Ig,)^ T = Fr, and b o horizontal 

' if. |i*l« 1'6, ITfUJil case. lu general (and 

i(rt trains) the, relation betv T, adjusted 

<»»■« K i, 2, 3) to Bu(t eilatl^ conditions, tulflls neither 
tiheiCMii^UtiDna of , Big In nor those of Pig ).o. 
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18. In the assumed case, represented by Fig Ic^ we have: — 


In Fig Ic 



! Grade 



Section 




Tractiv 

virtual and 


1 actual virtual 

force, T 

actual grades 

A 

^ 

► 

- Fr - F 

parallel 

A - B 



A 

V 

divergent 

B - C 

> 


> Fr > F 

“ 

C - D 


> 

= Fr < F 

1 convergent 

D - E 



< Fr > F*\ 

1 

1 divergent 

E ^ P 


> 

A 

II 


F - 0 



> Fr < F 

convergent 

Q .... 



II 

1 ! 

parallel 


M = r - E) 
and 

acceleration 


+ 

+ 

+ 

+ 


In general ; Pigs 1«, ll», Ic, 


If the virtual 
grade is 

The tractiv 
force, T, is 

It the virtual 
and actual 
grades are 

The velocity 
is 

up 

> Fr 

divergent 

accelerated 

level 

= Ft 

parallel 

uniform 

1 

down 

< Fr 

convergent 

retarded 



coincident 

zero 


19. The dotted profile, f f g, in each of the three figures, repre- 
sents a case where, instead of proceeding continuously from F to O, 
the train stops, as at F’ ; i. e., the case where the vel becomes zero, 
and the two grades coincide. 

20. Different Profllea for different trains. Since trains differ 
as to speed, etc, each train may require its own separate virtual 
profile; thus. Fig la represents approximately the probable con- 
ditions for fast passenger trains; Fig lo those for freight trains, 
etc. 

21. The virtual profile shows the speeds, and the speed changes, 
which may be expected of a given train on a given profile. Thus, 
Pig la or Ic, if, at A, the vel were such that the vel head was 
only A a', the train would stall at D, provided the other conditions 
remaind as shown ; the virtual profile, a d, in that case, being 
simply lowered vertically and parallel with Itself, thru the diet 
ao' = dD. See 


•On a down grade, the total resistance, F, becomes Fr minus Pi 
(see 11 12) ; and may thus l)e very small, or zero, or even a minus 
quantity. Therefore the loco tractiv force, T, even if less than Pr, 
may yet be greater than the “total” resistance, P. 
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22. Head-grain. Fig Ic. In any given dist, as B C, the non* 
gravitational head-gain, hv, (or head-loss, as the case may be), 
represented by c* c, is directly proportional to the unbalanced 
non -gravitational force, fr ( = T — Ft or Fr — 'T), acting 
upon the train thruout that dist; and the ratio, betw said un- 
balanced force, tr, and the train weight, is equal to the ratio 
betw hv and the dist, L, represented by B C. In other words, 

tr hv hv 

W ~ L ' “ L ' 

23. Profile steepneHH menNureK force cxcchm. Fig Ic. Sim- 
ilarly, in the distance represented l)y A Ji, there iff an excess 
{=: tr — Fr — T) of non-gravitational resist over tractiv force; 
and the Increase in vel and in vel head is therefore less, in Fig 
\c, than in the same stretch, AB, in Fig la, where T = Fr. 
The corresponding loss, hv, of vel head. In A B, Fig Ic, as com- 
pared with Fig la, is represented by b' b. Here also 

tr = W , 

• L 

The steepness of any line in the virtual profile is thus a measure 
of the excess of tractiv force over non-gravitational resistance, or 
vice versa. 



The height to which a truir will ascend a grade. 

24. Fig 2. Suppose a train running, at uniform speed, on a 
level track, A B. Then t'the xpeed being uniform), we have, on 
AB, T = Fj or f ( = r — F) = zero (HIS); and {A B 
being level), we have; gravity component, F», = zero; and 
tractiv force, T ( = F) = Fr A- Ft = Fr 4* 0 = the 
Dongravitational reslstanc**, Fr 

25. At B, let this train encounter an sp-graae, B C; and let 

6 = the angle, ODD, lietwecn the grade, B C, and the hori- 

zontal ; 

t = T — F = net tractiv force 

= loco tractiv lorce minus total or resultant resistance ; 

W =r weight of train and loeomotiv ; 

F» — W sin ^ = the gravity component; 
g = gravity acceleration =: 32.2 ft per sec per sec ; 
i> = train velocity at B. 

26. Now, if, on the grade* BO (in spite of the addition of 
Ft to the resistance) T is so mnintaind that we have 

T > F (virtual grade, h d, diverging from actual grade, B 0), 
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then (see H 18) the vel Is accelerated, and accel = g t/W. 

If 

T — P, t = 0 (virtual grade, t;, parallel with actual grade, 
BC), then the vel is uniform (accel = !) t/W — /.ero). In either 
of these cases, tlie train ascends the grade indefliiitly. 

27. But if, on the grade, B C, we have 

1’ < P (virtual grade, ?> c, b c' ot h c", and actual grade, B 0, 
cunvf’/tging), 

then the vel is I'etarded, with negatlv accel — g t/W, and 
the unbalanced retarding force,' — t — T — F, brings the train to 
rest 

in a lieight, he, hr' or he", and 
in a dist, /ir/sin 6, hc'/&\n 6, oi he"/filn 0. 
determined as follows ; — 

28. ( 1 ) if, on the grade, B C, we have 

T (< P) = Pr (virtual grade, be, horizontal), 
then the train (see (I 14) moves under the action of the gravity 
component, t =: Fa = W sin alone, with neg accel =: — gt/W = 
-- g W sin 6/W = -- g sin 6. IJeiice, the iinlmlanccd retarding force. 
~~ t ~ F» = sin 0, brings the train to iTst 
in a height, he = v-/'Jg, and 

in a dist, B c — hr/niii 0. 

29. (2) But if, on the grade, BC, we have either 

(a) T ( < P) > Ff (virtual grade, bc\ ascending), or 

(h) T ( < P) < Fr ( “ “ h c", descending) ; 

then the unbalanced retarding force, — t — T — F will bring the 
train to rest 

in a height, (a) hr' = heW ^\vi0/t', or 

* (b) he" = he IV sin 0/t " ; 

in a dist, (a) Be' = heW/V — h'c/sin ^ ; or 

(b) Be" = heW/t" = hc"/^\n0. 


D 



Work due to elevation dlffcrencea. 

30. PlR 3. Theory. In moving a train, of weight, W, from A 
to B (wliether thru the uniform grade, A—B, or via A^O—B, or 
via A — 7) — B, or via A — IF — B), the net or resultant work done, 
due to elevation dlff, alone, and neglecting friction, is theoretic- 
ally W h, or the work of lifting the wt, TV, thru the vert height, h, 

31. In traversing A-B, or A— C— B, the train does not rise 
above B, or descend below A; and the total work, due to elev dlflf, 
is equal to the net or resultant work, TV h. 

32. In traversing A-D-B or A-D'-B, the train wt, TV, must 
indeed he lifted thru the greater height, H or H'.respectMy, mak- 
ing the total work, due to elevation dllf, = TV fl, or TV H , re- 
spectlvly ; but, theoretically, the additional work, TV d or TV d', en 
taild by the lift, d = H - h, or d' = H' - h, respectfvly, la com- 
pensated by that given out by the train on the down-grade, aftei 
passing tlie summit, D, or before reaching the lowest point, D\ 
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33. Practice. Hence, the reftnltant work, due to elevation dllf, 
remains, mechanically, = W h; and this is frequently realized, 
more or less approximately, in practice; the energy, due to the 
down grades, being utilized to an extent depending upon the lengths 
and steepnesses of the grades, and the resistances upon them, and 
depending also upon the grade beyond U, and upon whether a stop 
is made at B, or at the foot (D') of the down grade. 

34. Any rise, K—D (or fall, A~I)'), which entails work in excess 
of W hf is accompanied by a fall, D~B (or rise, D'—F) of equal 
vert height. But the “rise-and-fall”, in M~D—B {A— D'—F) is 
d (d') ; and not 2 d (2 d'). 

Practical Conaidcruttonn. 

35. Gradea liicrcnae the operation coat. 

On an up-grade, AB or C B, Fig 3. p 1075, the lift, h, involvs 
additional fuel cost. Hi)eed reduction, on the grade, may diminish 
the total normal resistance (compare Fig 1 of Train Resistance, 
p 1058) ; but reduced speed means time-loss and therefore iuereust 
labor cost. 

36. Deacendlng; gradea. In descending any grade, there may 
be a reduction of expense for fuel over that required for running 
on a level, and some reduction in wages cost due to traversing a 
given dist in less time , but steep dovm grades are nevertheless 
troublesome and expenslv, as in wear of brake-shoes and of wheel- 
treads. 

37. ISfTect of i^rade lengrth upon tractive force. Upon a long 
up-grade, unless speed is reduced, any surplus boiler pressure, with 
which the locomotir may have onterd the grade, is drawn upon and 
may he exhausted, within a dist depending upon the load and upon 
the steepness of the grade. Thereafter, the tractiv force is limited 
by the steaming qualities of the boiler; and it is to be expected 
that the mean tractive force, on the entire grade, will diminish as 
the length of the grade increases. Comparing various cases, Mr. 
Beverley S. Randolph finds, approx : 

Length of continuous 

up-grade, miles ; 0 5 10 15 20 and over 

Mean tractiv force = 31 24 19 17 10 % of wt on drivers. 

The steepness seems not to affect these figures appreciably. Am 
Soc C E, Trans Vol 70, Dec 1010, p 323. 

38. Humps and nugm. Notwithstanding the foregoing, minor 
grades (even tho steeper than ruling grade; may often be properly 
introduced in the profile of a railroad. Their introduction may 
effect great economy in construction, thru the avoidance of heavy 
cutting and filling. For “ruling grade,” see i[ 11, p 1084. 

39. An acceleration erade is a hump introduced for the pur- 
pose of aiding in stopping and starting trains at a statio^n placed 
at the grade summit, or to accelerate or retard their speed at a 
given point. Such grades may reduce not only the wear and tear 
on wheel-treads and on brake-shoes. In slowing down, and the work 
required in regaining speed, but the time required in both opera- 
tions. They are largely used on rapid transit lines, even where 
their use Involves increast excavation for subways, or increast 
climbing, by passengers, to elevated stations. 

40. A momentum grade is one which, however steep, is so 
short that any train, with reasonable velocity, may surmount it 
witliout losing too much of Its bpeed. It is usually so steep that 
a train could not surmount it without “taking a run”, or re-start 
if stalled upon it. 

41. Momentum grades must therefore be introduced only after 
considering every probable or possible condition which mignt lead 
to stalling; such as grade crossings, curvature, sidings, water 
tanks, stations, etc, on, or Just before reaching, the grade ; or the 
possible future installation of such features. If the danger of 
stalling is slight; or if a train, when stalled, can readily be backt 
off, and mn on again, and it the delay to loUowing trathe is not 
serlons ; a momentum grade is permissible. 
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42. Up-srade llmltatlona. Starting up-hill. Where trains must 
be started up-hill, the grade should be such (Webb) as to permit 
an acceleration of at least 15 mi/hr In 1000 ft, or a ruling grade 
should be reduced (Alaska Central Ry) by 0.2 ft per 100 ft. 

43. In cuts, even where other conditions would permit the use 
of a level grade, it is usual to establish a grade of not less than 
0.2 ft per 100 ft, for the sake of drainage. 

44. One railroad specifics that, on sidings, no grade shall exceed 
5% (264 ft per mile) on a tangent, or 3% (158.4 ft per mile) on a 
curv, or 1% (52.8 ft per mile) where cars are to be loaded. 

45. Down-irrodc llmitatlonM. The speed, acquired on a down 
grade, depends partly upon its vert depth, and partly upon the 
grade rate. S(*e Classification of grades, p 1087, jl 37. The drop 
should never be such that freight trains (left to themselvs) will 
attain speeds exceeding say 30 to 35 mi/hr; nor should it reduce 
the speed of ascending freight trains below 10 mi/hr. 

46. Vertical curva should be eniployd wherever there is any 
iiiiirkt grade change. They prevent forward and backward Impacts, 
due to taking up and giving out slack of couplings betw cars, and 
avoid the resulting danger of breaking the train in two. 



Sharpness = approx 

Radius = 

Curv resistance = approx 
Curv length, In 100-ft chains 


For curv a 6 
R/r 
D = 


CURVS 

47. In Fig 4, assuming curv resistance proportional to sharpnesB, 
or approx inversely as radius, R (See Train Resistance, p 1062, 

n 

For curv AM B 
R/r 

d = D/n 
R = nr 

U — Fr/n 

L zz. nl 

Sweep = L d z= nl 'D/n z=. ID 

48. RnerKr. Then, for the energy, Fc, expended ( = work done) 

in balancing curv resistance alone, thru either of these two curva 
of equal sweep, A. we have : — ^ ^ , 

Er, = Fc I = nfeL/n = fcL. 

In other words, the curvature work la the same in both cases ; and, 
plainly, if either of these curvs were shortend or lengthend, its 
sweep, A, and the curvature work required, would be proportion- 
ately affected. 


Fc 

I 


n d 
R/n 
n fo 
L/n 
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49. Work piroportlonal to Hweep. Hence, assuming (as 

above) Fc = n/c, we find that the work, due to curvature alone, 
on any curv, Is proportional to Its sweep, is independent of 

its sharpness, 1), or radius, K. 

50. But, comparing: the two linen, A M li and A tn 7? of equal 
sweep, (the latter inciuding the tangents, A «' and h’ li), we have: 
length A m It > length A M li ; and hence non-enrvature work on 
A mB > that on A A1 B ; and, as we have seen (H 491, the curva- 
ture work is equal on the two lines of equal sweep. A- Hence, 
total work on A m B ( = noncurv work on A w i? + curv work on 
o' m 6') > total work on A i/ B. 

Grade Compensation for Curvature. 

51. On account of the added resistance, due to curvature, it is 
customary (where practicable! to reduce or flatten up-grades upon 
which curvature occurs, in order that their total resistance (grade 
+ curv) shall not exceed that of a tangent on the original grade. 

52. The compensation rate (Rradc-reduction rate) is the 

grade reduction for each degree of sharpness, D. Thus. “0.04” 
means a grade reduction of 0 04 per criit of grade for each degree 
of sharpness, D; so that, for a o” curv, with 0,04 compensation, 
on a grade of 0.7 per cent, we should have . — 

compensated or reduced grade 

rr 0.7% - (0.04 X 5)% 

= 0.7% — 0.2% r; 0.5% 

53. Limiting: grades (see p 1084, H 11) should always he com- 
pensated, if poasilfle ; since the limiting grade, on a tangent, 
offers the maximum resistance which the standard locomotiv is 
expected to overcome; and any added resistance (as from curva- 
ture) would therefore endanger tlie stalling of each train. 

54. Non-ilmitInK Rradea (seep 1084, (lif 12-14) need not be com- 
pensated beyond an extent which renders the compensated grade 
equivalent to the limiting grade. In many cases, this will require 
no compensation on non-limiting grades; but. on any non-compen- 
sated grade, the presence of the curv involvs a cost Increase, due 
either to speed reduction or to increase of fuel expendiluro. Com- 
pensation Is therefore always desirable, even where not actually 
necessary 

55. Compensation, carried to such an extent that it results In a 
dotcti-grade, Is unfavorable to traffic in the opposlt direction, but 
this consideration is not necessarily prohibitory. Thus, the return 
traffic may be light, as where coal or ore cars return empty. 

Practice. 

5tt. Rate. Some authorities consider a compensation rate of 0.03 
per cent, per degree of sharpness, excesslv, while others consider 
0.04 insufficient. The mean of these, 0.035, is quite generally 
accepted as a fair average, with modifications, as noted below, for 
special conditions. 

57. DlfferenceM in track condition, including tightness of gage, 
and superelevation, apparently account for much of the diff in 
practice. 

58. Htffher rate. Factors tending to increase the rate of com- 
pensation are : — the predominance of heavy, low-speed freight 
trains; the probability of trains being required to slow down or 
even to stop and stand for some time on the curv; the existence 
of a stopping place Immediately before a curv, in which case com- 
pensation as high as 0.10 per cent of grade per degree of sharp- 
ness has been recommended I Webb) ; probable dampness in tun- 
nels, etc. 
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59. Lower rate. On the other hand, lower rates of rompen8a> 
tlon may be used where high-speed passenger trains predominate ; 
and where there is a regular stopping place immediately beyond 
the curv, in which case tlie curv resistce may be utilized, along 
with the full grade, to assist in stopping the train. 

09. Change of Rate. Some authorities suggest that the com- 
pensation rate sliould diminish as the sharpness increases ; while 
others hold that the compensation rate should be proportional to 
the sharpness. 

Maximum Sharpneati 

Cl. Theoretically, the max permissible sharpness is that which, 
at max permitted speed, requires the max permitted superelevation. 

62. In FIk 5, the eight lower diagrams show the max permissible 
sharpnesses for diff speeds, and for superelevations of from 1 to 8 
inches, on standard gage == 4 ft, S.,*) ins, according to equation 

liS, Curvs, Superelevation, p 9(>4, 176; E, ins, — V^=fV14.')8.6, 

whence D = 14.'>S.6 E/VK The upper diagram givs the sharp- 
nesses required by Mr. A. M. Wellington’s proposed rule (Ily Loca- 
tion, p276; Am Ry Eng & M W Assn, Procs, lOlQ, Vol II, Part I, 
pOSl.) Centrif force > Wcight/4. 



Fig. 5. 


63. Practically, max sharpness is governd also by the character 
of the country and by the traffic. Camp (“Track,” p 257) men- 
tions the following as indicating current practice for standard- 
gage main-track service : — 

D RJt 

> 4® < 1433 considered sharp; 

10" .574 “ very sharp; 

15" 383.1 practical limit for full speed; ^ ^ 

20" 287.9 used, on compulsion, with speed reduction; 

22" 262.0 used, on compulsion, with speed reduction. 

^^12^^ 478.3 standard max sharpness (with spirals) Alaska 

Centl Ky, 1909 ; ^ ^ ^ 

410.3 standard max sharpness (with spitals) N Pac 
Ky, 1903. 


14 * 


1080 


EAILBOADS. 


Curvs as sharp as 67* (DOift radius) have been used on the ele- 
rated railways of New York City. 

in. For Mldlng/h the following sharpnesses are In use: — 

D RJt 

17* 338 where large road locos must place cars on sidings; 

20 * 200 for coupled furniture cars; 

39* 150 for coupled coal cars and for box cars pusht by 4- wheel 

or 6-wheel shifting locos; 

95* 60 for cars drawn by horses or by short shifting locos on 

warehouse sidings, etc, with very low speeds. 

6S. Gard rails are commonly used with curvs of 10“ sharpness 
{R = 359.3 ft) and sharper. 

Minimum Sharpness^ etc 

60. It Is sometimes specified that sharpness shall not ordinarily 
be less than 1" {R = 5730 ft) except where sweep, A» < 3“ ; 
that curv length shall be < 300 ft ; and that a tangent, < 500 
ft long, shall be used betw two curvs in the name direction, and a 
tangent, < 600 ft long ; betw two curvs in opp directions. 

See also Gard rails, i[ 65 ; Gage on curvs, p 811 ; Superelevation, 
p 968. 
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TRAIN OPERATION COST 

GENERAL 

1. The detilfi;ii and construction of a railroad and of Its rolling 
stock (like its profitableness) depend largely (1) upon the amount 
and character of the triiflOic to be expected, (2) upon the resulting 
revenue, (8) upon the funds available for construction, and (4) 
upon the expenses (fixt charges plus operation cost). The first 
three items are usually estimated by the promoters ; but the esti- 
mation of the construction and operation costs devolvs largely upon 
the engineer. 

2. The construction and operation costM depend largely upon 

(1) the topography, 

(2) the availability of the necessary supplies of material and labor, 

(3) the character and amount of the expected traflac, 

(4) the character and amount of the proposed rolling stock, (motiv 
power and cars), 

(5) the amount of money available for construction, 

3. The Problem. Informed as to these features, the engineer is 
concemd chiefly with fitting, to the topography of the country, that 
line which best meets the requirements, the final criterion (from 
the investors’ standpoint) being the rate of return upon the money 
invested. 

4. The compariNon between two proposed linen, A and B, 

may be based either (1) upon their respectlv construction costs, 
plus the capitalized values of their respectlv operation costs; or 
(2) upon their respectlv operation costs, plus the annual values of 
their respectlv construction costs. Thus, we may suppose a case 
where the costs per mile of the two lines, A and B, compare as 
follows; — (capitalization at 6%) 



(1) Capitalized 

(2) 

Annual 


1, $ 

B, $ 

A, $ 

B, $ 

Construction 

2r>,(M)() 

20,000 

1,500 

1,200 

Operation 

100,000 

125,000 

6,000 

7,500 

Total 

125,000 

145,000 

7,500 

8,700 


In this supposed case, for a given revenue, line A is preferable, 
notwithstanding its greater construction cost. For Railway Con- 
struction Cost Estimates, see p 1094. 

TRAIN-MILE, AND TRAIN-MILE COST 

5. The train-mile, «t-m”. When a train (of any length, 
weight and character) is run (under any conditions) thru one 
mile, the result is a train-mile (t-m). 

6. Train-mile cost, m. For any given series of operations (as 
for the operations of any one line for a day, or for all the rail- 
road operations of a country for a year) the average t-m cost is 

total operation cost 

rn 

number of t-ms run 

Similarly, the t-m cost, due to any given item or items of opera- 
tion, is 

operation cost due to said item or items 


number of t-ms run 


39 
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7. AvcraKc T-m Cost In U. S* From the 24th Annual Report 
of the Interstate Commerce Commission, see Table 1, below, we 
have, as the av total t-m cost, for the three classes of lines consld- 
erd, for 1911 : — 





E = total 

T = total 




Gross 

annual 

annual 

m 

Class 


annual 

operation 

train-miles 

= E/T 


operation 

cost 

run 

= t-m 



cost 

(Statement 

(Statement 

cost 




41) 

36. p49) 


1 

< 

$1,000,000 

$1,844,065,9.18 

1,185,632,120 

$1,555 

n t 

< 

> 

$1,000,000 
$ 100,000 

$ 57,092,361 

42,315,853 

$1 349 

HI 

> 

$ 100,000 

$ 13,472,094 

9,552,156 

$1,410 

Totals and average 

$1,914,630,413 

1,237,500,138 

$1 .147 


The I. C. C. reports for 1890-9 gave values of m ranging only 
from $0,918 to $0,984 ; avge $0,952 

In our subsequent discussions, we assume tn = $1.50 

8« Departures. The train-raile (t-m) cost, m, varies widely, 
not only (from time to time), with fluctuation of unit costs, but 
(at a given time), as betw diff lines. See 117. Nevertheless, with 
given unit costs, the t-m cost, on a given line, is practically 
constant, because the work, required to move a train over the 
line, Is fixt, within narrow limits, by the fact that economy for- 
bids the use of less than the max practical train-load, and this 
is determined by the character of the line. See H 10. 
Traln-milc-cost distribution. 

0, Table 1 gives the percentages of the t-m cost. aKslgnable to 
the diff items making up that cost, as determined by the interstate 
Commerce Commission. Estimates of these percentages vary 
widely; but the percentages, given in Table 1, represent the av 
of American practice, and thus form a useful glde, subject to 
modiflcation in cases where special conditions cause notable de- 
partures from normal conditions. 

Operation Cost 
Table 1 


Deduced from the 24th Annual Report of the Interstate Com- 
merce Commission (for the year ended June 30, 1911) on the 
Statistics of Railways in the United States ; issued by the Govern 
ment Printing Ofllce, Washington, 1913. 


Railroads of 

Class 

I • 

215,146 

328.800 

(?las8 
II • 
19,120 
22,980 

Class 
III ♦ 
9,167 
11,036 

Miles of track 

Analysis of Operat 

on Expenses 




o, = 

% of m 

0, = 

o, = 

Maintenance of Way & Structures 

% of tn 

% of ut 

Superintendence 

Roadwdy and track 

Ballast 

Ties 

Rails 

Other track material 

0.963 0.963 

M23 

2.992 

0.897 

1.021 

1.218 

1.508 

Roadway and trackf 

7.240 12.573 

17.801 

22.406 

(Table Concluded on next page.) 




♦See 

t&ee 


[ 7. above. 

‘ foot-note, p 1088. 
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(Table Concluded from preceding page.) 



Class 1 

II 

III 


a, = 

a, = 

0, = 


% O'f m 

% of m 

% of w 

Track structures 




Tunnels, bridges, etc 

1.682 



Crossings, signs, fences, etc.. 

0 369 



Signals, telegraph, etc 

0.759 2.810 

3.373 

3.323 


1.943 1.943 

1.679 

0 920 

Miscellaneous 

0.583 0.583 

0 660 

0 804 

Total, M W & Structures. . 

18.872 

24.731 

28.961 

Maintenance of Equipment 




Superintendence 

0.661 

0.865 


to locomotivs 

8.058 

6.386 

5.836 

to cars 

9 178 

6.381 

4.720 

10 floating equipment 

0.050 

0.024 


to work equipment 

0.223 

0.210 


Renewals to equipment 

0.859 

0.301 

0.538 

Miscellaneous 

0.806 

0.793 

0.463 

Depreciation of equipmeht 

2.702 22.537 

3.751 

3 109 

Total, Malnt of Equipment 

22.537 

18.714 

15.532 

Trafflc (Agencies, advertising, etc) 

3.116 3.116 

2.540 

1.882 

Transportation 




Superintendence & despatchg . . 

2.183 



Station employees 

7.062 9.245 

9 373 

8.248 

Yard conductors & brakemen.. 

2.869 



Yard euglnmen 

1618 



Yard loco, fuel '• 

1601 



Yard & station operation miscei 

3 085 9 173 

5.461 

1.962 

Road loco, fuel 

10.454 10.454 

11.935 1 

12.240 

Road englnmen 

6.256 



Road loco, other expenses 

2 969 9.225 

9.094 

9.720 

Road trainmen 

6.642 



Train supplies & expenses 

1,782 



Opn of interlockers & signals.. 

0.509 



Train & signal mlscel 

0.415 9.348 

7.749 

7 818 

Miscellaneous 

4.307 4.307 

3.998 

3.441 

Total Transportation ' 

51 752 


43.429 

General (Administration, Insur- 




ance, etc) 

3 723 3.723 

6.405 

10.196 

Total 

100.000 

100.000 

100.000 


•Applying ballast, ties, rails and other track material; track 
maintenance; care of roadbed; general cleaning; patrolling and 
watching; changing alinement and grades; bank protection; dll* 
ing; train service, etc. 
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COMPARISON OF LINES 


Llmltlnts: and Non-Limiting Factoni 


10. In coniparing alternative lines, the factors to be considerd, 
as chiefly affecting operation costs, arc dtffi in grade, in curvature 
and in length. Taken collectivly, and considerd wit i regard to 
their effect upon operation cost, grades and curvs tall into two 
main classes, which must be carefully distinguisht, viz. — limiting 
and non-limiting, or ruling and non-ruling, or “major” and “minor”, 
grades and curvs. 


11. The ruling or limiting grade or curv, or limiting com- 
bination of grade and curvature, on a given loco di\lsion, is that 
which affects operation cost by limiting the length and weight of 
train which, under normal working conditions and without “mo- 
mentum”, one standard loco can take over the division, and by thus 
limiting the minimum number of trains (and thus the minimum 
work) required for a given traffic. 

12. Total Work. With given motiv power, the mawimurn train- 
weight, which can be hauld over a given line (while practically 
Independent of the length of the line) is thus deterraind by some 
limiting or controlling (or ‘‘major'') condition of grade or of curv- 
ature, or of both combined; but the total work required, to haul 
this max train-wt over the line, may be affected by non-limiting 
or “minor” conditions as to length, as well as by those of grade 
and curvature. 

13. Thus, suppose that, with a given lo<‘omotiv, a long 12® curv 
(unavoidable on each of two altemativ lines, A and li) renders 
500 tons the max train-wt which can be hauled over either lln^ 
Then that curv is a limiting or “major” factor. But. if line B 
has also one or more 4* curvs, or short grades, which are absent 
from line A, or if line B is longer than line A (the two lines being 
otherwise similar), then line B rt^quires more work than d^^es line 
A to haul the given 50O-ton train over the road; and this excess 
of work glvs line B the higher operation cost. 


14. Wc thus have; — 

Affecting 

Grades and curvs 

Limiting max train-weight 

Non-limiting work on max train 

Length differences “ J 

Pusher grades “ 


Not affecting 

work on max train 
max train-weight 

l« U II 





FIk. 1. 


15, Steepest vs lilmitinff Grade. The limiting grade is not 
necessarily the steepest grade on the division. Thus ; 

(1) A short grade, steeper than the ruling grade., may be sur; 

mounted by the standard train and loco, by means of “momentum 
(See H 40, p 1076). . 

(2) Fig 1. Where, for instance, loaded cars move from If to T, 

while they return empty from IT to the lighter and shorter 

mde, P8, opposed to the heavier traffic, may be the ruling or 
limiting grade. , , 

(3) The limiting condition may be a combination of moderate 
grade with heavy curvature. 
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10. SharpeMt v» Limiting; Cnrv. Similarly, the limiting curr, 
on a division, may be a long and comparativly easy one. Again ; 
the limiting effect of a given curv may be eliminated by grade 
reduction. See p 1078, H 51, etc. 

For analysis of effect of limiting grades and curvs upon operas 
tion cost see HH 19 to 21. 

17. Non-limltlngr factor.>i are : — 

( 1 ) Length-differences ; 

(2) I’nsher grades ; 

(3) Non-Iimltlng 


(/ompiitatlon 
Method of Procedure 

18. In comparing the operation costs of two lines, as affected by 
limiting or non-limiting dlffs in grades, in ciirvature or in length, 
\\f determin or estimate (compare Talile 2) ; 

1 Tiie normal train-mile (“t-m") cost of each operation item; 

2 The percentage, «, which each of these item costs forms of 
tlie total t-m cost, in (see Taldes 1 and 2) ; 

3. The extent (percentage, b, of a) to which the cost of each 
item is affected by the grade-dlff, curvature-diff, or length-diff In 
([ue.stion ; 

4. The resulting change (a' :=. ha, percentage of in) in tlie per- 
ceiitiige value, a, of each item, due to the diff in question ; 

5 The sum, A\ of the values of o', obtaind under “4” ; 4. e., 
the total t-m cost of the diff in question, exprest as a percentage 
of the total normal t-m cost, m; 

(). m' = A' in = the t-m cost of the diff in question, ex- 
prest in dollars; 

7. C« = the annual cost of the diff in question ; « 

8. Fc z= the capitalized value of the diff in question. ” 

EiXample of Method 

Construction of first column (“Add’l train") of Table 2. 


Llmltluf? Factors. 


19. Example. Under Maint 

t = normal number of daily 
round trips; 

w* = supt t-m cost of normal 
trips, t; 

at = 100 OTt/m 

= mi as percentage of m; 

8 = normal total dally supt 

cost; 

L = line 1 


Way & Structrs, let 
t' = number of add’l dally 
round trips ; 

m/ = supt t-m cost of add’l 
trips, t' ; 

a$' = 100 mi'/m 

~ m/ as percentage of m; 
a = increase in 8, due to 
add’l train ; 
gth, In miles. 


Let It be supposed that, with a given alinement and profile, 10 
round trips per day (t = 10) are required to handle a given traffic, 
and that a proposed increase of grade or curvature, or both, due to 
a proposed change of line, would so reduce the max train-wt as to 
require 11, instead of 10, dally round trips for the same traffic. 
Then 

r = 11 - 10 - 1 ; and V/t = 1/10. 


20. To find b. Let it be found or assumed that this Increase of 
1/10, in t, increases the total superintendence cost, 8, (first item of 
Table 2) by only 1/100 or 1%. 

Then 


8 LV m* t' m,' 1 

B Li mi t mt 100 


and, (1118,4) 



m*'. 8 t 

mi 8 t' 


1 10 1 

— X — = ~ = 10%; 
100 1 10 
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or, In this example, the t-m cost, m/. of siipt, for the additional 
train, is 10% of the normal supt t-ra cost, m». 

21. BUect on the other cost items. Then, averaging values 
of 0 for the three classes of road In Table 1, H 9, using round fig- 
ures for convenience, and applying assumed percentages, b (subject, 
of course, to wide variations under diff conditions), to the remain- 
ing items of operation coat, we obtain (merely bv way of Illustra- 
tion of the method), the remaining values of a ( =: b a) given 
under “Add’l train" in Table 2. 

22. Sammins these values of we obtain = 43.8, as 
the t-m cost of the add’l train, exprest as a percentage of the total 
normal t-m cost, m. Then 

m' — .i'wi, 

where tn = the total normal t-m cost, here assumed at |1.50. 

23. In this case, therefore, we have, as the t*m cost of the 
additional train required by the limiting factors, 

m' = A' m = 0.438 X $1 oO = $0,657. 

24. To nt% thus found, should be added a small amount (say 
from 1 to 1.5 cents) to cover interest on cost of each additional 
loco and tender required. 


Other (non-limitins) factors. 

25. In its remaining columns. Table 2 givs similar analyses for 
the remaining (non-llmltlng) operation-cost factors: viz. — length, 
pusher grades, rlse-and-fall, and curvature. See below. 

26. Lengrth-diffcrence. With a given max train-weight (de- 

termlnd by the limiting grade or curvature or both), a length- 
increase Increases operation cost by entailing additional work on 
each train, viz . — the work of hauling the mux traln-wt over the 
additional length. ^ ♦ 

27. Great and small length-differences. On any lengtb-dJfT (great 
or small), roadway and track moint cost per t-m will approx equal 
the normal cost of that Item ; but train-wages cost per t-m (which, 
on a great length-dlff, m^ also equal the normal), are negligible on 
small length-diffs The effect of this upon the estimate may be illus- 
trated by a supposed case, as follows; in which, assuming (for 
convenience) that roadway and track maint amounts normally to 
15%, and train wages to 33% (compare Table 1) of the total oper- 
ation cost, we assume probable values of b, find the resulting values 
of a', and thus compare the effects of great and of small length-diffs 
as affecting the sum of the costs of these two items alone. 



28. Length dlffs are sometimes olasBifled as follows 

I Length-difference Class 


Train wages 
Number of stations 
or of sidings 


Not affected 
Not affected 


C 

Affected 


I Not affected I 


The effects of length-diffs upon operation cost are Indicated in 


Table 2, 













NON-LIMITINO FACTOBS 
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a®. Effect of length-difference upon revenue. Of two competing 
roads, l)etw two given points, either will lose thru business if It 
charges higher thru rates than the other. Hence, under compo- 
titlon, the rates, on both lines, betw two given points, are usually 
(other things equal) those proper to the shorter line, and short' 
ness is therefore an Important advantage; since the shorter line 
has the less operation cost. 

30. But, in the absence of competition, freight and passenger 
rates are usually based upon the distance traveld ; and the revenue 
of a line, betw two given points, is therefore practically propor- 
tional to length of line ; whereas total operation cost usually 
increases less rapidly than does length of line. Hence, in the ab- 
sence of competition, the longer line is in general the more remun- 
erativ. 

31. A pusher grade is a grade so steep, and so long, as to re- 
quire regularly two locos or three locos (instead of one) for each 
train ascending it. Hence, where the pusher locos are of equal 

I power with the road locos, the pusher grade is usually made about 
twice, or about three times, as steep as the limiting grade on the 
( division, according to whether each ascending train requires two 
; locos or three locos. 

32. Theoretically, therefore, the first loco supplies, and each 
pusher supplies, only the power necessary to haul the max train up 
the limiting grade ; and the work, required of each pusher outfit, is 
theoretically only that of hauling the max train up an additiona* 
itretoh ( = pusher-grade length) of the limiting grade. 

; For analysis of operation cost of pusher grades, see Table 2. 


33. See Table 2. Pusher grades affect chiefly the items of 
lioadway and track maintenance, 

Repairs and renewals of locos, cars, etc, 
lx)C0 fuel and expenses. 

34. The annual operation cost of a pusher loco and tender ranges 
ordinarily between $7,500 and $18,000, with $10,000 to $15,000 as 
more probable limits. 

35. A non-llmitlns or minor irrade is either less steep than 
the limiting grade (p 1084, H 11), or so short that It can be sur- 
mounted, by “Momentum" (p 1076, H 40), by one standard loco 
drawing the max train. It therefore affects operation cost by 
requiring additional work to lift the max train. Problems relating 
to non-limiting grades are usually called “rlse-and-faH’’ problems 

A comparison of the definitions of Se, ha, he and Ls, M 39 and 
43, will show that the additional work, entaild by a minor grade, 
is equated with that of hauling the max train over an additioml 
stretch of level track, whose length is such that the work of this 
level hauling, over it, is equal to that of lifting the train weight 
thru the vertical height of the grade. 

For analysis of non-limiting grade problems, see p 1088, H 39. 

36. Similarly, a non-limltlngr or minor ciirv is either less 

sharp than the limiting curv, or so short that one standard loco 
can traverse it with the max train. It affects operation cost by 
adding to the resistance which the loco, drawing the max train, 
must overcome. It thus increases the work required in moving 
the max train over the line. ^ ^ r «« «» 

A comparison of the definitions of De, Ad, A« and Lc, Till 39 and 
43, will show that the additional work, entaild by a curv, Is equated 
with that of hauling the max train over an additional stretch of 
straight track, whose length Is such that the work of this hauling, 
over it, is equal to that due to the curvature. 

For analysis of minor curv problems, see H 39. 

37. Claaalflcation of non-limitlnir Rrades. l^g 2, p 1091. Ac- 
cording to the behavior of descending trains, non-limiting grades aw 
classified as in the tabulation on p 1088, illustrated bv Fig 2, P 1091. 
Compare J. B. Berry, Am Ry Eng & M W Assn, Bulletin 49, March 
1904; p 21 ; and A. M. Wellington, B. E. Location, pp 330 and 374, 
and Table 122, pp 372-3. 
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Grade Class. See Fig 2, p 1091. 


A 

B 

C 

Drop 

> 30 ft 

> 30ft; but 

> drop indicated 
by solid curv 

> drop 
indicated 
by solid 
curv 

Remarks 

effect negligible 

Will not overtax 
up-bound locos 

Up-bound locos 
must use sand 


Ordinarily an initial speed of 10 ni/h will not reach 30 ni/li if 



A 

B 

1 ^ - 

steam is 

on 1 

off 

1 

Brakes are 

releast I 

1 reloast 

1 applied 


38. On a 0.0% grade, the longitudinal gravity effect about equals 
the train resistance at 32 mi/hr. Hence, without steam and with- 
out brakes, that speed will not ordinarily be exceeded, on such a 
grade or on lighter grades, however long the grade, or however great 
the drop. 

39. Effect of non-llmltinf? grrades and eurrs upon opera- 
tion COHt. 


Let 


«• = that grade, in ft per 100 ft* 

JJe — that curv sharpness, In 
degrees of sweep per 100- 
ft chain II § 

which produces an additional resistance, due to 

grade alone I 

curvature alone 

equal to the normal resistance, /n 

(see p 1057) on a level tangent. 

Then, for the work done or a given train, in balancing this addi- 
tional resistance alone, we have 

on a mile (5280 ft) of s« grade, 
work = a train-lift of 52.8 sc ft, 
on any grade ;* 

on a mile (5280 ft) of />< “ curv, 
work = that of balancing curv 

1 resist alone, thru 

j 52.8 of sweep, § 

of any shaipuess. 

and this is equal also to the work of balancing the normal resisr 
tauce, fn, thru a mUle of level tangent. But the cant of the work, 
required for 

a train-lift of 52. § 8o feet j 

1 balancing curv resistance alone 

1 thru 52.8 of sweep 

is much lens than the normal cost, m (.say .$1.50: see '! D, of a 
train-mile on a level tangent; because (continued on p10S9) ^ 

is commonly taken at 0.5% , 
= 26.4 ft per mile; or 

52.8 8« = 26.4 ft lift. ! 

tinsted of 60% and 65%, Mr. 
Berry (Am Ry Eng & M W 
Assn, Bulletin 49, March 1904, 
p22) takes 25% and 45% re- 
spectlvly. The diff shows how 
largely such estimates depend 
upon individual judgment 

HDc is commonly taken at 10® ; 
or 52.8 De® = 528® of sweep. 
§Let ft = curv resistce on a 1* 
curv. 

Then De = U/U. 
fn is usually assumed to range 
from 5 to 10 lbs, and h from 
0.5 to 1.5 lb, per ton of 2000 
lbs. 
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(1) the expenditure of energy, 
in the work of train-li/t, is of- 
ten compensated (at least in 
part) by a gain of energy on 
the corresponding fall; and 


(2) the normal train-mile coat, 
directly affected by train-lift or 

m, includes items which are not 
by curvature. Thus : — 


Excpjpt for the Item of fuel, 
the elfeot of train-lift upon 
operation cost is practically 
neglifjible. Of the total loco 
fuel cost ( = say 10% of the 
total normal t-m cost, m; see 
Table 1 ) , a large proportion, 
averaging say 40%, is due to 
loss in tiring. In standing, stop- 
ping and starting, and in over- 
coming curv and grade resistce, 
leaving only G5% as the cost 
of hauling on a level tan, which 
work, in a mile, is equal to 
that reqd for 52.8 ft of train- 
lift To this 55% Prof. Webb 
adds, for Classes B and C (see 
H 37) 5% for fuel on down 

grades ; and, for Class C, an- 
other 5% for loss thru braking; 
making the average total, b = 
t»0% for (‘lass B, and b = 65% 
for Class (.\* Class A grades 
are neglected as not materially 
alTecllng operation cost. 

We have, therefore, for all 
items, (making crude assump- 
tions for expenses other than 
loco fuel) ; (see Table 2) 


Curvature affects chiefly the 
Items of roadway and track 
maintenance, loco and car re- 
pairs, and loco fuel. 

We assume, (see Table 2) 

a, bj a', 

Roadway & 

track maint.. 16 75 12 

Repairs 

loco 7 100 7 

cars 8 100 8 

Loco fuel 11 50 5.5 

General 8 t5 2 

Curvature, A' = 34.5 

ITence, for curvature, 

=z A' m 

= 0.345 X $1.50 = $0.5175 
For roadway and track supt, 
Mr. J. B. Berry, Am Ry Eng & 
M W Assn Bulletin 49, March 


1004, p 20, givs (instead of our 
a = 16%) a = 14.76%, 

obtaind as follows; 

a, b, a\ 

Rails 2.28 300 6.84 

Ties 3.01 50 1.50 

Ballast 0.28 50 0.14 

Spikes &c. . . 0.86 100 0.86 

Genera! 8..33 50 4.16 


Supt 


Class B 


a 

b 

o' 

Fuel .... 

11 

60 

6.6 

General 

8 


1.0 

F'or grades ... A' 

= 

7.6 

m* = 

A' m 



= 

0.076 X 

$1.50 


= 

$0,114 



Class C 


a 

b 

o' 

Fuel 

.... 11 

65 

7.1 

General . . 

. . . . 8 

V . . 

2.0 

For grades 

.... A' 

= 

9.1 


14.76 91 13.60 


m' = A'm 

= 0.091 X $1.50 

= $0,136 


*See t foot-note, p 1088. 
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Table 2. Deter- 


Factors 


AddT 

train 

Length-difference I 

For Classes, A, B, C, see H 28. | 






A 



0 

Items 

a 


a' 

'"P 

0* 

Z> 

a' 

b 

1 a' 

M Way & Str 
Sup tee 

1 

10 

0.1 

00 

0.0 

00 

0.0 

00 

! 0.0 

Rdwy, Trk 

16 

50 

8.0 

80 

12 8 

90 

14.4 

100 

16.0 

Structures 

4 

00 

0.0 

3 

0.2 

10 

0.4 

70 

28 

Miscel 

1 

00 

0.0 

100 

1.0 

100 

1.0 

100 

1.0 

M Equlpmt 
Suptce 

1 

00 

0.0 

00 

0.0 

- 00 

0.0 

00 

0.0 

Rep, ren 
Locos 

7 

70 

4.9 

40 

2.8 

40 

2.8 

50 

3.5 

Cars &c 

8 

70 

,5.0 

40 

,3.2 

40 

,3.2 

60 

1 4.8 

Miscel 

1 

00 

0.0 

30 

0..3 

40 

04 

50 

1 0.5 

Deprecn 

3 

00 

0.0 

00 

0.0 

00 

0.0 

00 

j 0.0 

Traffic 

20 

_2 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Transptn 
Suptce &c 

9 

20 

1.8 

00 

0.0 

00 

00 

00 

0.0 

Yds, Stas 

7 

20 

1.4 

00 

0,0 

00 

0.0 

80 

1 56 

Loco fuel 

11 


8.8 

50 

5.5 

50 

5 5 ! 

60 

66 

Loco exps 

9 

B!iii 

7.2 

10 

0.9 

70 

6 3 

80 

7.2 

Opera tn 
Miscel 

8 


4.0 

20 

16 

50 

40 

60 

; 48 

4 

Hdij 

2.0 

60 

2.4 

60 

2.4 

60 

2.4 

Geuernl 

48 

8 

m 

0.0 

00 

0.0 

00 

0.0 

00 

! 0.0 

Total 

100 

MB 

: 43.8* 

A'= 

:30.7t 

A' = 

40.4t 

A' = 

55.2t 

Wlthm = $1.60 
we have tn' = A' m 

= $0,037 

$0 460 

$0,606 

$0,828 1 


40. Table 2, at the heads of pp 1090-1. Assumed values for a 
(% of m), and b (% of a), and deduced \’BlueB of o' (= bo). A! 
(sum of o') and ro' (= A'm). 

41. Table 2 illustrates the application of the method of 1118, for 
finding the modified t-m cost, m', due to each of the several factors 
affecting operation cost, viz. — 

1. Limiting grades and curvs (additional train) ; 

2. Length-differences ; 

3. Pusher Grades ; 

. (Non-limiting grades (rise-and-fall) 

■) Non-limiting curvs. 

42. Caution, The values of b (% of a), here given, represent 
merely prob avs, and are used to Illustrate the method or H 18, 
rather tnan to represent reliable percentages. The actual values of 
b vary widely with diff conditions, with the classlfn of the cost 
Items, and with the Judgment of the estimator. See foot-note t, 
p 1088. They mu.st, In general, be determined or estimated for 
each case. 


♦For additional trains (first column), J. B. Berry, Am Ry Eng & 
M W Assn, Bull 49, March '04. p 12, finds A' = 43 29% of m. 
B. H. McHenry, N. Pac. Ry Rules, pp 12, 16, assumes A' = 60% 

tlJslng other, classlfn 's of length diffs, J. B. Berry, U. P. Ry, 
A. E. B. M. W. A. Bull 49, Mar '04, and E. H, McHenry. N. P. Ry, 
'03, adopt values of A' as follows : — _ , ^ 

CHass A Class B Class C 

Berry, U. Pac A* = 32% 46% 50% 

XI A* ~ 009L KOor. lOAOK. 
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mtnatloii of m'. 


Factors 




Rlse-and-Fall 





ruBuer j 


B 

( 


1 \-:urv 1 

Items 

0 " 

1 r 


b 

O' 

& 



a' 

M Way & Struc 









1 

Suptce 

Rdwy, Trk 

I 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

16 

50 

8.0 

00 

0.0 

00 

0.0 

75 

12 0 

Structures 

4 j 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Miscel 

1 

00 

lO.O 

00 

0.0 

00 

0.0 

00 

0.0 


22 


[ 







M Equlpmt 









0.0 

Suptce 

1 

00 

0.0 

00 

0.0 

00 

0.0 

00 

Rep, reii 










Locos 

7 

80 

5.6 

00 

0.0 

00 

0.0 

100 

7.0 

Cars &c 

8 

80 

6 4 

00 

0.0 

00 

0.0 

100 

8.0 

Miscel 

1 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Depreca 

3 

00 1 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Traffic 

20 

2 

00 

j 0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Transptn 










Suptce &c 

9 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Yds, Stas 

7 1 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Loco fuel 

11 

80 

8.8 

60 

6.6 

65 

7.1 

50 

5.5 

Loco exps 

9 

50 

4.5 

00 

0.0 

00 

0.0 

00 

0.0 

Opera t a 

8 

20 

1.6 

00 

0.0 

00 

0.0 

00 

0.0 

Miscel 

4 

20 

0.8 

00 

0.0 

00 

0.0 

00 

0.0 

(ieneral 

48 

'_H 

00 

0.0 

j 

1.0* 


2.0* 

25 

2.0 

Total 

100 

A' = 

: 35.7 

i *A' 
1 ^ 

= 7.6 

A' 

= 9.1 

i A' = 

34.5 

1 With m = $1.50 

1 we have w' = A' w = 

= $0,535 

$0,114 

$0,136 

$0,517 





Grade, per cent 
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48 * Bednctlon of annual and capitalized coata. Haring 
thus, in accordance with 1111 18 to 42, estimated the modified train- 
mile cost, w', as determind by a given factor in a given case; 
we proceed, as follows, to deduce, from m', the annual operation 
cost, (7a, of a given difference (in limiting or in non-limiting con- 
ditions) botw two lines, and the capltajizod value, Ve, of said 
annual cost. 


In the following schedule, an 
negatio. 

"increase" and its effects may he 

Let 

80 = that grade, in ft per 
100 ft, 

J)e — that sharpness, in dogs of 
sweep per 100-ft chain. 

which produces an additional resistance equal to the normal resist 
a nee, fn, on a level tangent ; 

ha = diff, as to lift, 
hetw two lines ; 
h. = r.2.8 8 r 

= 1 "equivalent grade-mile" 

= that lift for which the 
work reqd is 

Arf = diff, as to sweep, 
betw two lines , 

Ar = 52.8 

1 "equivalent curv-mile" 
that sweep for which 
the ourv work reqd is 

equiyaleut to that of hauling the train thru a mile of level tangent 
Tlien : 

ha 

Lm — — = the diff, as to rlse- 
he and-fall, betw the 

two lines, expre«t 
in terms of the 
"equivalent grade- 
mile", he. 

Ad 

Lr = the diff, as to 

A« sweep, betw the 

two lines, ex- 
prest in terms of 
the "equivalent 
curv-mile", A'- 


Ca = annual cost of a given difference between two lines ; 

Ve = capitalized value of Ga; 

d = the number (usually 3G5 or 313) of train-days in a year; 


(1) 

(2) 

(3) 

(4) 

(5) 

Let = 

1 = 

No. of add’l 
trips. If 11. 

number of ’dally round trips. 

Then d r = 

(1 1 - 

number of train-miles made over any one mile in one year by 

t' trains, | / trains. 

each making one round trip daily. 

LetL = 

La = 

Lp = 

II 

^7^ 

line length. 

difference between two lines as to | 

length 

pusher- 

grade 

length. 

number of equivalent 

grade miles. | curv miles. 


(Table continued on natre 1093.) 







































DEDUCTION OF ANNUAL COSTS. 
(Tab-le continued from page 1092.) 
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(1) 

(2) J 

(3) 

O) 



Then, for a giren traffic, an Increase In 


non-Ilmitlug 


grades 


increases operation cost by 


lino length pusher- 
grade 
length. 


making each 
of t trains 
runLd mis 
frthr, each 
single trip ; 



Increasing resistance on 


grades ; 


tlms adding, to the normal work, work equivalent to that required 
for hauling, dally, 



= A' m = train-mile coHt of this added work. 


.\ umber of additional equlTalent train-miles per annum, 

duo to dlff betw the two lines, — 



d V L m'. 1 

1 dtLdiu'. 

diJjp m'* 

1 (Z 1 L, m'.f j 


interest rate. 


It will bo noticed that. In all five cases, the additional work is 
I'illier that of tram haulage, or is equated to (and stated in terms 
Mf) train haulage. In column 1 (difference in limiting conditions) 
said haulage is that of additional trips over tlie same length, L, of 
truck in both cases ; whereas, in each of the other four columns, 
the number of trips is unaffected by the diff betw the two lines 
compared, and the equivalent haulage is that of said trips {the 
same for both lines) over an additional length, La, Lp, L, or Lt, 
of track. See fll 32, 35 and 3(5. 

♦This assumes that a pusher-outfit-mile is equivalent to a train- 
mile and that pusher-outfit operation cost is the same in both 
direotlonH. For any doviatli.n from th.w aasnmpf ona allowance ta 
to be made In determining the value of h, H 18, U). See also H 32. 

tTbis assumes equality of total lift, on non-lirnlting grades, In 
both directions ; and neglects advantage due to down grades. 
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CONSTRUCTION COST ESTIMATES 

INTRODUCTORY 
Variations and Limits 

1. Elements affectins cost. Railroad construction cos^ varies 
between wide limits. It depends largely upon the topography and 
the geology of the country traverst ; upon its value and the result- 
ing right-of-way cost ; upon the amount and the cost of land 
required for yards and terminals ; upon the unit costs of the several 
items of construction ; upon the cost of labor ; upon the construc- 
tion methods employd ; upon the requirements as td grade and 
alinement; upon the amount and the character of the traffic to be 
carried ; upon the absence or presence and the nature of compe- 
tition ; and upon the funds available. 

2. Initial and ultimate costs. The construction cost of a given 
railroad, as shown by the Company’s accounts, increases with its 
age ; for the original cost (often kept at a minimum by the economic 
desirability of putting the road in earning condition as soon as 
possible) may be much less than its total subsequent construction 
cost (“Original Cost to Date”) after desirable improvements have 
been made. See H 4 and 11. 

3. On the other hand; constructions, included In the original 
cost, are often abandoned or superseded ; but their cost nevertheless 
enters into the total construction cost. 

4. Acconntinff. For a given actual construction cost, the avail- 
able cost data are affected by differences in account-keeping method. 
For instance ; items, properly chargeable to construction, are often 
charged to way maintenance; as where a temporary timber trestle 
(part of the original construction) is afterward gradually filled in 
and the necessary train-service is charged to maintenance. 

5. In deducting the construction cost of a proposed line from that 
of an existing line, allowance must of course be made for differences 
in condition betw the two ; and, even with given unit costs, differ- 
ent portions of a given line may have very different costs per mile ; 
and, therefore, 

total cost 

the apparent construction cost per mile = 

length 

of one part of a given line, may be much higher, and that of an- 
other part much lower, than that of the entire line. 

6. Example. Thus; a trunk line, running eastward from the 
Pacific thru several states, and burdend with heavy real estate costs 
at its terminals, and with heavy construction cost proper on that 
portion of its line crossing the mountains, may pass also thru 
regions of more favorable topography and requiring but little out- 
lay for real estate. In using, for comparison, the construction-cost 
data of such a line, the character of the proposed road must be kept 
in mind. If, for Instance, the proposed line traverses only favor- 
able and inexpensiv country, and if it requires no expensiv termini ; 
it would be misleading to apply, to it, without modification, con- 
struction-cost data covering the entire trunk line, including its 
more expensiv portions. 

7. Tendency to increase. When using early data as a basis for 
the estimation of present or future costs, bear in mind that the 
tendency of railroad construction cost, as a whole, is to increase; 
for the reduction of unit cost, in some particulars, due to improved 
manufacturing and operating methods and apparatus, is usually 
more than offset by increase In wts of rolling stock, by increasingly 
exacting demands on the part of the traveling and shipping public, 
by increase of traffic, which Justifies costly construction for the 
sake of the reduction of operating expenses, and by increasing in- 
sistence, on the part of the community, upon the avoidance of 
nuisance and of accident. 
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8. Thus* where grade crossings are still retaind^ they are re^ 
quired to be provided with elaborate interlocking and signaling 
apparatus ; but, more often, elimination of grade-crossings is de- 
manded ; and the abolition of a grade-crossing may cost $100,000 
or more. 

9. The ranKe of variation, in total cost. Increases also, and for 
like reasons. 

10. Thus, upon a line of moderate length, joining populous 
centers, the cost of terminals, of modern type, may equal the re- 
maining construction cost ; whereas, upon a long line, connecting 
many small towns or depending chiefly upon mineral or industrial 
traffic, the cost of terminals may be relatlvly insignificant. 

11. The Interstate Commerce Commission, by Act of Con- 
gress, approved 1913, March 1, is instructed to ascertain, respecting 
each railroad pro>perty : — 

(1) Its original cost, to date; 

(2) Its cost of reproduction, new; 

(3) Its cost of reproduction, new, less depreciation. 

12. Dlfferencea in estimates. As might be expected, there iB 
usually a material difference betw (a) estimates prepared by a' 
railroad company for the purpose of showing a hifih value (as in 
cases of proposed sale, or where it is desired to Justify existing or 
proposed freight and passenger rates), and (b) estimates prepared 
by the same company for the purpose of showing a low value, as 
for purposes of assessment. See U 139. 

13. ^'General Expenditurea.** In addition to Construction Cost 
proper, there are the cost items of financiering, negotiation, le^ 
service, insurance, taxes, depreciation, etc, (see III. General Ex- 
penditures. JI 18) which affect an appraisal of the property in its 
exlating condition ; as for purposes of taxation. Such an appraisal 
may properly consider the earning capacity of the plant, which, of 
course, may be greatly affected by considerations quite independent 
of construction cost. For instance, the business conditions of the 
country traverst may conceivably give high commercial value to a 
v(‘ry cheaply constructed road ; or, on the other hand, they may 
become such as to deprive an expensivly constructed road of all 
value. 

14. All that can he usefully attempted here is to give such data 
(deduced from publisht records) as may facilitate the making of 
preliminary cost estimates for a projected line, bearing in mind the 
preceding cautionary suggestions. 

15. Unit costs. In estimating railroad construction costs, we 
are concernd with 

(1) unit costs (as per cu yd of grading, per acre of clearing, 
per lineal ft of tunnel, etc) and 

(2) per-mile costs, or costs per mile of line or of single track. 

16. Llne*mlle vs Trnck«milc. In figuring per-mile cost, dis- 
tinction must be made between 

(1) line-mile (or road-mile) cost (cost per line-mile) 

total cost 

number of miles of main line and branch lines 
(irrespectlv of the number of tracks and of sidings), and 

(2) troofc-mlle cost (cost per track-mile, i. e., per mile of frock) 

total cost 

number of miles of track 

17. Thus, a double-track road, L miles long, without side-tracks, 
has it line-miles, and 2 L frack-mlles. 
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In any given case, line-mile cost 5 track-mile cost. 

For a given single-track line, without branches or sidings, we 
have : — 

Une-mile cost = trocfc-mile cost. 

For a given dottble-track line, without branches or sidings, we 
have : — 

line-mile cost = 2 X track-mile cost ; 
but the Mne-mlle cost of a double-track road is (other things equal) 
less than double the ijwc-mile cost ( = traek-mile cost) of a single- 
track road. 


I. C. C. Classification 

18. Classification of Investment In Road and Equipment of Steam 
Roads, Prescribed by the Interstate Commerce (Ilommission in ac- 
cordance with Section 20 of the Act to Regulate Commerce. Issue 
of 1914. Effectiv on July 1, 1914. (Here condenst.) 

General Accounts. 

I. Road. “Cost of land, fixt improvements, and roadway ma- 
chines and tools ownd by the carrier and devoted to transportation 
service.” 

II. Equipment. “Cost of the several classes of equipment ownd 
by the carrier, or held under equipment trust agreements for 
purchase.” 

III. General Expenditures. “Expenditures made in connection 
with the acquisition and construction of original road and equip- 
ment, and with extensions, additions and betterments to road and 
equipment property, when such expenditures cannot properly be 
included in any of the foregoing accounts as l part of the cost 
of any specific work.” 

Primary Accounts. 

I. Roml. 

1. Engineering. 

Including “the pay and expenses of engineers, assists, and 
clerks engaged In the survey and construction of new lines and 
extensions, or in making additions to and betterments of the car- 
rier’s road, including wharvs and docks ” 

2. Land for Transportation Purposes. 

Including “the cost of land of necessary width acquired for 
roadway ; the cost of land for station, office, shop and other 
grounds ; for ingress to or egress from such grounds ; for borrow 
pits, waste banks, snow fences, sand fences, and other railway 
appilrtenances ; and for storage of material adjoining the right of 
way ; the cost of land for wharvs and docks and the cost of riparian 
or water rights necessary therefor; the cost of removing from the 
right of way and locating elsewhere the property of others, and the 
cost of the necessary land for relocation of the property, when such 
costs are assumed by tbe accounting carrier.” 

3. Grading. 

Including “the cost of clearing and grading the roadway, 
and of constructing protection of a permanent character for the 
roadway, tracks, embankments, and cuts.” 

4. Underground Power Tubes. 

5. Tunnels and Subways 

Including “the cost of tunnels and subways for the passage 
of trains, including apparatus for ventilating and lighting, and 
safety devices therein, other than signals.” 

6. Bridges, Trei«tles and Culverts. 

Including “the cost of the substructure and Buporstnicture 
of bridges, trestles, and culverts which carry the tracks of the 
carrier over watercourses, ravines, public and private highways, 
and other railways.” 
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7. Elevated Structui-es. 

Including “the cost of elevated structures and foundations 
of elevated railway systems — structures other than earthwork, 
which are for the purpose of elevating tracks above the grade of 
streets, and which are not properly classable as bridges or trestles.” 

8. Ties. 

S). Rails. 

10. Other Track Material. 

Including anticreepers, bumping posts, railway crossings, 
derails, guard rails, rail braces, rail joints, tie-plates, spikes, turn- 
outs, etc. 

11. Rallnst. 

12. Track Laying and Surfacing. 

IJl. Right-of-way Fences. 

14. Snow and Sand Fences and Snowsheds. 

15. Crossings and Signs 

Exclusiv of "railways crossing at grade", for which see 
-\ccount 10. 

IG. Station and Other Buildings. 

17. Roadway Buildings. 

18. Water Stations. 

10. Fu('l Stations 

20. Shops and Enginhouses. 

21. Grain Elevators. 

22. Storage Warehouses. 

‘ Including "warehouses in which merchandise is stored and 
which the railway companies or others operate commercially as 
storage warehouses.” 

23. Wharvs and Docks. 

24. Coal and Ore Wharvs. 

25. Gas Producing Plants. 

26. Tel(‘graph and Telephone Lines. 

27. Signals and Interlockers. 

28. Power Dams, Canals, and Pipe Lines. 

29. Power Plant Buildings. 

Including “the cost of the buildings of power plants 
erected to furnish power . . .” See Account 45, p 10!)S. 

30. Power Substation Buildings. 

Including "the cost of the buildings of power substations 
erected to transform power . . .” See Account 46, p 1098. 

31. Power Transmission Systems. 

Including “the cost of high-tension transmi.ssion systems, 
. . . used for transferring power from producing plants to a place 
where it is transformd . . ." 

32. Power Distribution Systems. 

Including "the cost of distribution systems, . . . for con- 
veying low-tension electric power from producing plants or trans- 
former stations and for conveying steam and comprestair from 
producing plants to the place where used . . 

33. Power Line Poles and Fixtures. 

34. Underground Conduits 

35. Miscellaneous Structures. 

36. Paving. 
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37. Roadway Machines. 

Including boilers, cars (hand-, lever-, motor inspection-, 
push-, etc), concrete mixers, ditching and dredging machines, port- 
able engins, grading and hydraulic outfits, hydraulic jacks, pile 
drivers, unloading plows, rail unloaders, rock crushers, steam 
rollers, etc. 

38. Roadway Small Tools 

39. Assessments for Public Improvements. 

40. Revenues and Operating Expenses During Construction. 

41. Cost of Road Purchast 

42. Reconstruction of Road Purchast. 

43. Other Expenditures — Road. 

44. Shop Machinery. 

45. Power Plant Machinery. 

46. Power Substation Apparatus. 

47. Unapplied Construction Material and Supplies. 

(Nos 48, 49 and 50 left blank.) 

II. Equipment. 

61. Steam Locomotivs. 

52. Other I.ocomotivs. 

53. Freight-train Cars. 

54. Passenger-train Cars. 

55. Motor Equipment of Cars. 

56. Floating Equipment. 

57. Work Eiquipment. 

58. Miscellaneous Equipment. 

(Nos 59 to 70, inclusiv, left blank.) 

III. General Expenditures. 

71. Organization Expenses. 

72. General Officers and Clerks. 

73. Law. 

74. Stationery and Printing. 

76. Taxes. 

76. Interest during Construction. 

77. Other Expenditures — General. 

References* etc. 

19. Acknowledgrment to Gillette'* <*Co»t Data." For most of 
the information, given in the following paragraphs, on the engineer- 
ing features of railroad construction cost, we are indebted to Mr. 
Halbert P. Gillette’s monumental “Handbook of Cost Data", (1910- 
1914, McGraw-Hill Book Co.), which we have very freely used 
at the author’s invitation. In using the material selected, how 
ever, we have digested and arranged It to suit the purposes ol 
“TRAUTWINE", and have frequently substituted deductions fron 
Mr. Gillette’s figures, in the place of the figures themselves. Owinj 
to differences in methods of classification of construction cost Items 
we have frequently been obliged to rely upon assumption for th< 
proportions of a ^ven reported item chargeable to this or to that 
“account” of the Interstate Commerce Commission, Classificatloi 
of 1914 (US). 

20. Caution. We repeat that all of our data, on railroad con 
struction cost, are intended, not as business quotations, but merei3 
as indicating the range within which the cost of a given item, oi 
the cost per mile, may reasonably he expected to fluctuate. 
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21. liist ot Reference*. The following arc the principal state- 
ments respecting steam railroads, in Mr, Gillette’s “Coat Data’’, to 
which reference is made in the text below. There, as here, the 
reference is indicated by the folio number, prefixt by the letter “G”. 
Thus, “G 1418’’ means “See Gillette’s ‘Cost Data’, page 1418”. 

Miles of 


G 1289. Winchester & Beattyville R R, Kentucky. 
Built, 1893, in rugged country, to open up a mining 
district. Mux grade, 1% ; max curv sharpness, 0®, 
except for two 12* curvs. Labor, $1.25 per day. 
John U. Pearson, Eng. News, 1893, Sep 14, p 209. 

G 1290. A logging railroad In northwestern 
Penna, built 1890. Ruling grade, 3.3%. Max curv 
sharpness, 18*. Country very rough and heavily 
wooded. Wages, $1.25 ? per 10-hour day. Costs 
^ven refer to the heaviest part of the line. 

Cf 1291. Texas. Flrst-clasg^ branch line of St. 
Louis Southwestern Ry. Ridge line, nearly all tan- 
gent. Built, 1903. 

G 1303. Great Northern in Washn. Original cost. 
Built by contract, at reasonable prices, in 1891-4. 
Crosses rugged mountain range. Cascade tunnel cost 
over $2,500,000. 

G 1306. Fairhaven Southn branch. Easy country. 
G 1307. Spokane Falls & Northn branch, about 
1890. 

G 1308. Washn & Great Northn branch. 1906. 
Mountainous country. 

G 1310. Great Northn in Washn. Original cost 
plus Improvements to 1906. 

G 1319. Great Northn in Washn. Reproduction 
estimate, 1906. 

G 1321. Northn Pac In Washn. Original cost 
plus improvements to 1906. Built about 1880. 
Difficult and costly explorations. Built largely by 
company forces, 

G 1329. Northn Pac in Washn. Reproduction 
estimate. 1906 

G 1331 Oregon R R & Navigation Co., in Washn. 
Built 1876-1899. Original cost. 

Oregon R R & Nav Co. Reprod’n est. 

Stt of Wis. VaVn by W. D. Pence, ’07 
Stt of Wis. Valuation by W. D. Taylor, 


Stt of Mich. Valuation by M. E. Cooley, 


G 1332. 

G 1334. 

G 1336. 

1903-4, 

G 1336. 

1900. 

G 1347. Stt of Minn, Reprod’n est, 1908 
G 1353. C, M & St. P in S. Dak. Prac’y no rock 
excav. D. J. Whittemore,* ’98. 

G 1354. Texas. Prices used in est’g cost of RRi 
G 1362. N. Pac. syst. Vai n by Chf Engr,* ’07-8. 
G 1374. Gt. N. syst. Val'n by Chf Engr,* ’07-8. 


line” 

track 

8 

9 

7 

12.13 

13.7 

488 

527 

32.3 

130.5 

151.3 

83.9 

91.8 

768.0 

954.8 

768.0 

954.8 

1645 

2205 

1045 

2205 

501 

560 

501 

569 

7090 

10179 

6657 

9271 

7813 

10882 

7596 

10438 

1101 

1187 

> in state. 

5875 

7605 

6635 

8116 


*Appraisal by Chief Engineer of road, in a rate case. Presumably 
not underestimated. See H 12. 
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COST DATA 

GENERAL ACCOUNT I. ROAD. 

Primary Account 1. 
Eng:ineertns:. 


Surreys. 

22. Under “surveys" we here include reconnaissance, preliminary 
survey and location, and such other professional engineering work 
as may be required prior to the beginning of construction. 

23. Importance. The adoption of an inferior line paeans increas^t 
construction cost, or iucrcast operation cost for every train during 
the lifetime of the road, or both. The whole cost of surveys will 
usually be much < 1% of the total cost of the line; and It is poor 
economy (especially on important lines) to stint the expenditure 
upon surveys, in the matter of either salaries, subsistence or appli- 
ances and conveniences. 

24. ReconnnlMNance consists of an exploration of orcas, rather 
than of lines. The party includes usually a chief engineer, a tran- 
sitman, a topographer, a draftsman, a rodman, one or more axmen, 
and a cook where required ; and the monthly payroll may ordinarily 
range from $750 to $1,500, depending upon the importance of the 
line ; but the tim(?. devoted to reconnaissance, varies, hetw very 
wide limits, with the importance of the line and the character of 
the country, especially as to the number of apparently favorable 
lines requiring Inve.stigatlon. The cost of reconnaissance therefore 
varies widely; hut it will probably seldom exceed say $25 to- $50 
per mile of constructed line, or 0.10% to 0.25% of the construction 
cost. 

2.’). Preliminary survey and locution. The party will usually 
include 

Salaries, $/month 


Locating engineer 125 to 175 

Assistant engineer 100 to 125 

Transltman H5 to 100 

Lcvelcr 80 to 90 

Topographer 70 to 100 

Draftsman 70 to 90 

Rodman 50 to 05 

Chainmen ; 2, at $40 1o $50 80 to 100 

Back flagmen 00 to 40 

Tapemen ; 1 or 2, at $00 to $45 00 to 90 

Stakemen 00 to 05 

Axmen ; 2 to 5, at $25 to $00 50 to 150 

Total; 14 to 18 men 

Engineering salaries per party per month. 

when labor costs $1.50/man-day $800 to $1160 


26. Where the party is to provision itself, add a cook and helper 
at $60 to $80 total per month. Provisions may range from $175 
to $350 per month ; or the party may he “boarded" at about the 
same or a little greater expense. Add other expenses as beloHv : — 
$ per month per party 


Salaries, as above. 

800 

to 

1160 

Subsistence, 

250 

to 

500 

Team, 

75 

to 

1.50 

Contingencies, 

25 

to 

125 

Total. 

$1150 

to 

$1935 


27. Preliminary and location coHt» per mile of surveyf for a 

iflven monthly outlay for surveys, depends upon the character ol 
ihe country and upon weather conditions. Rough country and 
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spvoro weather, by reducing the mileage coverd by a given outlay, 
increase the cost per mile surveyd. 

38. In moderately rough country, prelim survey may be expected 
to cost from $30 to $4p per mile of prelim survey : and location 
from two to three times these figures per mile of location. In 
prairie country, half as much, or less; and, in very rugged country, 
twice as much, or more. 

29, The survey cost, per mile of constructed line, may he as 

miK'li as three or four times the survey costs, above indicated, per 
mile of line mrveyd. 

99. For a given cost per mile of survey, the line-mWa cost of sur- 
vey depends upon the character of the country and upon the limi- 
tations imposed as to max grade and max curv-sharpuess. 

.'ii. A ridge, prairie, or river-bank line, offering but little if any 
choice botw alternate lines, will require fewer miles of prelim sur- 
vey. per mile of flnisht construction, than will a cross-country line, 
in rough country, which may re<iulre the investigation of several 
promising lines before the bc'st can he selected for location. In 
rough country, restriction of grades and of curv-sharpness of course 
increases survey cost per mile of finisht construction. 

Engineering. 

92. Probable range of engineering cost ; deduced from a com- 
parison of eighteen tabulations in **(’ost Daia” — 

% of total 
.$/line-milc coustru cost 

I’lcliinituiry and location surveys, ir>0 to 400 % to 1 

1‘higineeriug during construction (lay- 
ing out of work, and superin- 
tendence), 400 to 1900 1.5 to 3 

Total “engineering”, 550 to 1700 2 to 4 

Primary Account 2, 

Land lor Transportation Purpoaes. 

Heal Estate. 

33. I'crhaps in no other Item is greater caution required, when 
di'duciug tlie cost of a proposed line from the actual or estimated 
costs of other lines, than in that of real estate for right of way, 
for stations and terminals, for water supply, etc. 

34. The price per acre may vary from $10 or less in waste 
lands, to $20,000 or more for terminal sites in cities ; and the cost 
of such sites Increases rapidly with time as a result of city develop- 
numt. Indeed, land is Irequently donated to railways, by govts or 
business interests desirous of the services of the road in developing 
tlio conutrv or the trade of the city ; and, on the other hand, vin- 
dictiv or avaricious property-owners frequently hold out for exor- 
lutant prices, which the companies often pay rather than resort to 
condemnation, which Involves legal proceedings, and which restricts 
the company’s use of the land to Ity purposes. Owing to conse- 
quential damages and inconvenience to property-holders, it is usually 
accepted as equitable that land, tor Ky purposes, should cost tlie 
company from two to five times the market value of adjacent 
property. See “the right-of-way multiple,” H 36, 39. 

35. The right-of-way width may vary from 50 feet or less for 
a cheap single track line In prairie country, to 200 ft or more for 
a low-grade trunk line, with from two to four tracks, deep earth 
cuttings and high earth embankments. The area and the prices ol 
the lands required, for yards, stations, etc., vary widely with tha 
nature of the traffic. 

1 acre per mile = 8.25 ft right-of-way width; 

06 ft width = 8 acres per mile; 

100 ft width - 12.12 acres per mila, 
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36. The ratio, 


cost of land, to Ry Co. 


market value of same land, for ordinary purposes 
Is called <<the risht-of^way multiple.^ 

37. Promoting. The matter Is further complicated by the fact 
that Ry companies frequently purchase a wider right-of-way than 
their transportn purposes require; expecting to sell the surplus at 
prices enhanced by the construction of the road, or being compeld 
to this course as a concession to recalcitrant property-holders. 

ExampleM. 

38. In 1906, the Texas R R Commission, in valuing a Ry line, 
assumed, (G 13r)4) : — 

Right-of-way $ 50 per acre 

Depot grounds $100 “ “ 

Reservoir grounds $ 25 “ “ 

.39. The Western I‘aeific Ry connects San Francisco, Cal., with 
Salt Lake City, Utah, passing thru Sacramento, Oakland and other 
Important Cal cities. In Cal, It acquired, for its 377 miles of line 
in that State, 6064 acres of land = say 16 acres per line-mile, 
classified as follows by Walter Melvin Wells, Right-of-way Expert 
for the Cal R R Commissn. Eng-Contr 1913 Aug 20, p 215 : — 

Av cost 
to Ry Co, 
$/ acre 


Ezclusiv 
of San 
Francisco 
terminals 


f Country lands, 85.2% 

I Suburban property, 8.4% 

) City water-front property, 2.6% 

\ City residence property, 1.5% 

f City business property, 2.3% 


100 . 0 % 

San Francisco tennluals, 177 acres purchast In 
highly improved city warehouse district 
All classes 


102 


4,630 


450 


18,862 

085 


The prices paid, for the portions acquir<‘«i hv oondemuation, were 



Rural and suburban 

in cities I 

Market value 
when purchast 
Cost to 

Railway Co 

per acre 

$15 to $1,000 

$37 to $3,672 

per sq ft 

$0.20 to $0.60 

$0.24 to $1.50 

per ft front 

$0.30 to $0.40 

$0.20 to $1.60 


40. For 981 miles of steam and electric railway line in Cali- 
fornia, Investigated by the State R R Commission, Including the 
377 line-miles of the Western Pacific (H 39), Mr. Wells gives 


■ 



Land Cost to R R Co. | 



Acres, 


Ba 

Per 

im 

Character of lands 


Total 


line- 

EHS! 


est’d 



mile 

\mm 



$ 

■ill 

? 

226 

desert & waste lands. 

Kisni 


10 

167 

310 

Mt & timber lands, 

4,980 

89,739 

18 

289 

445 

farm lands, and lands 






in unincorp’di cities, 



104 

1,675 

981 

totals and averages. 






rural and unincorp'd, 
within Incorp’d cities 
including W. Pac 


871,061 

55 

890 

0 






San Fran terminals 

928 


7,036 

00 

081 

totals and averages, 

16,688 

7,400,421 

444 

7.540 
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41. Tbe following table, referring chiefly to conditions in the 
middle and far west, illustrates the wide range in values of real 
estate, both per line-mile and in its ratio to total construction cost. 
Column A (Constrn) Includes real estate cost (Column B). Where, 
for a given road, two values are stated, under B, or under 100 B/A, 
the first refers to right-of-way, and the second to real estate ac- 
quired for other purposes. Note the diffs in ratio betw these two. 


Ci 11180 Winchester & 

Ih'attyv, (MineRR). Ky* 

G 11100 Fair Haven & 

Southern Wash 

G ll’.OS Washn & Grt 

N’orthn Wash 

G 11107 Spokane Falls & 

Northern Wash 

Duluth & Mankato, § Minn 
W Pac, t (1139) Cal 

G 11103 Gt Northern, 

part. See below Wash 

G 11531 Oregon R R & 

Nav, Wash 

G 1 1532 Oregon R R & 

Nav. (reproducn). 

G 1310 Gt Northern, 

See above, plus ira- 
prov('ments. Wash 

(i 1311 Gt Northern, ^ 

(reproducn) Wash 

(;1310 20 lines (1140) ^ , 

t in Cal 

r, 1321 Nor Pacific, orlg 

& imprvmnts, Wash 

G 1329 NP, (reprod) Wash 

G 13.77 NP, entire line,1I 
G 1374 Grt Northern, 
entire line (K 138) H, 

G 1336 All lines in Wis 

G 1347 All lines In Minn 

G 1336 All lines in Mich 


V line-mi 


Line 

Miles 

A 

Constrn 

B 

R1 Est 

lOOB 

A 

8 

13,650 

428 

3.14 

32 

22,565 1 

2,230 

84 

9.90 

0.37 

84 

36,519 [ 

1,064 

3 

2.92 

0.01 

1.30 

1.57 

377 

17,445 

22,000 

1,000 

2.170 

17,500 

5.75 

9.80 

488 

44,412 { 

4,056 

230 

0.13 

0.42 

500 

23,931 [ 

400 

1,884 

1.67 

7.87 

500 

27.122 

4,487 

16.55 

768 

40,848 [ 

3,759 

3,432 

7.54 

6.90 

768 

66,753 j 

3,870 

18,350 

5.80 

27.50 

981 


7,540 


1,645 

38,897 j 

1,092 

827 

2.80 

2.16 

1,645 

54,277 1 

3,820 

16,150 

7.04 

29.70 

5,875 

(50,800 j 

5,425 

12,930 

8.9 

21.3 

6,635 

56,500 

13,160 

23.30 

6,657 

24,814 \ 

3,719 

0 

14.9 

0 

7,596 

7,813 

44,726 [ 
21,535 ' 

9,637 

3,552 

113 

21.6 

16.45 

0.52 


Averages, 41,2t)0 9,360 22.60 


42. Tendency to advance. The tendency of real estate cost to 
advance, not only absolutely but relatlvly also, is illustrated by a 
comparison of the averages, deduced in t^ table, with 

the following estimate, publlsht by Mr. J. F. Wallace in Eng Mag, 
1895 Dec, Vol 10. 

*Eng News, 1893 Sep 14, p 209. , ^ , 

tEng-Contr, 1913 Aug 20. Includes $607,421, incidentals, 
j w “ Excludes “ “ 

tt Construction costs not given. 

II Chief Engineer’s estimate. 

§Eng News, 1900 Dec 27, Supplement, p 210. 1905 acres @ 
$100. Estimated costs. 
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Table showing tendency of real 
p 1103). 

1 estate 

cost to advance; 

(1142, 

1895 

Dollars 

A 

Total 

per line mile 

B 

Right-of-way 

and 

Terminals 

100 B 

A 

For trunk lines, with 90-lb rails. 

36,150 

Rt-of-w’ay 

2,000 

5.5 



Terminals 

5,t»00 

13 8 



Total 

' 7,000 

19.3 

For main line.s, connecting towns 

22,850 

Rt-of-way 

1,500 

0.6 

and cities of minor impor- 


Terminals 

1,500 

e.ft 

tance; and with alinements 



— 


and grades admitting of eco- 


Total 

3,000 

13.2 

nomical construction, 




; 

For branch lines, with two pass’r 

13,G00 

Rt-of-way 

1,000 

7.4 

and 3 or 4 frt trains dly ; 


Terminals 

500 

3.7 

afinements and grades less 




— 

favorable than above, 


Total 

1,500 

11.1 

Averages 

24,200 

Rt-of-way 

1^0 




Terminals 

2,333 

9.6 



Total, 1895, 3,833 

15.8 

From H 41 

41,200 


9.300 

22.6 


Roadbed CouBtruction. 

43. Roadbed construction (construction preliminary to track- 
laying) may l>c taken as Including primary accounts 3 to 7 

inclusiv (see U 18). It is made up principally of Account 3, Grad- 
ing (including clearing and grubbing) ; Account 5, Tunnels and 
Subways ; and Account ft, Bridges, Trestles and Culverts. 

44. With given unit costs of material and of labor, tbe line-mile 
and the track-mile cost of each of the items included under “Road- 
bed” varies betw very wide limits. Thus, a prairi(‘ line may require 
no tunnels, bridges or trestles, and little or no grading; whereas, 
In difficult country, nearly tbe entire line may well require clearing, 
grubbing and heavy grading, while tunnels, culverts and bridges 
may he of frequent occurrence; especially where the modern tend- 
ency to reduction of operation cost, by Improvement In allnement 
and In grade, necessitates more numerous and heavier cuts and fills, 
culverts, bridges, etc. 


Primary Account 3. 

Grading. 

45. Grading includes clearing and grubbing, blasting, breakwaters, 
bulkheading, excavation and embankment, filling in under bridges 
and trestles and over culverts, steam shovel operation, use of spoil 
banks, revetments and retaining walls, riprap, wing dams, and 
tempofary trestles for fills. 

Clearing; and g;rubblng;. 

45. The cost of clearing (removing trees and brush) and that of 
grubbing (removing stumps and roots) are sometimes included (In 
bidding) with that of grading; or one price may be named for 
clearing and grubbing, together ; but clearing and grubbing are fre- 
quently estimated separately, because often only a portion of tbe 
cleard area requires grubbing. Thus, the stumps and roots may be 
left in place under embankments, except where these are very 
shallow. 
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47. Units. The cost of both clearing and grubbing is usually 
stated In dollars per acre ; sometimes In dollars per “square” of 
10,000 sq ft. The cost of grubbing is sometimes given in dollars 
per sq rod (100 sq rods = 1 acre) and sometimes in dollars per 
“station”, covering the right-of-way along 100 ft of line. 

48. XHementa affecting coat. The clearing and grubbing cost, 
per unit of area, depends upon the density, species and size of the 
lim1«'ring, upon the amount and character of tlm underbrush, upon 
tlie character and accessibility of the ground, and upon the dls- 
f)()sition to be made of the material removed. This cost may be 
largely or quite olTset. or even exceeded, by the value of the timber 
cut. The apparent grubbing cost is affected also by the method to 
l»c emi)loyd in the subsequent grading. Thn.s, a steam shovel (in 
earthl, or blasting (in rockl, does much of the work which ordi- 
narily would be clast under grubbing. On the other hand, the use 
of scrapers requires careful preliminary grubbing ; and that of the 
elevating grader is still more exacting. 

4!». The line-mile cost, for clearing and grubbing, depends further 
upon the clearing area per line-mile, and this, in turn, upon the 
rifilit of-way width, and upon the proportion of this occupied by 
Woodland and brush. 


1 

5 

8 2 

5 10 

10 5 

feet width = 

((1212 

0 0(10 

1 

1.212 

2 

acres per mile. 

20 

24.7.*) 

30 

33 40 

41 25 

feet width = 

2 424 


,3.030 

4 4.848 

5 

acres per mile. 

40 5 

50 

82,. -) 

100 105 

200 

feet width = 

0 

0.00 

10 

12.12 20 

24.24 

acres per mile. 


r»0. Usually, from 1 to (> acres per mile ( = a uniform strip from 
s,“o to 49.ri ft wide) requires clearing 
r>l. Tlio site of the I’.rockton, Mass., filter beds had 480 trees 
I from 6 to 24 ins dlam) per acre — one tree to each 01 sq ft; a 
dense growth. (J 104,*). 

S3. Tlio costM of clearing and of grubbing may ordinarily be 
exi)cclod to range as follows : — 



(3<‘aring 

G nibbing 

('l(*aring and 
grubbing 

I'ei- tree or sturii}) 

-i; 1 to 2 

.$ 0 05 to 1 

$ 1 to 3 

I’er acre 

,$25 to 150 

$25 to 150 

$ 50 to 300 

(’ommonlv assumed at 


$50 

Ter line-mile 

$50 to 000 

$50 (o3()0 

$100 to 1000 


Earthwork. 

.'iS. “Grading” proper Includes (besides clearing and grubbing), 
“earthwork”, or the excavation, transportation, depositing and 
compacting of earth, in its various forms, and of gravel, hardpan 
(cemented gravel), loose rock and solid rwk. Where the cuts fur- 
nish irisuiliclent quantities for the fills, the deficiency is made up 
by taking malorial from “borrow-pits”, aud the work is then usually 
classified as “embankment”. 

54. ElementM affecting; cost. The cubic-yard cost of earthwork 
varies widely with the nature of the material, with its accessibility, 
with its quantities, with the facilities for handling it, with the 
skill of the contractor, and with the wage rate, but especially with 
the dlst thru which it must he transported. See pp 1024-1035. On 
any considerable work, however, the long and the short hauls are re- 
garded as compensating, and It is customary to contract at a flxt 
cu yd price for each of the several kinds of material encountered, 



1106 


EAILEOADS 


with a specified limit of hauMength, beyond which the contractor Is 
paid (usually one cent per cu yd of “overhaul”) for each 100 ft 
of excess dist. 

55. Ordinarily the cubic-yard cost of earthwork (hauling In- 
cluded), In cents, may be taken as ranging as follows: — 


Barth, 

16 to 80 

Average 

22 

Hardpan and cemented gravel, . . 

35 to 45 

40 

Loose rock, 

40 to 55 

50 

Hard rock, 

75 to 110 

100 

Grading, all materials, average, 

30 to 45 

37 


56. Cost per mile. For a given cn yd cost, the mile costs, for 
earthwork, of course vary betw very wide limits, depending upon 
the quantity of grading required per mile, which, in turn, depends 
upon the character of the country and upon the necessity for favor- 
able grade and allnement in the finisht line ; a given country 
naturally requiring more earthwork for a line of closely limited 
grades and curvature, than for one where heavier grades, and 
sharper and longer curvs, may be permitted. See table of itemized 
costs, 

Barthwork Coat, Classified by Materials. 

57. In the followingr table, under each material, the rys are 
arranged in the descending order of their grading cost for that 
material, as a percentage of the total earthwork cost. These data 
(mostly in round numbers) serv to give an idea as to the range of 
grading quantities and costs to be expected, per line-mile and per 
track-mile. For miles of line and of track, in the cases here used, 
see il 21. For their total line-mile and track-mile costs, see H 138. 


1 Earth 


cu yds/mile of 

Wm 

le of 

Percent of 
total earthwork 

Line 

Track 

Line 

Track 

cu yds 

$ 

G 1347 
G1874 
G1329 
G1308 

G 1303 

0 1201 

22230 

25000 

11260 

14800 

6290 

5082 


6380 

7740 

2490 

2888 

1372 


96.1 

74.4 
64.G 

45.5 
24.7 

46.2 

90 8 
56.8 • 

45.8 

21.9 
12.1 

1 Embankments from Borro^v Pits } 

EtEEOB 

7670 

4905 

7100 

3945 

1300 

980 

1200 

780 

30.2 

14.6 

13.4 

7.8 

1 Hardpan. etc. | 

G 1362 
G1303 
01374 
G1291 

II 

5026 

5300 

4190 

3872 

■ 

B 


22 3 
22!5 
17.9 

1 Loose Rock | 

G 1362 

G 1329 
G1303 
G1347 
G1201 

2168 

800 

1510 

565 

1210 

1655 

600 

1390 

410 

1210 

1085 

400 

633 

292 

825 

300 

584 

212 

7.1 

4.6 
5.9 

2.6 
11.0 

10.0 

7.4 

6.5 

4.1 
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Percent of 


cu yds/mile of 

$/mile of 1 

total earthwork 


Line 

Track 

■SI 


cuyds 


1 Solid Rock 1 

G 1308 



6417 

5866 

21.2 

48.7 

G 1303 

4225 

3900 

4500 

mmm 

16.6 

45.6 

G 1319 


3400 

4643 

3740 

12.6 

3T.2 

G1329 

1054 

787 

1160 

866 

6.1 

21.6 

G1374 

1928 

1675 

2120 


6.7 

16.5 

G 1362 


1200 

1700 


6.1 

16.0 

G1347 

345 

250 

372 


1.6 

6.2 

G 1291 

836 

836 


... 

7.6 


Total Earthwork Coat 

Percent of tot 
constr cost 

G1291 

11000 

11000 

5027 


56.4 


G1308 

32500 

29600 

14658 


40.0 


G1362 

30100 

23000 

11000 


31.2 


B 1 



6603 


26.1 


33300 

27200 

18000 

■liiiifiB 

24.0 





4033 

3584 

23.3 


G1347 

23146 

16770 

7044 

■itijn 

19.0 


G 1290 

G 1334 

G 1353 



2233 

5550 


18.6 




3870 

16.1 


ii3(k) 

16566 

1710 

2778 


11.6 

10.6 


G 1336 





Primary Account 5. 

Tu|incl« and Subwaya. 

Tunnels 

7>8. ESlements affecting cost. Tunnel cost, per cu yd, depends 
u{)ua the character of the material to be removed, and the facil- 
ities for Its removal; upon the necessity for, and the required 
character of, lining; upon the quantities of water encounterd and 
the facilities for its removal ; upon the accessibility of the location ; 
upon the cost of labor at the site ; upon the skill of the contractor, 
c‘tc. It is usually less for contract work than for work done with 
the company’s forces by day’s labor. In long tunnels, owing to 
longer hauls, to the necessity for sinking shafts, to the necessity 
and difficulty of ventilation, and to the more expenslv character 
of the plant required. It is usually (other things equal) greater 
than in short tunnels. It is less for the bench than for the 
lieadings; and, for the same reason, it should (especially In small 
sections) decrease as the cross-section area increases. 

59. Cost tdth labor ot $1.00 per day. A study of numerous 
records, Including those given in “Cost Data”, indicates that, re- 
duced to a uniform labor basis of $l.()0/day, the average contract 
price, per cubic unit, for the entire section, of rock tunnels, may 
be expected to range, under ordinary circumstances, as follows ; 


IHHKIE3Z5ilHBIi 

A. Cents per cu ft 
j:: cts/lin ft/sq ft 
of section area 

$ per cu yd 
= 27 X A/100 

Tunnel, 

cents 

% 

6 to 10 ; 

av 7.8 

1.60 to 2.70 ; 


lined Witt 

8.5 to 12 ; 

av 10.5 

2.30 to 3.25 ; 


cone or masonry, .... 

10 to 16 ; 

av 12.5 

2.70 to 4.00; 

av 3.35 1 
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60. Coat with labor at other ratew. For the actual cost, in a 
riven case, multiply the costs, in H 5J>, by actual labor cost, in 
$ per day. 

61. Earth tunnelis» from one-third to one-half of these figures. 

62. Actual eoatj to sklld contractors, about one-third less than 
contract prices; to company, by day labor, from a half to two- 
thirds mo're than contract prices. 

63. Cost per linear loot. For a given cn yd cost, the lin-ft 
cost, for the entire cross-sec, varies (other things equal) directly 
with the number of cu yds per lin ft; and this depends upon the 
cross-sec area. Single-track standard-gage Ily tunnels usually meas- 
ure from 14 to 20 ft in width, and double-track tunnMs from 25 to 
80 ft. The height is usually from 22 to 24 ft. A section, which 
would suffice for an unlined tunnel, must of course be enlarged to 
Oaake room for a lining if this is required. 

For given conditions, the cross-sec area, for double-track, may 
be from 1.6 to 1.8 times that for single track. 

64. Ranf?e of variation of tunnel line-mile cost (see ^ 145). 


Tunnel cost, in 
$ per line-mile 
of road 


G 1853 Chicago, Mil & St. Paul, in Dakota. 1100 miles, 0 

G 1354 Trinity & Brazos RR, Texas, 165 miles, 0 

G 1347 Minnesota railways, 7596 miles, 38 

G 1384 Wisconsin railways, 7090 miles, 120 

G 1336 Michigan railways, 7813 miles, 147 

G 1331 Oregon RR & Navigation Oo., 500 miles, 200 

G 1321 N Pac in Wash’n, 1645 miles, 590 

G 1329 N Pac in Wusirn, 1645 miles, Ileproducn, ost, 1911 

G 1362 N Pac, entire system, est by Chf Bngr, 5875 mi, 670 

G 1374 Gt Nortlm, entire system, est by Chf Engr, 

6(535 ml, 1070 

G 1310 Gt Northn in Washington, 768 miles, 5559 


Sub way H. See 144. 

Primary Accoant 6 
Bridges, Treaties and Culverts 


Bridges. 

65. Costa of bridges may he expected tn range as follows : — 



■■EQ33] 

bridges 




superstructun* 
alone, erected 

ineluding substret 


per lb of 
steelwork 
cents 

per lin ft 
of stretr 
dollars 

per lb of 
steelwork 
cents 

per lin ft 
of stretr 
dollars 

Single-track, moder- 
ate span, usual 
constr’n. 

3 to 4 

30 to 50 

6 to 7 

50 to 100 

Special cases, wider 
roadways, long 
span. 

to7 

to 500 

to 15 

to 2000 


Concrete and masonry bridges 



per sq ft 
of roadwy 
dollars 


Single-track bridges of moderate 
span and usual construction. 

3 to 6 

50 to 100 

Special cases, wider roadways, 
long spans, 

to 12 

to 300 
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For cost of steel, see p986. 

For cost of musonry, see pp 601, 988. 

For cost of concrete, see pp088, 1375. 

66. Weights of steel. The following straight-line formula, for 
wts of steel in highway and in single-track railway bridge super- 
RtriK tores, including their floor systems, is condenst from those of 
Messrs. J. B. Johnson and H. (i. Tyrrell G 1471, 1474. For double- 
track railway bridges, add 90%. See our pp 7:»1 and 738. 

W = L (w -f wL) ; 

where 


=z wt of structure in ll)s ; * L — span in ft ; and 
m, n = coetticients, as follows : 


Bridges for 

Refs lo 
notes IkjIow 

m 

n 

Iliirhways 

A 

50 

2 

Steam railways 

Plate Girders 

Deck 


100 to 150 

9 to 12 

Thru 


500 to OUO 

10 to 12 

Truss bridges 

B 

200 to 400 

5 to 7 

C 

Goo to 050 

__7 

Electric Railways 

I beams (spans 5 to 20 ft ) 


50 

5 

Deck plate girders 

D 

30 

5 

Uiveted trusses 

F 

200 

0 8 


F 

250 

1.5 


A Live load, 100 Ibs/sq ft. Add or deduct 15 Ibs/spau-ft for each 
2 ft of variation from 10 It roadway width, 
b For two loo-lon locos and 4o00 lbs per lin ft of train. 

C. For spans of 30 to 230 ft. Cooper loading R-50 (p 755) ; two 
177.r)-ton locos and 5000 ll)s per lin It of train. 

1) Live load, 2000 Ibs/iiti ft. 

E. " “ , lOOO “ “ 15-ton cars; spans 40 to 200 ft 

F. “ “ , 2000 “ “ 30-tou cars; “ 20 to 180 ft 



67. Fig 1 shows, approx, for each class, the average value of 
W/L = w + nL = wt/span-ft, in railway bridge superstruc- 
tures, as given by this equation. 
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68. For tredtle bentM and |»ierN for ftloara railway bridgOR, add 
9 iWsq ft of proIil« area from ground to rail-base ; for el(‘ctric 
railways, 6 lbs. 

TreatleM. 

69. (Quantities of timber in trestles, including 104 ft B M of 
deck timber per lin ft; and in pile trestles of 4-pile bents, 10 ft 
c to c, G966. 

F = LimH n) = ia A + nL; 

P = L (// -f l»0)/4 

wherein : 

F = total ft B M in stnictnre ; 

L = length of trestle, in ft; 

A = profile area of trestle, in sq ft, from ground to 4 ft below 
rail-base; 

B = A/L = average height; 

P =r lin ft of piling In pile trestle; 

m and n = coefficients as below. 



In pile trestles 

In trestles ] 

For heights 

up 

to 15' 

15' 

to 

25' 

25' 

25' 

to 

50' 

50' 

to 

75' 

Hi 

coefficients 
m — 

n = 

0 

185 

0 

200 

6 

220 

8 

240 

9 

240 

10 

240 


70. Singrle-track pile and timber treMtlea, of moderate heights, 
may be expected to cost from $5 to $10 per ft of length. For 
more than one track, to $15, $20 and more. 

For costs of timber, see p 984. 


CnlTerts. 

For wts and costs of cast Iron pipe, see pp 656, 658 and 995. 
For those of vitrified pipe, and discounts, see pp 575 and 995. 

71. The costs per lineal foot of culverts, in place, vary chiefly 
with the labor cost of placing^ 


Cast Iron 


G 278) 
to 280) 


G 1810 ) 
G 1329 ) 


12 

$^201 

2.50 


18 ^ 

3.50 

3.75 

4.00 


24 


6.00 


, $1.00 3.00 
(Reproducti on es timates) 

[3.08 


G 1713 (Pipe, $16/2000 lbs). 


G1714 (IMpe, $14.50/ton), 
G 1714 (Pipe, $15.80/ton). 


Eng-Contr, 1916 May 31, p 494, 
Highway, State of Washington, 


3.1 

2.58 

2.09 

2.55 


30 

36 1 48 

54 

00 


1 



7.00 

9.00 

18.00 

~2i.0(f 

2 ^ 






« . . 1 





jeoeo 

■ 4 : 09 " 

4.11 

6.66 

7.01 


1L87 

... 

3.14 





Vitrified 


Dlam ins. | 

6 

12 

18 

1 24 

30 

■ Pipe, net, at factory, approx, add freight, 
Culvert, In place, G 278-280, Mass., 1907, 
contract prices, (Labor, $1.75 to $2.25) 

$0.06 

0.20 

0.40 

0.80 

1.30 

0.30 

0.60 

il.lO 

2.00 

3.75 

G 1324, N Pac Ry in Wash, 






Reproduction estimate, 

Eng-Contc, ’18 Feb 5, ip 163, 

Coal mine branch 


1 O .50 

|l.30 

2.60 

3.50 

I 2 .OO 


’ 0.30 

1 0.63 

1.20 





















COST OF TRESTLES AND CULVERTS 1111 

72. Corrugated metal culverts, in place. G 1324, 1715, gives ; — 
36", $3.0i^/lin ft ; 48", 18 ft long (labor $2.00/day) $9.80/1^ ft 

For cost of masonry, see pages COl, 988. 

“ concrete, “ “ 988, 1375. 

“ timber, “ “ 984. 

73. Culverts, of tnese materials, vary widely, with the design 
and cross-section, in their costs per lin ft. Each structure should 
be estimated for itself. 

Line-mile cost. 

74. Line-mile cost of bridges, trestles and culverts on four west- 
ern lines, as follows . — 

G 1319. Gt Northn in Washn, 768 line-miles. Mountainous. Est'd 
reprodetn costs ; 

G 1329. N Pac in Washn, 1645 line-miles. Mountainous. Est'd re- 
prodetn costs ; 

(1 1.374. Gt Northn s.vstcm, 6635 line-miles. Chief Engineer’s esti- 
mate. 

G 1362. N Pac system, 5875 line-miles. Chief Engineer’s estimate. 



Dollars per line-mile. | 



gffsa 

■SSI 

Trc'Ulcs, 





IS ft high 

1670 




19 ft high 


1080 



Total, trestles, 

1670 

1080 

786 

610 

Tluwe and combination trusses. 

' 




span < 00 ft 

40 

5 



60 — l(M> ft 

40 

16 



100 - 150 ft 

229 

161 



> 150 ft 

183 




Total, Howe and comb’n, . . 

492 

182 



I'liiw spans 

T 

59 



Miscellaneous, 


87 



Sit'd bridges, 


_____ 



Hiiperstructure, 

1490 

1730 



Substructure 

473 

327 



Total, steel bridges, 

1963 

2057 



ITowe, combn and steel bridges, . . 

¥4^ 

2385 

1315 

1810 

Bridges and trestles, 

4125 

3465 

inoi 

2420 

Pulverts, 





Log 

112 

26 



Timber, 

74 

79 



Box, 

2 

5 



Concrete 

67 

63 



Stone box 

26 

33 



Vitrified 

36 

415 



Cast Iron 

46 

183 



Total, culverts 

363 


608 

526 

Bridges, trestles and culverts, . . 

4488 



2946 


75. On a lumber railway, 7 miles long, In western Pennsylvania, 
Mr. Wm. Barclay Parsons found cost of timber trestles, of heights 
P ’122 ^ “^gJ250/Une-mlle of road. A S C B Trans 1891, Vol 26, 
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76. BrJdires, Trestles, Viaducts and Culverts. 



Iper 


Iper 


line-mile 


line-mile 


of road 


of road 

In Washington . . . 

. . . . 4662 

In Michigan 

1027 

In Oregon 

. . . . 2655 

In South Dakota 

591 

In Wisconsin .... 

. . . . 2510 

Northern Pacific system 

2946 

In Minnesota 

. . . . 2576 

Great Northern system 

2709 


Primary AccountN H to 12, fncluHiv. 

Track. 

77. Trackwork may be taken as inoludin? I.C.C, Primary Ac- 
counts 8 to 12 inclusiv, as follows : — 

8. Ties 

9. Ralls 

10. Other t.raok material (Inchidlnj? turnouts) 

11. Ballast 

12. Track laying and Surfacing. 

Primary Accounts 11 and 8. Ballast and Ties. 

78. Ballast and ties may be expected to cost as follows : — 

Ballast, cts/cu yd Delivered In track 

Rock 50 to 70 75 to 110 

Gravel and sand 20 to .SO SO to 00 

Ties, cents each SO to 00 40 to 80 

78. Second-hand ties may cost from one-third to one-half as 
much as new ties ; creosoting, from 25 to S5 cb/tie ; other proc- 
esses, 10 to 20 cts ; switch ties, from $10 to $20 per 1000 ft B.M. ; 
$20 to $60 per set. 

80. Renewlnfi: ties may bo expected to cost, approx, 

In stone ballast, about 20 cents per tie ; 
in loose gravel, 0 to 10 cents per tie; 

in cemented gravel, 10 to 20 cents per tie ; 

In hard slag, 9 to 15 cents per tic. 


81. Tie Spacins. 






Ties per 

Ties per 

Tie.s per 

Dist, cen to cen 

30-ft rail 

3.3-ft rail 

mile 

r 

8" 


Vs ft 

18 

lOVs 

3168 

V 

9" 


v*ft 

1777 

ISVt 

3017 

V 

10" 

=: 

“Aft 

16Vu 

38 

2880 

r 

11" 

= 

“/lift 

15'Vs8 

ITVss 

2755 

2' 

0" 


2 ft 

15 

ICVs 

2640 

2' 

1" 

=: 

“Azft 

HVe 

10^725 

2534 

2' 

2" 

= 

“Aft 

13“/a8 

15Vi3 

2437 

2' 

3" 


•Aft 

laVs 

14Vs 

2.347 

2' 

4" 

rz 

Vs ft 

12V7 

1477 

2263 

2' 

5" 

= 

“As ft 

12“/2, 


2185 

2' 

0" 

= 

Vs ft 

12 

1376 

2112 


Primary Account 9. Railtt. 

82. Weigrhts of rails, in pounds. 

per yard; 50 60 70 80 90 100 

per single- 

track mile ; 176,000 211,200 246,400 281,600 316,800 352,000 

Weight, in pounds per single-track mile 

= 2 X 1760 X wt in Ibs/yd of rail. 

83. Coat. From 1888 to 1914, the price of rails, at mill, ranged 
only betw $24 and $32 per ton of 2240 lbs, except in 1897-8, when 
It fell to $18.00. Freight cost is usually about ^ ct/ton/rolle. 
Second-hand rails usually cost a little more than half as much as 
new rails. 
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Primary Account 10. Other Track material. 
84. Joints and fasteningn. 


Angle plates, 

Ibs/track-mile 
1.5,000 to 20,000 

cts/lb 

1 

$/track-mIle 

Spikes, 

Tie phates, 

6,000 to 7,000 
25,000 to 35,000 

2to2V4 

900 to 1400 

Bolts and nuts, 

1,. 500 to 2,000 

2% to 3 

35 to 60 

Rail braces. 

4,500 to 8,750 

3 to 31/2 

135 to 300 


1500 to 2500 rail braces per mile at 10 to 12 cts each, 3 to 3.5 
lbs. each. 


Rail Joints, $2.50 to $5 00 per joint. 

Tlie two angl«‘ bars together (see p823b) will weigh from 20 to 
40 lbs per lin --ft. 

Turnouts. 

85. Switches, from $20 to $30 per set. 

80. The cost of frogs increases with the frog number (see Turn- 
outs and Crossings, Part II, 114). 

Rigid frogs. Nos 8 to 10, $20 to $35 each ; spring-rail frogs, 
$45 to $55 each ; crossing frogs, $225 to $325. Switch-stands, 
$5 to $10 each. 

87. Complete turnout, $150 to $200, including ties, stand, con- 
necting-rods, rail braces, lamp and gard-ralls. 

88. Sidings, from $0.80 to $1.20 per lin ft. See costs of items, 

!I 95. 

Account 12. Track Laying and Surfacing. 

89. Track-laying Includes unloading the ties and rails, trlm- 
mir»g earth to true grade, delivering and placing ties and rails, 
curving and joining rails. 

90. Surfacing includes shoveling the earth in between the ties, 
alining the track, and tamping. 

For costs of laying and surfacing, see estimates of traek-mlle 
(ost, H 145. 

IVack Cost per Mile. 

91. Practically, each mile of track requires its 5280 lin ft of 
ballast, of ties, and of laying and surfacing, and its 10,560 lin ft 
of rails, with their joints and other fastenings. Only the item of 
turnouts is subject to notable variation, in cost/mile, as helw dlif 
lines of the same general character; and this Item (see tables 
lielow) is rolativly insignificant ; its cost ranging usually betw only 
1 and 3% of the total track cost. 

92. Hence, for given unit costs and given construction, the track- 
mile cost of track (given In our tables, below, H i)5) is practically 
constant ; and the Hne-mlle cost is practically = froefc-mile cost 
X number of tracks. 

93. Elements affecting coat. With given material unit costs, 
the track-mile cost of ballast depends upon the ballast cross sec- 
tion ; that of ties upon tie size and spacing (H 81) ; that of rails 
•and fastenings upon wt/yd; and that of turnouts upon their con- 
struction and upon the number required per mile. 

94. Increaaing cost. Improvements In manufacture (and par- 
ticularly large-scale mfr, the consolidation of small plants into 
largf'r systems under common control, and increast effort for effi- 
ciency ) have resulted in material reduction in unit rail costs ; but, 
as above noted (H 83), no great and progressiv reduction, has taken 
place since 1887; and the unit costs of the otlier items (notably 
that of ties, following the growing scarcity of timber) have been 
advancing. Moreover, Increase In wts of rolling stock and in car- 
loadings have called for increasing solidity of construction. Hence, 
the tendency of track cost, per track-mile, is upward. 


40 
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95. T«ble of approx co»t«, deduced from eighteen statements 
given in “Cost Data”, and covering a total of over 48,000 track- 
miles. Practically all of the mileage, here represented, is in the- 
western United States. See if 96. 



Dollars per track-mile 

% of total track cost 

Primary 

Account 

Probable 


K2Q 

KSJj] 

Average 


wn!i 


11. Ballast, 

1200 

500 

jK^njiiill 

13 

7 

12 

8. Ties, 

2000 

1000 


22 

14 

21 

9. Ralls, 

4500 

3000 

3255 

60 

40. 

48 

10. Joints, etc, 

800 

400 



7 

8 

10. Turnouts, 

150 

80 

135 

3 

1 

2 

12. Laying and 







surfacing, 

800 

400 

580 

11 

6 

9 

Track 

9450 

5380 

6800 





= 1.79 1.02 1.29 per lin ft of single traek. 


96. Geoigraphlcal Tabulation, compiled from “Cost Data’’. 
Appraisd trac/c-mile eosts for five Western Ity systems included in 
the summary of il 95, and having a combined mileage = 97 % of 
the total mileage of that summary. For each Item (Ballast, Ties, 
etc) the cost is here given (as in if 95) (1) in dollars per irac.k- 
mlle, and (2) as a percentage of the total track cost of the given 
.system. 


I. C. C. Account 


11 


H 


9 


I Track- 

(i State ; j miles 


Ballast 

$ 7o 


Ties 
$ % 


Kails 


1333 Wis 
1330 Mich 
1347 Minn 
R.R. ; 
1362 N. P 
1374 Gt N. 


10200 

10882 

10500 

7695 

8110 

47393 


Totals & avs | 

Tot track-miles 
& av costs, for 
18 statements, 
from H 95. > 48000 


560 10.2 

342 6.7 

896 12.9 


842 12.1 


800 12 


1095 19.7 

1025 20.2 
1665 24.0 

2070 23.5 
2300 24.7 

1575 22.7 


1470 21 


2900 53 :i 

2630 51.8 
3140 45.2 


3185 45.8 


3255 48 


I.e.C. Account 

10 

12 



Track 

Joints &c 

Turnouts 

l.ay & Surf 

Track 

G State 

miles 

$ 

% 

$ 

% 

$ 

% 

$ 

1333 Wis. 

10200 

516 

9.3 

116 

2.1 

328 

5.0 


1336 Mich. 

10882 

353 

7.0 

135 

2.7 

602 11.9 


1347 Minn. 

10500 

565 

8.2 

132 

1.9 

508 

7.3 

Wmm 

R.R. ; 









1362 N. P. 

7695 

638 

6.1 

260 

3.0 

860 

9.8 

8803 

1374 GtN. 

8116 

910 

9.8 

111 

1.2 

860 

9.2 

9296 

Totals & avs. 

47393 

562 

8.1 

147 

2.1 

610 

8.8 

• 6921 

Tot track-miles 








& av costs, for 

18 statements, 








from)! 96. >48000 

500 

8 

135 

2 

580 

9 

6800 
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Primary Accounts 13-15 inclusiv. 

Track Structures. 

Primary Account 13. Right-of-way Fences. 

97. Barbed wire fence. 

Posts. Wood or concrete, 10 to 30 cts each. Usually 15 to 20. 
Spaced from 10 to 20 ft cens. Setting. 5 to 7 cts each. 

Wire, 2 5 to 3.5 cts/lb. 

Barhd wire fence, complete, 2.5 to 5.5 cts/lln ft of fence. 

OS. Post and rail fence. 

Posts, G to 7 Ins X 2 to 3 ins, 8 ft long, set 3 ft in ground, 
t; to 20 cts each. Set at 8 to 9 ft cens. 

Post and rail fence. 5 to 12 cts/lin ft of fence. Usual contract 
jji iee, in Mass., with one coat white lead, 15 cts/lln ft. 

Worm fences, 7 rails high, about one-fourth less than post-and- 
1 <nl 

Picket fence, painted, 90 cts to $1.50/lin ft. Sami Tobias 
Wagner, Am Soc C E, Trans, 1913 Dec, Vol 76. 

99. GiiH-pipe railing, with cast iron posts, Phila & Reading Ry, 
I'hila. Contract price, attacht to walls, 58 to 75 cts/lin ft. 

Primary Aeeoont 14 . Snow and Sand FcneeN and SnowMfacds. 
J(M>. Snow fenee.s from 10 to 20 cts/lin ft. 

101. Snow nhedH (not to withstand avalanches) .'I^IO to $20/lin 
ft . for avalanches, .$40 to $70/Iln ft. 

Of ooncreto, (It Northn Ry in Washn; per lln ft of shed; 8 cu yds 
n.nc, 1500 lbs steel, $141. Ry Age Gaz, 1911 Jan 13, p 83 

Primary Account 15. Crosalnga and Signa. 

102. The llue-mlle cost of crossings, cattle-gards and signs, will 
seldom exceed $100, but may reach $200 or $300. 

Primary AccountN 16 to 20, inclualv. 

Buildingii. 

Primary Account 16* Station and OflAce Buildings. 

Stations. 

103. Frt, passr and combination stations, of frame or brick ; 
$1 to $2/8q ft of ground coverd, for small, plain one-story frame 
or brick buildings; $3.50 to $5 or over for larger and more elabo- 
rate structures, A second story may add two-fifths to the cost. 

104. Columbia Ave passr sta, Phila & Reading Ry, Phila. Main 
building, ornamental, two stories, 170 X 150 ft ; two concrete plat- 
forms, 800 ft long ; umbrella sheds ; four baggage elevators ; total 
cost, $217,134 = $8.50/8g ft. Three smaller and semi-suburban, 
two-story passr stations, with tunnels and baggage elevators, in 
Phila,, ,$43,000 to $63,000 eacli. Sami Tobias Wagner, Am Soc 
C E Transns, 1913 Dec, Vol 76, p 186G. 

105. Passr stations. Average size, in towns of from 10,000 to 
15,000 population, on 31 rys, about 2000 sq ft. (Comm, Am Ky 
Eng & M W Assn, 1904.) 

106. Platforms, per sq-ft : — cinder. 5 to 7 cts; wood, 8 to 12 
cts ; concrete, 10 to 20 cts ; brick, 20 to 30 cts. 

107. Track scales, from $1200 to $3000 each, installed, accord- 
ing to size and capacity. 

Primary Account 17. Roadway Buildings. 

108. Section houses; $0.70 to $1.30/sq ft of ground occupied. 
Gillette, p 1121, mentions five three-room frame sectlon-houseB 
(‘‘.lap houses”), of very cheap construction, about $0.50 to $0.60 
|)er sq ft. Tool, hand-car and material store houses, $0.25 to 
?0.50 per sq ft. 
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95. T«ble of approx co»t«, deduced from eighteen statements 
given in “Cost Data”, and covering a total of over 48,000 track- 
miles. Practically all of the mileage, here represented, is in the- 
western United States. See if 96. 



Dollars per track-mile 

% of total track cost 

Primary 

Account 

Probable 


K2Q 

KSJj] 

Average 


wn!i 


11. Ballast, 

1200 

500 

jK^njiiill 

13 

7 

12 

8. Ties, 

2000 

1000 


22 

14 

21 

9. Ralls, 

4500 

3000 

3255 

60 

40. 

48 

10. Joints, etc, 

800 

400 



7 

8 

10. Turnouts, 

150 

80 

135 

3 

1 

2 

12. Laying and 







surfacing, 

800 

400 

580 

11 

6 

9 

Track 

9450 

5380 

6800 





= 1.79 1.02 1.29 per lin ft of single traek. 


96. Geoigraphlcal Tabulation, compiled from “Cost Data’’. 
Appraisd trac/c-mile eosts for five Western Ity systems included in 
the summary of il 95, and having a combined mileage = 97 % of 
the total mileage of that summary. For each Item (Ballast, Ties, 
etc) the cost is here given (as in if 95) (1) in dollars per irac.k- 
mlle, and (2) as a percentage of the total track cost of the given 
.system. 


I. C. C. Account 


11 


H 


9 


I Track- 

(i State ; j miles 


Ballast 

$ 7o 


Ties 
$ % 


Kails 


1333 Wis 
1330 Mich 
1347 Minn 
R.R. ; 
1362 N. P 
1374 Gt N. 


10200 

10882 

10500 

7695 

8110 

47393 


Totals & avs | 

Tot track-miles 
& av costs, for 
18 statements, 
from H 95. > 48000 


560 10.2 

342 6.7 

896 12.9 


842 12.1 


800 12 


1095 19.7 

1025 20.2 
1665 24.0 

2070 23.5 
2300 24.7 

1575 22.7 


1470 21 


2900 53 :i 

2630 51.8 
3140 45.2 


3185 45.8 


3255 48 


I.e.C. Account 

10 

12 



Track 

Joints &c 

Turnouts 

l.ay & Surf 

Track 

G State 

miles 

$ 

% 

$ 

% 

$ 

% 

$ 

1333 Wis. 

10200 

516 

9.3 

116 

2.1 

328 

5.0 


1336 Mich. 

10882 

353 

7.0 

135 

2.7 

602 11.9 


1347 Minn. 

10500 

565 

8.2 

132 

1.9 

508 

7.3 

Wmm 

R.R. ; 









1362 N. P. 

7695 

638 

6.1 

260 

3.0 

860 

9.8 

8803 

1374 GtN. 

8116 

910 

9.8 

111 

1.2 

860 

9.2 

9296 

Totals & avs. 

47393 

562 

8.1 

147 

2.1 

610 

8.8 

• 6921 

Tot track-miles 








& av costs, for 

18 statements, 








from)! 96. >48000 

500 

8 

135 

2 

580 

9 

6800 
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completely furni«ht with power, lathet>, planing machines, scales, and 
all other necessary tools and appliances, say $100,000 to $150,000, 
exclusiv of ground. A large yard, of at least an acre, should adjoin 
the buildings. A moderate establishment, for the repair of a few 
locos only, $30,000 to $40,000. 

118. A set of car Khops for the Wabash Ry, at Decatur, 111., 
J.90G, cost $368,000. G 1147. It Included 

Car shop, 88 X 464 ft, at 2.7 cts/cu ft ; 

Blacksmith and machine shop, 80 X 294 ft, at 3.0 

Storehouse, with 2-Btory office, 40 X 464 ft, at 5.5 “ 

Wood mill, 80 X 238 ft, at 2.9 

Cabinet-makers’ shop 40 x 350 ft, at 4.5 “ 

Power house, 60 X 108 ft, at 3.4 “ 

Ml8cellaiicoi]i«. 

119. Tronsfcr tableM, $1000 to $2000 each. See also Turn- 
tables, H 115. 

120. A«h pits, $10 to $20 per lineal foot. 

Primary Account 44* Shop Machinery. 

121. Machinery. A comparison of five locomotiv repair shops 
fibowd costs of shop machinery ranging as follows : — $650 to $950 
per machine; $450 to $850 per loco handled per year; $1.10 to 
.$3 OO/sq ft of ground coverd by buildings. 

VardH. 

122. Freight yards) elevated* with concrete retaining walls. 
Prices, exclusiv of track work. 

Master St. Berks St. York St. 

Capacity, cars, 66 55 104 

Contract price, total, $97,868 $70,350 $67,059 

“ “ per car, 1480 1,280 644 

123. Car-cleaninir yards) Including service building, car repair 
and paint shop, power-house building and piping; but exclusiv ol 
track work and mechanical equipment. See 124. 

124. Coal-poeket yards, including stables, paving, drainage, 
etc. (See also Fuel Stations, i[ 111.) 

Car cleaning yds Coal pocket yds 
Capacity, 230 Cars 20,000 Tons 1,170 Tone 

Contract price, total, $53,327 $273,578 $42,884 

“ “ per unit, • $232 $14 $31 

Phila & Reading track elevation, Phila. Sam’l Tobias Wagner, 
Am Soc C E Trans, 1913 Dec, Vol 76, p 1874. 

For Primary Account 21, Grain elevators, 

“ “ “ 22, Storage warehouses, 

“ “ “ 23, Wharvs and docks, 

“ “ “ 24, Coal and ore wharvs, 

see table of line-mile costs, fl 129. 

Primary Account 26. 

Tclegrraph and Telephone Lines. 

125. Poles, $1.50 to $3.00 each. Galvanized iron wire, 4 to 5 
cts/lb. 

126. Single-wire line, $100 to $200/mile of wire. 

127. Estimated reproduction costs. In Washington. H. P. Gil- 
lette. Gt Nortbn. $74/line-mile ; N. Pac, $161/IIne-mIle. 
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Primary Account 27. Slsnals and Interlockem. 

138. Average Interlocking signal plant, $8,000, Including cross- 
over, 4 derails, 4 high slgs and 6 dwarf slgs. G 1287. 

See also Signals, p 993. 


129. Tabulation of Oostc of Structures in $ per line-mile. 


Ref 

G 

lEI 

G 

131 


131 

m 

Wi 

Total 


1310 


1332 




lETSa 

iWrcl 

Mil’ge 




(Jreg. 





■M 


RR or 

Gt. N. 

N. P. 

RR.& 

Wis 

Mich 

Minn 

N.P. 


&av 

State 

Wash 

fVash 

Nav 




Sys 

Eil 

costs 

Line-miles 

768 

1645 

1^9 


7813 

7696 

5875 

6635 

^1^ 

Item No. t 
16 

H 

971 

305 

5r>3 

526 

796 

1138 

495 

720 

29 

mmm 

666 

165 

548 

276 

916 

675 

550 

580 

18, 19 

vlilii 

245 

218 

255 

132 


448 

390 

294 

21-24 

952 

630 

112 

672 

Eui 

853 

780 

Km 

758 

35 

261 

717 

260 

253 


427' 

312 

369 

412 

13 

87 

166 

255 

227 

353 


116 

115 

211 

26. 27 

61 

153 

78 

123 

97 

269 

272 

390 

214 

44 

196 

179 

46 

242 

142 

241 

186 

270 

211 

14 

245 

79 

50' 

50' 


■a 

92 

112 

73 

Total 

IB 

3812 

1489 


2597 

4048 

4019 

3336 

3473 


For GENERAL ACCOUNT II. EQUIPMENT, 
See n etc. 


GENERAL ACCOUNT III. GENERAL EXPENDITURES. 

139. Under this head may l)c clast such expenses as that of 
effecting company organization, including necessary legislation ; that 
of obtaining a certificate of public convenience and necessity (re- 
quired in some states) ; that of obtaining local franchises and con- 
sents; that of compensation to “promoters*’ (an item subject to 
grave abuse) ; and those connected with the issue and marketing of 
stocks and iMnds, including official authorization, and discount upon 
those securities which must be sold below par. Their total varies 
widely. Mr. Walter Loring Webb (“Railroad Construction”, 1905, 
p394) says: — “It has been estimated that about 2% of the railway 
capital of Great Britain has been spent in Parliamentary expenses 
over the charters.” 


^Assumed for our table. 


titem No. Item. 

16, stations. 

20, Shops and engln houses. 

18, 19, Water and fuel stations. 

21-24, Docks, wharvB, warehouses, stock yds, grain elevators. 
35, Miscellaneous buildings. 

13, Fencing, etc. 

26, 27, Telegraph, telephone and signals. 

44, Shop machinery. 

14, Snow and Ice protection. 
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Primary Accounts 73 (Law) and 76 (Interest during construe* 
tion.) 

131. In statements of actual cost, the item of Interest, plus legal 
expenses, usually ranges between 2.5 and 5% of the total construe* 
tlon cost exclusiv of rolling stock ; but, in estimates, valuations and 
appraisals, the estimators, by assuming long periods of non-re- 
muneratlv conditions, sometimes arrive at much higher figures. Thus, 
in the case of the Gt Northn Ry System, G 1374, where the cost, 
exclusiv of equipment, amounted to |5fi, 330/line-mile, the Chf Engr 
estimated interest at $5690 per line-mile, and legal expenses at 
$.563/liue-mile ; total, $6253/line-mlle. 

GENERAL ACCOUNT 11. EQUIPMENT. 


Primary Accounts 51 (Steam Locomotlva) and 53, 54, 57 

(Freight-train and Passenger-train cars and Work Equipment.) 
132. Locomotiv and tender (7 to 9 cts per pound) 

Passenger and switching-, $10,000 to $12,000 each 

Atlantic type, and freight-, $15,000 to $17,000 “ 


133. Cars 

Pnllman-, $12,000 to $15,000 “ 

Passenger-, $ 6,000 to $ 8,000 “ 

Baggage-, $ 4,000 to $ 6,000 “ 

Freight-, $ 600 to $ 700 " 


134. Coats per llne-mtle» etc. 


G 1317 Spokane Falls, 

G 1314 Gt N, Wash, repr, 
G 1830 N. P., Washn, repr 
G 1317 Gt N System, 

G 1329 N. P. System, 

G 1335 Wisconsin, Pence, 
G 1336 Michigan, 

G 1347 Minnesota, 


Total mileage, 
Average costs. 



$ per line-mile 



125 1465 
260 5060 
319 6978 
224 5415 
324 7048 
127 6865 
90 6180 
175 9472 


% of total rolling stock cost 


Locos 

miles 


G1817 Spokane Falls, 131 37.4 

G 1314 Gt N, Wash, repr, 768 29.2 

G 1830 N. P., Washn, repr 1645 32.1 

G 1317 GtN System, 6635 27.9 

G 1329 N. P. System .5875 31.4 

G 1336 Wisconsin, Pence, 7090 23.7 

G 1336 Michigan, 7818 18.7 

G 1347 Minnesota, 7596 23.7 



Total mileage, 37,553 

Average costs, 25.0 16.1 



For GENERAL ACCOUNT III. GENERAL EXPENDITURES 
See n 130, 131. 
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TOTAL COSTS PER MILE 
Property Investment. 

1S5. Prom the Interstate Commerce Commission’s 27th Annual 
Report on the Statistics of Railways in the United States, for the 
yeiwL ended June 30, 1914, Washington, 1915, Statement No. 44 A, 
we deduce the following data respecting "property Invest- 
me^ in "road and equipment" for the roads represented In the 
statitnent. 

Class T. Roads having annl operating revenues > 000, 000; 

Class II, 

from $100,000, to $1,000,000. 
For definitions of eastern, southern and western districts, see 

ns. -J. 




Class I 


Eastern 

Southern 

Western 

Tot U. S. 

Track-miles 

Property Investment, 

$ per track-mile ; 

32,121 

138,000 

33,418 

67,000 

105,964 

61,700 

171,503 

77,000 


Class II 



U. S. 

Track-miles 

Property investment. 

18,367 

189,870 

37,534 

227,404 

$ per track-mile ; 

43,300 

73,800 

70,000 

74,200 


136. For the Rne-mile property investment of the 189,870 operat- 
ing track-miles represented in thjB foregoing statement, we have 
(see Statistics of Rys in U. S., pp’12 and 13) : 


Total track-miles operated in TJ. S. 387,208 

— _ — = = say 1.5 

Total line-miles operated in U. S. 256,547 


Hence 

line-mile property investment = 


1.5 X $73,800 = $110,700. 
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137. Funded Debt. The funded debt (1014) of the C?laRS I and 
Class II roads and their nonoperating subsidiaries (a total of 
U4:i,790 line-miles), as given on p 32 of “Statistics” for 1914, 
amounts to $11,560,541,553, or $47,400 per line-mile. Assuming 
(see if 136) 1.5 track-miles for each line-mile, we have: l*\inded 
debt, per track-mile = $47,400/1.5 = $31,600. 

Total constrn costa, per line-mile & per track-mile. 

138. The following table indicates (mostly in round numbers) 
the range of total construction costs (including right-of-way, un- 
less otherwise stated) per line-mile and per track-mile. The track- 
mile costs are lower than would be those of single-track lines of 
the same character. 

Dates given (“E-C, 1907 Jun 26,” etc) refer to Engineering- 
Contracting. 

For characteristics of lines, see list of Gillette data, if 21. 


G 1336 ; E-C, 1907 Jun 26. Steam rys of 
Michigan. Estimate, 1900. 

G 1347: E-C, 1909 Mar 3. Rys of Minnesota. 
Reproduction cost. 

(i 1330; E-C, 1907 Jun 26. Rys of Wisconsin. 
Appraisd, 1903-4. 

(} 1.3.34 ; E-C, 1910 Jan 19. Rys of Wisconsin. 
Appraised, 1907, 

G 1.374 ; E-C, 1008 May 6. Gt. Northn system, 
estimate of reproduction cost, 
a 1.3(»3-i:n9 E-C, lOOO Dee 8. Gt Northn Ry 
lilies in Washii, 

G 1303 : Original cost, 

G1310; “ “ plus improvements, 

G 1319 ; Ileproduction cost, 

G 1307: Spokane Palls & Northn branch, 
estimated constru cost, 

G 1308; Washn & Gt Northn branch, 


G 1306 ; Palrhavcn Southn branch. Original 
const rn, 

G 1362; E-C, 1908 Apl 15. Northn Pac sys- 
tem. Appraisal. (Right-of-way = $18,344/line- 
mil<>), 

G 1321 ; E-C, 1910 Jan 12. Northn Pac Ry 
lines in Washn. Original cost plus improve- 
ments, 

G 1329; Reproduction cost. Mr. Gillette’s 
estimate, 

G 13.53; E-C, 1907 Jul 24. Chicago, Mil- 
waukee & St. Paul Ry in S. Dakota, s 

G1331; Oregon R R & Nav Co’s lifies in 
Washn. Original cost (including betterments 
undistributed), 


G 1332 ; Estimate of reproductn cost, 

0 1201; Branch of St. Louis Southwestern 
sas. Exclusiv of land, ' 


Ry in Texas. 
G 
G 


j 1289 ; Winchester & Beattyvll Rit it||Ky. 
3 1290 ; Lumber ry in northwestern P^. 


Tot constm cost 
in $/mile of 


line 

track 

18,161 

13,050 

44,700 

32,500 

22,000 

15,800 

27,600 

19,200 

56,500 

46,100 

44,412 

49,848 

41.000 

40.000 

60,753 

63,600 

17,000 

14,500 

36,500 

33,300 

22,565 



59,514 

45,800 

38,895 

29,000 

54,277 

40,600 

14,726 

13,650 

26,319 

23,200 

27,122 

23,900 

17,320 

15,400 

12,200 

10,850 

0,094 

9,004 
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139. Commercial valnea, and valuatlona for a«»eanneiit> 

per ralle of single track, as determind by the I.C.C. See Census 
Bulletin 21; Tables 1 and 2; 1902-1905. 


e also top of next page. 

Milos of 
single 

Commercial 

Valuation for 
assessment 
for taxation 


track 

Value $ 

purposes 

Alabama, 

4,669 

32,200 

11,550 

Alaska, 

28 

3,600 

Arizona, 

1,751 

39,000 

3,810 

Arkansas, 

4,126 

30,200 

• 8,410 

California, 

6,263 

56,000 

14,900 

Colorado, 

4,976 

39,950 

9,960 

Columbia (Dist), 

32 

174,300 

77,800 

Connecticut, 

1,018 

103,500 

118,300 

Delaware, 

336 

51 ,500 


Florida, 

3,556 

22,500 

6,1.50 

Georgia, 

6,305 

24,800 

10,000 

Idaho, 

1,462 

62,900 

6,920 

Illinois, 

11,623 

69,300 

36,600 

Indn Terr, 

2,532 

31,400 


Indiana, 

6,918 

54,250 

24.000 

Iowa, 

9,859 

35,000 

5,850 

Kansas, 

8,811 

40,500 

6,800 

Kentucky, 

3,253 

47,850 

23,800 

Louisiana, 

3,899 

31,600 

7,400 

Maine, 

2,022 

39,600 


Maryland, 

1,421 

93,1 


Mass., 

2,119 

118,000 


Michigan, 

8,660 

32,1(8) 

22,700 

Minnesota, 

7,811 

59,800 


Mississippi, 

Missouri, 

3,480 

31,000 

8,570 

7,711 

40,200 

12,670 

Montana, 

3,267 

60,100 

11,230 

Nebraska, 

5,821 

. 45,200 

7.020 

Nevada, 

987 

44,300 

1 4,0(8) 

New Hampshire, 

1,276 

62,400 

17,800 

New Jersey, 

2,278 

146,400 

101,700 

New Mexico, 

2,505 

34,500 

3,400 

New York, 

8,297 

108,300 

27,700 

North Carolina, 

4,075 

27,800 

17,100 

North Dakota, 

3,191 

38,700 

6,930 

Ohio, 

9,197 

74,900 

14,600 

Oklahoma, 

2,611 

30,000 

4,560 

Oregon, 

1,737 

43,600 

Pennsylvania, 

11,023 

128,900 


Rhode Island, 

212 

121,400 

74,700 

South Carolina, 

3,175 

23,800 

9,280 

South Dakota, 

5,047 

16,300 

4,700 

Tennessee, 

3,481 

37,700 

10,900 

Texas, 

11,848 

20,100 

8,020 

Utah, 

1,780 

50,800 

11,600 

Vermont, 

1,063 

35,200 

25,700 

16,100 

Virginia, 

3,932 

53,800 

Washington, 

3,356 

54,500 

7,770 

West Virginia, 

2,837 

7,049 

71,000 

40,400 

10,100 

Wisconsin, 

30,900 

Wyoming, 

1,248 

80,400 

6,000 


213.932 

62,600 
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“By ‘Coonmerpial value* is meant tlie estimate placed upon the 
worth of a property regarded as a business proposition.” p 8. *‘An 
effort was made, also, to test the results submitted In this report 
(“Commercial value”) by the formal or implied valuations of rail- 
way properties made by state officials.” (“Valuation for assess- 
ment”), p. 18. From Census Bulletin 21, 

See “The Valuation of Puhlic Service Corporation Prop- 
erly,” by Henry Kurle Riggs, Am Soc C E, Trans, 1911 
June, Vol 72, p 15, Table 1. 

140. Costa per mile of first elnss RRs. The following fig- 
ures of cost per mile of first-cla.ss railroads are condenst and classi- 
fied from R R Gaz of 1000. They Include preliminary surveys, 
clearing right of way, grading, roadbed, ties, rails, ballast and side 
tracks, in shape for operation, but not real estate, stations, rolling 
stock and signals, a — single track, d — double track. 

Six first class railroads in eastern TT.S,, with steel bridges, con- 
(H'te abuts and piers, 80-lb rail, and stone or gravel ballast. 


Year 

Milos of 

$ per 


built 

line 

sld’gs 

line-mile 

Conditions 

1902 

9.00 

s 

5.45 

20,300 

River line. Considerable hill-side 
cut & fill In earth & loose rock. 
Culverts, C I pipe & cone. No 
tunnels. Few bridges. 

1903 

15.77 

8 

3 01 

.37,014 

River line. Heavy side-hill work, 
earth and loose rock. 3 river 
crossings. 

1901 

.30.08 

8 

0.04 

00,028 

River line. Sinuous alinement. 3 
crossings of river .3(K)-500' wide. 
4 tunnels = 1..33 miles total. 

1903 

.3,00 

d 

0 00 

70,3.36 

Detour ar’d city. Sand and gravel. 
Heavy work at 4-track R R cross- 
ing Highway crossings. 2 deep 
ravines. 

1S99 

1.57 

d 

0.00 

105,186 

Connection betw 2 main lines. 
4-track R R crossing. Highway 
crossing. Heavy embankments. 
Extensiv bridging & grade-changes. 

1898 

11.00 

d 

0.00 

50, two 

Detour ar'd city. 4 overhead and 
5 underhead trunk-line R R cross- 
ings. Heavy cuts & fills ; long 
hauls. .3 stream crossings. 


First class branch line in Texas: 

1903 12.13 1.52 19,649 75-lb rail. Mostly tangent on level 

to ft ridge. R R crossing. Few open- 

1904 ings. No side-hill cuts. Consider- 
able fill. Earth ; some loose rock. 


A 

B 


Through trunk-line work, east of Chicago. 

1903 10.72 .... 78,000 Low-grade line 


1903 4.10 2.35 40,700 


. 85-lb rail: 2/3 
excavated in rock ; 1/3 clay & 
loam. 

Ohio. Mine branch. Earth & solid 
rock. Ravine crossing ; Single- 
track, timber-lined summit tunnel, 
475' long; pipe culverts; timber 
trestles. 


C 1903-4 

12.48 

0.50 49,000 

1-) 1902-3 

8.*10 

.... 154,000 


d. 

E 1903-5 

51.84 

25.00 100,000 


d 


W Va. Bituminous coal country. 
River to river ; crossing summit. 

W Va. Cut-off. Tunnel 4120' long. 
0.3% grade eastbound ; 0.8% west- 
bound. 

Ohio. Low-grade line. Heavy 
grading & masonry. Grade’CrosBo 
ings generally avoided. 


76 
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141. Eng News, 1909 Dec 2, p 623. reprints, from Archlv fUt 
Blsenbahnwesen, a table from which we select the following ; 





“Construction 

capital’ 




in millions 

$ per 


Date 

Miles* 

of dollars 

mile* 

Europe 

1904-1908t 

181,853 

23,588 

130,000 

Germany 

1907 

35,058 

3,840 

108,500 

Prance 

1905 

28,973 

3,520 

122,0(K 

Gt Britain 





& Ireland 

1904 

22,630 

6,08A 

271, 00( 

Canada 

1907 Jun 30 

22,447 

1,295 

58,00( 

Cuba 

1905 

1,.534 

66 

43, IOC 


Track Elevation. 

142. In 1907 to 1911, the Philadelphia & Reading Railwas 
Co. eliminated grade-crossings on its line betw Green St and Wayn( 
June, I’hiladelphia, 4.3 line-miles. The work included 

3,365 ft of 4-track steel viaduct, 27,180 tons, 

11 signal bridges, 

67,500 cu yds third-class masonry in retaining walls, 

151,800 “ concrete “ in abuts and walls 

430,400 “ embankment, 

4,322,000 ft lumber in temporary trestles, 

16 stations and other buildings (Including Columbia Av< 
station, (I 104, costing $217,134), 

30.1 miles of permanent single track, 

46 industrial connections reconstructed, 

7 miles telegraph, telephone and electric light conduit, 
139,620 cu yds excavation for street-grade changes, 

18,306 feet of sewers, $276,679, 

104,312 sq yds of street driveway and sidewalk paving. 

The total estimated cost was $7,659,740, or say = $1,785,000 pei 
line-mile = $255,300 per track-mile. 

Sam’l Tobias Wagner, Am Soc C E, Trans, 1913, Dec, Vol 76. 


Slevated and Subwaj Rlla. 

143. Elevated railroads. Per mile; total. 

G 1370-1379. New York and Brooklyn, Double-track, exclusli 
of equipment, $300,000 to $350,000 per double-track mile. (N( 
real estate cost.) 


144* Subvrny. 

G1392. New York. A half-mile, double-track, cost the contrac 
tors about $800,000, made up approx as follows : — 


Earth excavation 
Rock “ 

Concrete 

Steel 

Underpinning, etc 
Other items 


410.000 
5,000 

90.000 

120.000 
125,000 

50.000 


$800,000 

For itemized and total cost per mile of surface electric linei 
see H 146. ^ 

•Whether line-miles or track-miles Is not stated, 
flncludes Netherlands, 1897, with 1653 miles, $138 million. 



145, The following table glv^ps the itemized cost of steam railroads, per line-mile and per track-mile, and the 
percentages of total construction cost Uncludlng equipment cost) for three typical lines, representing, respectivly, 
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Tunnels, I 5559 

5. Tunnels and subways, I 5559 4460 7.65 


































G 1319 G 1347 | G 1290 


COSTS P£B MILE 


1127 



35. Miscellaneous structures, | 314 I 252 | t>.48 | 572 I 416 























G1319 I G1347 I G1290 
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146. Surface electrle railroads. The discrepancies, betw the 
totals of the following statements and estimates, are explaind partly 
by the wide diffs betw the given per-mile costs of certain items, and 
partly by the omission, from some of the statemepts and estimates, 
of items included in the others. The more important of these 
omitted items are noted below. Owing to diffs of classification 
l)ctw the several authors, we have been obliged, in some cases, to 
resort to assumption in proportioning the costs. 

G 1417. First-class third-rail suburban line, 62.5 miles long, of 
which 6,5 miles were laid in city streets. Exclusiv of real estate. 

G 1418. Estimate. Interurban trolley R R, based upon experience 
in New England in 1902. Exclusive of buildings, power and equip- 
ment. 

G 1419. Third-rail line. (The total, for an otherwise similar trol- 
!ov line, was $832 less per line-mile). Exclusiv of land, grading, 
bridges, trestles and culverts. “Electric Railways,” by Sydney W. 
Ashe, 1907 

G 1438. Estimate. 3 miles of double-track trolley line. Exclusiv 
of grading, bridges, trestles and culverts. “Street Railways,” by 
0. B. Fairchild, 1892. 

G 1440. Estimate. Max cost of 4-track third rail suburban R R. 
Exclusiv of engineering. “Electric Railway Economics,” by W. C. 
Gottschall. 190.3. 



Dollars per single-track mile | 

Primary accounts 

QQ3 




QBS3I 

1 Engineering, 

2 Land for 

1000 

600 

1000 

1000 


transpt’n purposes, 


1000 


2083 

20000 

Grading', 

1536 

7230 



6000 

1 ) Bridges, trestles 






and culverts, 

2481 

2350 




^ Ties, 

1540 

1426 

1980 

1267 

1848 

!) Ralls, 

3600 

3465 

3819 

7000 


10 Other track material, 

965 

686 

1000 

800 


11 Ballast, 

12 Tracklaying 

1856 

1500 

1760 

2376 

4125 

1650 

and surfacing, 

725 

1056 

600 

1584 

13 Right-of-way fences, 

280 

640 

467 



16 Station & oflfc bldgs, 

212 


225 



IX) Shops & enginhouses, 

384 



4834 


44 Shop machinery, 

26 Teleg & teleph lines. 

144 

400 

150 

1417 


27 Sigs & interlockers. 

560 

1600 

500 



29 Power plant bldgs, \ 

45 “ “ mach’y, f 

3144 


3275 

20791 

18000 

30 “ substa bldgs, ) 

46 “ “ apparat, | 

1432 


3000 



31 “ transm’n systs, 

32 “ distrlb “ , 

1232 

1100 

1404 

560 

2500 

3209 

2200 

2600 

1180 

7000 

33 “ line poles & fixtrs, 


650 

450 

1607 


36 Paving, 




14079 


Other items. 

4680 

270 

2304 

1500 

4400 

Permanent constretn, 

28980 

26173 

24534 

62028 

82623 

Equipment ; 

54 Pass’r-train cars. 

2440 


5500 ^ 

12437 

8000 

57 Work equipment. 




1442 


Perman’t constrn & ea’p’t, 

31420 

26173 

80034 

75907 

90623 


For total per-mile costs of elevated BBs and subways, see 
1111143,144. 
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EAILBOAl) STATISTICS 

Table 1. la the United Staten. 

(From Reports of the Interstate Commerce Commission.) 

Class I. Roads having an’l op’g revenues over $1,000,000; 

Class II. “ “ “ “ “ from $100,000 to $1,000,000; 

Class III. “ “ “ “ " less than $100,000. 


For years ending June 30 1800 1907 1914 

Classes 1 

Plant a II & III 

Line-miles built in one year 4,051 5,588 *t2,454 

Line-miles in op’n at end of year. 192,556 227,455 *254,555 

Track-miles in op’n at end of year 258,784 327,975 *384,115 

Rolling stock in operation 

Number of locomotives 37,663 55,388 *65,658 

Classes I 
&II 

Number of passenger cars 34,713 43,973 *39,859 

“ " baggage, express and 

postal cars *13,607 

“ “ freight and other 


cars 

unclassified cars . . . 


“ “ all cars 

Oonntraetlon Gout of Rewd 
and Equipment. 

Total, in millions of dollars 

No. of line-miles represented 

Cost per line-mile, $ 

Operation For One Year. 

Pass’rs carried 1 mile, per line-mile 
Tons of frt “ ** “ “ “ “ 

Gross earnings from operation,^. . . 

per line-mile 

from passengers, $ 

“ freight, $ 

“ other sources, $ 

“ all sources, $ 

per passenger-mile, from pas’rs, $ 

per ton-mile, from freight, $ 

Pass’r earnings -f- tot earnings., 
Fr't earning^s -f- total earnings.. 
Other earnings -r total earnings 
Tot earn’s -r const & equipt cost 

Expenses, per line-mile, $ 

Expenses -i- constr & equipt cost... 

Expenses gross earnings 

Net earnings per line-mile, $ 

Net earnings const & equip cost 


1,416,125 2,082,621 *2,450,356 

Class III 

*11,807 


Classes I 
II & III 


,450,838 

2,126,594 

*2,515,629 

Classes 1 
&II 

10,263 

13,030 

*16,937 

181,437 

210,793 

*235,986 

56,567 

61,816 

•71,770 

Classes I 
&II 

83,295 

123,259 

144,278 

735,366 

1,052,119 

1,176,923 

2,067 

3,032 

3,476 

5,466 

8,123 

8,596 

189 

228 

315 

7,722 

11,383 

12,387 

0.0200 

0.0201 

0.0198 

0.0073 

0.0076 

0.0073 

0.2677 

0.2664 

0.2806 

0.7078 

0.7136 

0.6940 

0.0245 

0.0200 

0.0254 

0.1365 

0.1841 

0.1726 

4,993 

7,687 

8,944 

0.0883 

0.1244 

0.1246 

0.6465 

0.6753 

0.7220 

2,729 

3,696 

3,443 

0.0483 

0.0598 

0.0480 


*£xcluding switching and terminal companies. 
tExcludina Alaska and Hawaii. 

iOast as %oss Earnings" in I. C. C. reports for 1900 and 1907, and 
as "Operating Revenue" in I. C. C. report for 1914. 
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Table 2. Class 1 Roads In the United States, by Districts, 
1914. 

Aggregates of such of the reports of Class I roads as were considered 
sufficiently complete for inclusion. 

Class I roads arc those having an’l op’g revenues over $1,000,000. 


Plant. 

Eastern 

District 

Southern 

District 

Western 

District 

Total 

Line-miles in operation 

Construction cost of road and 

32,121 

33,418 

105,964 

171,503 

equipment, per line-mile, $ 

Operation For One Year. 

133,941 

64,135 

60,205 

74,781 

Gross earn’s per line-mile, $ 

22,195 

11,074 

9,632 

13,157 

Expenses per line-mile, $... 

16,801 

8,038 

6,539 

9,479 

Expenses -r gross earnings. . 

0.7570 

0.7258 

0.6789 

0.7205 


Table 3* Items of Operating Expenses for Maintenance and 
Operation of Class I Railroads, for year endii^ June 30, 1914. 
Condenst from Report of Interstate Commerce Commission for 1914, 
Statement No 42 A, pp 59-60. 

Compare Train Operation Cost, p 1082. 


Average line-mileage operated, 225,445.43. 

$ per 

Total $ line-mile 


Per cent 
of total 


Roadway and Track: 
Ballast 


Track Structures: 


Crossings, signs, fences, etc. 

Signals, telegraph, etc 

Buildings, fixtures and grounds.. 
Docks and wharves 


Total, Maint Way & Structures. 

Maintenance of Equipment: 

Superintendence 

Repairs 

of locomotivs 

of cars 

of floating equipment 

of work equipment 

Renewals of equipment 

Depreciation of equipment 

Miscellaneous 

Total, maint of Equipment 

Traffic (Agencies, advert’g, etc) 

Table concluded on next page. 


20,914,050 

93 

0.977 

7,109,605 

32 

0.332 

65,769,736 

292 

3.074 

18,720,319 

83 

0.875 

21,109,628 

94 

0.987 

146,481,436 

650 

6.846 

37,147,465 

165 

1.736 

8,567,305 

38 

0.400 

16,320,242 

72 

0.763 

37,389,272 

166 

1.747 

3,246,420 

14 

0.152 

20,907,115 

93 

0.977 

403,682,593 

1792 

18.866 

. 15,063,195 

67 

0.704 

. 175,869,571 

780 

8.219 

. 214,981,597 

954 

10.047 

943,622 

4 

0.044 

4,886,329 

22 

0.228 

. 17,547,413 

78 

0.820 

. 73,737,457 

327 

3.446 

. 17,171,090 

76 

0.803 

. 520,200,274 

2308 

24.311 

. 62,366,351 

276 

2.914 


* Applying ballast, ties, rails and other track material; track mainte- 
nance: care of roadbea; general cleaning; patrolling and watching; 
changing alinement and grades; bank protection; filling; train service, 
etc. 
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Table 3, concluded from p 1131. 

$ per Per cent 


Transportation: 

Total $ 

line-mile 

of total 

Superintendence and despatching. . 

44,962,961 

199 

2.101 

Station employees 

147,350,812 

654 

6.886 

Yard conductors and brakemen 

60,559,700 

269 

2.830 

Yard enginmen 

35,028,591 

155 

1.637 

Yard loco fuel 

33,594,011 

149 

1.570 

Yard and station operatn, misc. . . . 

69,452,990 

,308 

3.246 

Road loco, fuel 

201,637,470 

895 

9.423 

Road enginmen 

127,247,552 

564 

5.947 

Road loco, other expenses 

61,328,588 

272 

2.866 

Road trainmen 

137,270,401 

608 

6.415 

Train supplies and expenses 

39,430,240 

11,374,397 

175 

1.843 

Operatn of interlockers and signals 

50 

0.532 

Train operation, misc 

8,740,448 

39 

0.409 

Miscellaneous 

96,003,219 

425 

4.487 

Total, Transportation 

1,073,981,380 

4762 

50.192 

(seneral (Admin’n, insnee, &c) .... 

79,525,390 

553 

3.717 

Total, Maint and operation 

2,139,755,988 

9491 

100.000 


Each of these expense items is, however, subject to wide variation, 
not only as betw different roads, but, on the same road, from year to 
year. A road with many bridges, deep cuts, high embankments, etc, to 
be kept in repair, will have heavier maintenance of way cost than one 
which has but few of these; and this item may be relativly small one 
year, and twice as great the next. Fuel may be cheap on one road, and 
dear on another; and this of course materially affects the cost of motiv 
power. And so with the other items. Some times the annual cost of 
maint of way exceeds that of motiv power and cars together. At others, 
the cost of conducting transportation is fully half the total expense. 

Train-mile cost (see p 1081. f 6) in the United States for 1911, ac- 
cording to the Report of the Interstate Commerce Commission for 1911, 
averaged as follows: 

Train-mile 

Gross annual operation cost cost 

On railroads of Class I, not less than. $1,000,000 $1,555 

“ “ “ lit between $1,000,000 and $100,000 $1,349 

*' “ " “ lilt not over $100,000 $1,410 

When a road does a very large business, of such a character that the 
trains may be heavy and the cars full (as on coal-carrying roads) the 
train-mile cost is large, and vice versa, altho, on coal roads, half the 
train-miles are run with empty cars. 



fFable 4. Il«vetilte per mile, per passenger-mile, and per ton-mile, total gross earnings and expenses per line-mile, and 
operating ratio of some of the Class I railroad Companies in the United States in 1914 From Report of the Inter- 
state Commerce Commission for Year ending June 30, 1914. Class I railroads are those having annual operating rev- 
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TIMBfiB. 


VBESEBTAllON OF TIMBER. 

Art. 1. (a) The decay of timber is caused the growth and 
activities of fungi. The minute spores of one of these fungi, germinating 
on a piece of wood, send out fine threads, which enter the wood cells and 
soon give off a complex compound called a ferment or enzyme, which die* 
solves certain parts of the wood fibre. The dissolved fibre serves as food 
for the fungus. The threads throw out branches and sub-branohca, and 
soon the timber is permeated by a mass of such threads, the growing parts 

which give ofi ferment. The action of the ferment changes the che m ica l 
and physical properties of the wood, renderina it, in some cases, like brown 
charcoal, in others wlute, soft and stringy, and the wood is said to be rotten 
or decayed. Eventually some of the threads grow out from the surface 
of the timber, and form toadstools and other excrescences. Under these 
are found cavities containing thousands of sporea, which, when ripe, art 
blown off into the air and settle upon other timbers, where the process la 
repeated. Moisture and heat are favorable to the growth of the fun^ ai 
are also the starches, sugars and oils found in the cells of the sapwood but 
wanting in the heartwood. If protected from the action of these fungi, 
wood will last indefinitely. Hence the accumulation of deadwood should 
be avoided.* If air is excluded, as when timber ia kept constantly and 
entirely immersed in salt or fresh water, the fungi cannot thrive. Sap, 
confin^ in timber whh air, ferments, producing dry rot| as where beams 
are enclo^ air-tight in brickwork, etc.; and where green timber is painted 
or varnished, or treated with creosote, etc. The sap then not only prevents 
the thorough penetration of the oil, etc, but may cause the greater part of 
the wood to rot although its firm outer i^ell gives it a deceptive appearance 
of strength, (b) Sap should theiefore be first removed by seasoning! 
i e, either by drying the wood in air at natural or higher temperatures 
or by first steaming the wood under pres so as to vaporize the sap, and 
then removing the latter by means of a vacuum. Thorough seasoning of 
Arge timbers in dry air at ordinary temperatures mi^ require years; and 
too rapid kiln-drying cracks and weakens the wood. But it is questionable 
whether steaming and vacuum remove sap as thoroughly as do the slower 
dry processes, (c) Alternate exposure to water and air is very destructive. 
It causes wet rot. 

. Art. 2, Sea-worms. The Hmnoria ierebrant works from near high* 
water mark to a little below the surface of mud bottom; the teredo navalii 
within somewhat less limits. The teredo is said to be rendered leas active 
by the presence of sewage in water. 

Art. 3. (a) The best timber-preserving processes are practically useless 
unless thoroughly well done. If the g&in in durability will not war* 
rant the expenditure of time and money reqd for this, it is more economical 
to use the wood in its natural state, (b) Tlie woods best adapted to 
treatment are those of an open or porous texture. They absorb the 
etc better than the denser woods; and their cheapness j^nders the use of 
die treatment more economical, (c) Most of the processes in common use 
seem to render wood less combustible, (d) After treatment by any proceks, 
the wood should be well dried before using. 

Art. 4. (a) Creosote oil, or dead oil, is the best known preservative. 
Against searworms it b effective for 15 to 25 years, and b the only known 
fwotection. (b) As temporary expedients, piles are sometimes covered with 
Mieet metal, or with broac^headed nails driven close together. These rust or 
wear sway in a few years. Oak piles, cut in January, and driven with the bark 
on, have reebted the teredo for 4 or 5 years; and cypress pUes, well diarrecL 
for 9 shears, (c) For ordinal^ exposures on bnd, 8 to 10 ibs creosote oil 
per cub ft are reqd say 070 to 830 lbs per 1000 ft board measure 30 
to 40 !t» per cross tie 4 cub ft. For protection a^inst sea-wmrms 10 to 
12 tbs per 6id> ft suffice in cUmates like those of Great Britain and the 
Northern U S; but in warmer waters where the teredo b very active, Bom 
14 to 20 tbs per cub ft are used. Large timbers may not require saturatioo 
throughout, and thus may take less per cub ft. But see (i) and end of Art 
1 (a), (d) Creosote oil weighs about 8.8 lbs per U. S. gallon, (e) The 
sticks should be reduced to their intended final dimensions and fnmbd (a 
framing b reqd) before treatment; especiallyif for exposure to tmedo, which 


* See paper by Dr. Hermann von Bohrenk, read before the American 
Railway Engineering and Maintenance of Way Aasoobtion, March, 1901* 
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to mire to attack any spots which (as by subsequent euttlngO are left nnproi 
tooted, (f) Creosoted ties have remained sound after 22 years’ exposure. 
The creosote protects the spikes from rusting, (g) Spruce and tamarack. • 
owing to their irregular density, are unsuitable for creosoting. (h) Creosote 
renders wood stiffer and slightly more brittle. In hot weather it exudra to 
some extent and discolors the wood. Its smell excludes it from dwelHngs. 
(i) It does not wash out from the wood, but often fails to penetrate tbs 
heart-wood. Then, if any sap remains, decay begins at the center. See 
end of Art 1 (a). Bumettizing the oen of the stick (see Art 7) and using a 
coating of creosote outside, has long been suggested as the best possible 
method. It is the principal feature of the Afiardyce process. This is 
cheaper than thorough creosoting. In the Rtttgers process, which has 
been successfully emmoyed for tiejs in Germany since 1874, the creosote and 
a solution of eino chlonde are injected simultaneously. G) In the creo* 
resinate process * the preservative fluid consists of creosote 38 per cent, 
formaldehyde 2 per cent, and melted resin 60 per cent. 

Art. 5. (a) Mineral solutions are inferior to creosote, even on land} 
and useless in running water or against sea-worms; but they approximately 
double the life of inferior timber under ordinary land exposures; and their 
cheapness permits their use where that of creosote is too expensive. (bl 
They render wood harder; and brittle if the solution is too strong. They 
are liable to be washed out by rain, etc. Hence the outer wood decays first. 
See Art 4 (i) Art 8 (b) (c) (d) . (c) A committee of the American Soo of Civ 
Engrstt after collating a large number of experiments, recommended Bur* 
ncttlzing (Art 7) for damp exposure, as that of cross ties, damp floc^ 
etc; and Kyanizlng (Art 6) for comparatively dry situations with 
exposure to air and sun-light, as in bridge timbers, for which it is better 
suited than Bumettizing because it seems to weaken wood less. In such 
exposures it preserves wood sometimes for 20 to 30 years. 

Art. 6. (a) Kyanizlng consists in steeping the wood in a solution ol 
1 lb of bi-chloride of mercury (corrosive sublimate) in 100 tbs of water, (b) 
It is usual to allow the wood to soak a day for each inch of the thicknees ot 
4east dimension of the piece, and one day in addition, whatever the^size. 
(c) Gen’l Cram found the process very unhealthy, ’‘salivating all the men”! 
but Mr. J. B. Francis, at Lowell, and Mr. H. Bissell, of the iStstem R R of 
Ma%, had little or no trouble in this respect. The sublimate, however.^ 
which is very poisonous, is apt to effloresce, and the use of the timber is thus 
rendered dangerous, (d) The process is valuable for timber placed in 
moderately damp situations, but the salt is liable to be washed out by run* 
mng water. Kyanized spruce fence posts, planted 4 ft in the ground, at 
uwell. Mass, in 1850, were examined in 1891, and most of them were found 
very sound both above and below the surface of the ground. 

Art. 7. (a) Bumettizing consists in immersing the wood for several 
hours in a solution of 2 tbs chloride of zinc in 100 lbs of water, under a 
pres of from 100 to 300 tbs per sq inch. 

Art. 8. Other preventives, (a) Steeping in a solution of sulphate 
of copper (blue vitriol) has been extensively used, but does not seem to 
have been permanently successful. The blue vitriol washes out readily, 
(b) In the Barschall or Hasselmann proceBS.t introduced in Gennany 
m 1887, in the U 8 in 1899, the wood is boiled, at a temperature freon zlfr 
to 284° Fahr. and under a pressure of from 15 to 45 lbs per sq inch, in a 
solution of iron, copper and aluminum sulphates and “Kainit,”^a sulphate 
of magnesia and potash, mined at Stassfurt, Germany. The solution is said 
to oarry off the sap (timber being more readily treats by this prooess when 
green than when seasoned), while the copper destroys the fund, and tha 
mm forms an insoluble compound with the cellulose or woody fibre. It il 
claimed that the process greatly hardens the wood, cspeeiMbr^ softec 
varieties, rendering them suitable forties, without impamto|^H|p.ftreca{th, 
elasticity or pliabmty. (c) The Wellhouse process tn|eu|iniut> tocolii- 
tion of chloride of zinc with glue, and then one of tanam^tboth ondsf 
pressure), in order to diminish the subsequent washing out of the obloride. 
In a later modification, the sine, glue and tannin smtionf are injected 
separately. Several millions of ties have fae» treats b this way. The 


* See A Proposed Method for the Ffesmtte of Timber ** by P. il 
Kummer, Transactions. Am Soo C E. Vol XUVrMeember. 1900i 
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process b not recommended for sub>aqueous use. (d) Processes in which 
the wood is treated by painting or soaking * are : Carbolineum America 
(C. A. Wood Preserver) and Carbolineum Avenarius (Tar^oil, chlorine, etc), 
Lisni Salvor (Tar-oil, etc), Woodilineand Spirittine (chemical solutions) and 
a distillate of pine used by the l^ennsyivania Railroad Co. for car work, 
(e) Fence-posts etc seem to be preserve, to some extent, by haying only 
their lower ends dipped in tar well boiled to remove the ammonia, which 
last is destructive to wood. The upper end must be left untarred to let 
the sap evaporate, (f ) Attempts at wood oreservation by means of vapor 
of creosote etc have proved failures, (g) While wood remains thoroughly 
saturated with petroleum it does not decay. But unless the supply is 
kept up the oil evaporates and leaves the wood unprotected, (h) (Jotton- 
wood ties laid upon a soli containing about 2 per cent carbonate of lime, 
1 per cent salt and 0.5 per cent each of potash and oxide of iron, on the 
Union Pacific R. R. in 1868, were found in 1882 “ as sound and a good deal 
harder than when first laid,” although such ties in other soils lasted but 
from 2 to 5 years. (1) The use of solutions of lime and of salt; and char- 
ring the surface ; are sometimes found useful in damp situations, j. 


* See Report by 0. Chanute to the American Railway Engineering and 
Maintenance of Way Association, March, 1901. 
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Art. 4. Ultimate aTeragre tenutle or cohesive strengrth of 
Timber, 

Being tlift least weights In pounds which, if attached to the bwer end of a vert rod 
jne inch square, firmly upheld at its upper end, would break it by tearing it apart, 
For large timbers we recommend to re<luce these constants % to % part. 


The HtrenethR in rII these tables may 
readlh he one third part more or less 
than our averages. 

1 Lbs per 

1 sq. inch 

.Aider 

141)00 

A.-,!!, kiiglish 

160n0 

* AiU'-rican (author) abt. .. 

16600 

Hin h 

l.'.OoO 

“ Amer’n black 

7000 

lliiv-tree 

12000 

Hi't'cli, English 

11500 

li.iinbou 

6000 

Box 

20000 

Cedar, Bermuda...., 

7600 

“ (iuadahmpe 

9500 

Chestnut . 

13000 

“ horse 

10000 

Cyprus 

6000 

Klder 

10000 


6iK)0 

” Canada. 

13000 

Kir, or Spruce 

10000 

Hawthorn 

10000 


18000 

11 (illy 

10000 

Hornbeam 

20000 

li'ii'kory, Araer’n 

11000 

ingnura Vitte, Araer’n 

11000 

i. (Hire wood :. 

2:1000 

l.<uch, Scotch 

7000 

!,(h imt 

18000 

Maple 

10000 


Mahogany, Honduras 

Spanish.. 

Mtiiigrove, white, Bermuda.... 

MuUiorry 

Oak, Ainer’n white 

“ “ basket 

“ “ red..... 

“ Dautzic, seasoned .. 

“ Riga 

“ English 

“ live, Amer’u J 

Pear 

Pine, Amer’n, white, red, » 
and Pitch, Memel, Riga*. 3 

Plane 

Plum 

Poplar 

Quince 

Spruce, or Fir 

Sycamore 

Teak 

Walnut 

Yew 

Avronn the g^mln* Oak.. 

“ “ “ Poplar 

“ “ *'■ I, arch, 900 to 

“ Kir, & Pines ( 


Lbs per 
sq. inch. 


16000 

lUUOO 

12000 


10000 


10000 

10000 

11060 

11000 

7000 

7000 

10000 

12000 

16000 

8000 

8000 


2300 

isno 

1700 

650 


Thfsk are averages. The strengths vary much with the age of the tree; the 
l<.'f,ality of Its growth; whether the piece is from the center, or from the outer por- 
tions of the tree; the degree of soasoning; straightness of grain; knots, Ac, Ac. Also 
inasiiiiich as the consiaiits are diMluced from experiments with good specimens of 
sniall size, whereas large beams are almost invariably more or mss defective flrom 
knots, crookedness of fibre, Ac, it is advisable in practice to reduce tliese constants 
as recommended above. 


* Effect of Tappliiji; Trees for Tnrpeiitine. Preliminary experi- 
ments by the Forestry Division of the U. S Department of Agriculture upon 
long-leal pine from Alabama indicate that (contrary to the generally received 
impression) *tur]jentiiie timber," i.e the timber of trees that have been 
“boxed” (robbed of their turpentine), while it has slightly less tensile and 
shearing strength, is from 20 to 30 per cent, stronger in compression (whether 
with or across the grain) and under tr.msverse strain. In the “ turpentine tlm 7 
ber,” however, the resin collects in spots, gumming 1 be tools, and thus rendering 
the timber harder to work than that of trees which have not been deprived of 
their turpentine. The specimens tested were taken mostly at heights of from 7 
to feet above ground. 1 Circular No. 8 . Issued 1892.) Boxed and unboxed 
Umber are frequently called *' bled*" and “ unbled ” respectively. 
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Art, !• €«npremtT0 strenfTtlui of Amerteaa wooda^ «pAoi 

dowljf and ccare/nUf snasoned. Approximate aTeragee deduced from iiiauT expert, 
aente made with the U S Govt testing mactilne at Watertown, Mass, by Mr. 8. P, 
Sharpies, for the census of 1880. Seasoned woods resist cnishing much better 
than green ones; in many oases, twice as well. This must be allowed for when 
building bridges, Ac, of timber recently cut. Different specimens of the same wood 
vary greatly ; frequently as fr to 8, 9* or more. 



specimen, and one-fourth of its lengGi. The first oolnmn (headed “Dl”) gl^w the 
loads producing an Indentation of .01 inch. The second eolnmn (headed ^J**) gi^** 
thoae producing an indentation cd Jl inch. 
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Table of safe qaleaeent loads for borlsontal ree* 

tanirnlnr beams of white pine or spruce, one Inch broad. 

snpported at both ends, and loaded at the center; togethef 

with thelt deflections under said loads. 

Tbe safe load is here one-sixth of the breaking load. < 

For the neat loads, deduct ^ the wt of the beam Itself. Tbe 
however, are the aclml ones ; the wts of the beams having been introduced in cal* 
filiating them. 

lioads applied suddenly will double the deflections In the table : js 
when, for instance, if a load is held by hand, just touching a beam, the hold should be 
sviiiknlg loosed. 

<7antion. Inasmuch as this table was based upon well seasoned, straight 
'rained pieces, free A:om knots, and other defects, we must not in practice take 
more than about two-thirds of the loads in the table for a safety of 6 in ordinary 
building timber of fair quality ; and with these reduced loads should not r^uce 
the deflections. 

Obserwe also that our table is for safe center loads, but it is plain that 
in practice we cannot always apply the term in its utmost strictness ; otherwise 
the load would have to be sustained by a mere knife-edge, at the ve^ center of 
iiK utiam. Now, in the case of K«m. p. 1140, if we attempted to sustain the centsr 
I <d<l of 6076 lbs upon such a knife-edge, it would at once cut the beam in two. If 
we even applied it along 8 or 4 ins of tbe length, it would cut into it. and we should 
not have a safety of 6 i^inst crushing the top of the beam until as in the case of 
the ends we distributed the load along full 46 ins of length, or about 82 ins for a 
lafety of 4. 

The safe load Is here ^ of the breakg one; and the last at 460 lbs at the 
c, nter of a beam I Inch square, and 1 foot clear length between its supports. For 
mere temporary purposes, ^ part may be added to the loads in the table, thus mak- 
ing them equal to the ^ of the breakg load. But in important structures, sublet 
t' vibration, ^ part should be deducted from the tabular loads, thus reducing 
then', to ot the breaking load. This is especially necessary if the timber is not 

vM.p <(.Hrt()iied. 

With the safe loads In this table a beam may bend too 

mneh for many practical purposes. When this is the case, we may, by reducing 
the loads, reduce the deflections in nearly the same proportion. 

All the loads in the Table are superabundantly safe against shearing. 

dgHlnst crushing at the ends, dc, see ** Cantions *’ below the Tabl& 

Original 


UeptF 

of 

l>eam. 

ins. 

1 

2 

a 

4 


?p8Bnnr|Bpan^T!JPpanTOPp!nn!irf^Ppan!^^ 

beam, 
lbs. 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 


load 

fiw. 

19 

76 

170 

aoo 


675 

919 

1200 

1620 

1876 

2270 

2700 

3676 

4800 

6076 

7600 

9075 

110800 


.22 


def|toad{ 
lbs. 
13 
60 
114 
200 
312 
460 
612 
600 


.04 1014 
.04 1260 
.04 1614 
.03 1800 
.08 2460 
.02 6200 
.02 1060 
.02 5000 
.02 0060 
.02 7200 


defjloadi 
lbs. 

r 

.46 
.30 
.22 
.18 
.16 
.12 
.11 
.10 


.08 1135 
.07 1880 
.06 1837 
.05 MOO 
.06 9087 
.04 9760 
.04 1687 
.041^ 


detfeoadl 


B>b. 


67 
120 
187 
270 
367 
480 
607 
760 
907 
.1811080 
.11 1470 
.10 1820 
.00 2480 
.06 9000 
.07 9630 
.00 


lbs. 

e 

25 

67 

100 

166 

226 

806 

400 

607 

626 

767 

900 

.226 

Jieoo 

12026 


.11130261 

.loy^l 


lbs. 


21 
48 
86 
134 
193 
262 
843 
434 
636 
648 
772 
h060 
|l872 
]l736 
.I8bl46 

.ler 


deflload' defJ 
insjlbs. insJ 


.8011200 
.2711618 
.2th876| 

. 20^001 


(Ooatinaed on next page.) 
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Table, eontinned. (Original.) 


bopth 

Span 

18 ft 

|8pan 20 ft. 

jSpan 26 ft, 

ppan 30 ft. 

ppan 35 ft. 

|Spuii40ft. 

Wt. of 

beam. 

!• 1)1(1 

tlef. 

load 

def. 

load 

Idof 

load 

def. 

load 

def. 


def 


Ins. 

lbs 

Ills. 

tbs. 

ins. 

lbs. 

ins. 

lbs. 

ms. 

lbs 

ins. 

ftiH 



6 

1.50 

1 4 

135 

1'.8 

108 

2.9 

90 

45 

77 

6.5 

67 

9.2 

12 

7 

204 

1.2 

184 

16 

147 

2.5 

122 

3.9 

10.5 

68 

92 

7.6 

14 

8 

267 

1.0 

240 

1.3 

192 

2.1 

160 

3.2 

137 

4.6 

120 

6.4 

16 

9 

3:i8 

.92 

304 

1.2 

243 

19 

202 

2.8 

174 

4.0 

152 

5.5 

18 

10 

417 

.82 

375 

1.0 

300 

1.7 

2.50 

2.5 

214 

3.5 

188 

4.9 

20 

II 

605 

,74 

454 

.93 

seii 

1.5 

302 

2.2 

259 

3.2 

227 

4.3 

22 

r 12 

600 

.68 

540 

.86 

432 

1.4 

360 

2.0 

808 

2.9 

270 

3.9 

24 

1 14 

817 

.58 

73.5 

.72 

688 

1.2 

460 

1.7 

420 

2.4 

367 

3.2 

28 

ae 

1067 

.60 

960 

.6.1 

768 

1.0 

640 

1.6 

648 

2.1 

480 

2.8 

32 

18 

1360 

.45 

1215 

.66 

972 

.90 

810 

1.3 

694 

1.8 

607 

2.5 

86 

20 

1666 

.40 

1600 

..50 

1200 

.79 

1000 

1.2 

867 

1 6 

750 

2.2 

40 

22 

2017 

.87 

1815 

.45 

14.52 

.72 

1210 

!i.i 

1037 

1.6 

907 

2.0 

44 

24 

2400 

,33 

2100 

.41 

1728 

.66 

1440 

.96 

1234 

1 3 

1080 

1.8 

48 

26 

2817 

.81 

2526 

.38 

2018 

60 

1684 

.88 

1449 

1 2 

126.1 

1.6 

62 

28 

3267 

.28 

2940 

.3.) 

2.152 

.55 

I960 

.81 

1680 

1 1 

1170 

1.5 

56 

30 

3760 

,26 

3.1:5 

3.1 

2700 

..50 

2250 

.76 

1928 

1 1 

1687 
19 ’0 1 

1.4 

1.3 

60 

32 

4267 

.25 

384<1 

30 

3072 

.45 

2.560 

.71 

2194 

1 0 

64 

34 

4817 

.23 

4. VI) 

29 

340S 

.44 

2*'90 

67 

2477 

.92 

2167 !l 2 

68 

Lil_ 

5400 

.22 

4860 

.27 

3888 

.43 

1 3240 

.63 

2777 

.86 

2430 

ILl 

72 


White oak, and beet boathern piteh pine will bear loada W 
•greater. 

i'or eaNt iron, mult the loadiv iu the table by 4..'> ; and for wrought by 
5.3 For theMo now loads, luiilt the delk by .4 lor cost ; uud by 3 lor wrought. 

If the load id equally didtribiifed ovei the span, it may be twue as 

G eat as the center one, and the defs will be tunes those m the table. If the 
Mtdd In the table l>e equally distributed along thu whole beam, the defs will 
be but tlve-eigbths as great os those in the table. Wlieu more 

aocunuy is leqd, half the \U of llie heaiii itself must be deduc'od from the center 
load; and the wliule of it from an etpially diKtrihuted load. The wt of the beam, in 
the tost column, supposes the wood to he but moderately seasoned, and theretore to 
weigh 23 S tbs pel cub It. 

iTseM of the lorevoina table. Ex. 1. What must be the breadth 
of a hor rect beam of wh pine, 18 ins deep, nipported at both ends, and of 20 ft clear 
length between it* supports, to bear safely a load of 6 tons, or 11200 ttw at its center? 
Here, opposite the depth of 18 ins in the table, and in the column of 20 feet lengths, 
wo find tliat a beam I inch thick will bear 1215 lbs; consequently, = 9.22 ms, 

the reqd breadth ; for the strength is in the same propcirfion hr the breadth 
Ex. 2. What will he the s.ife loud at the center ot a joict o| white pine, 18 ft long, 
S ins tiroiwl, and V2 um deep? Here, in the col for 18 ft. and opposite 12 ins in dejith, 
wo find the safe load fur a breadth of 1 inch to be 600 lbs; consequently, 600 X 8 
1800 #)8, the load reqd. 

Rkn. <!ant>lonfl in the use of the above table. For instance, in 
placing very heavy loads nptui Rhort, hut deep and strong beams, we must take care 
tnat the lH>anis rest for a sufficient diet on their supports to pievent all danger fnim 
criuhivg at the ends. Thus, if we place a bmd of 6075 Tbs at the center of a lamm 
of 4 feet span, 18 las deep, and only 1 inch thick, each end of the beam sustains a 

vert erusblng force of •• S087 lbs, and that aidcwifie of the ^ 

which position sverage white pine, spruce, and hemlock crush under about 800 
!bs per sq inch, and do not have a safety of 6 until the pressure Is reduced to about 
1S8 Tbs per sq inch. Therefore our beam, in order to have a safety of 6 against 
crushing at its ends, must rest on each support 3(M7 ^ 133 = 23 sq ins ; or lor a 
safety of 4 nearly 16 sq ins. VN heii a pressure is equally distributed side> 
wise (that is, at r^ht angles to the general direction of the fibres) o>er the entire 
pressed surface of i blooa or beam (to ensure which, the opposite surface must be 
supported throughout its entire length) the resuUing compression might readily 
escape detection unless actually measured. But when a considerable pressure is 
applied to only a portion of the surface, as of caps and sills where in contact with 
the beads and feet of posts, or at the euds of loaded joists or girders, the com* 
pression becomes evident to the eye, liecause the pressed parts sink below the 
unpressed ones, iu consequence of the beuding or breaking oi the adjacent fibres. 
What iu the lirst easel especially ifslighi) would be called would 
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in the second be called crnshinn^ ; even when neither might besogreAtM 
to be uiiMafe. 

Owing to the resistance which said adjaeeiit fibres opiKiae to bo ng l>eiit or 
broken, it is plain that a given pressure |»<‘r Nq iiich, or per wq iWl. Ac . 
will cause somewhat less compression or crushing when applied to only a part of 
a surface, than when to the whole of it. 

Tli«* wrilor has noon 40 half seasoned hemlock posts, each r.> ins square, 
footing at intervals of .1 ft from center to center, upon ‘-iinilar 1'.' > IL' inch hem- 
lock sills, to which they were tenoned, and which resicd thiotighoiit their entire 
length on stone steps, l^nch post was gradually loaded with :t‘J tons or equal to 
sa)' .)(io lbs jier sq inch , and their feet all cruslu*d into the sills from ' to V.inoh 
Their heads crushed into the eaiKs to the same extent In prnrf Irr the pres- 
sure at the heiwls and feet of posts is raielv if e\er fiorleotly e<|uabl<\ and the 
same remark applies to the ends of loaded joists, girders, .Vc . in which a slight 
bending will throw an excess of pressure upon the inner ^ges of their siippoita 
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WOODEN COLUMNS. 

See colnmnN in firencral. pp 495 &c. 

For steel and iron columns, sec pp 1 180 &o. 


List of ReferenccH. 

( 1 ) The Elasticity and Resistance of the Materials t)f Engineering; by Wm. 

H. Burr. New York, John Wiley & Suns. 

(li) Economic Designing of Timber Trestle Brulges, by A. L. Johnson, 
C E, Wa.shmgton, 1896-1902. 
f.'l) Hambna Steel ('.<>, Handbook, 1907. 

(4) (’firnegie Steel (’o, Pocket Companion, lOO.*!. 

(r-)) Passmc Steel Co, Manual. 1900. 

0'») Trans Am Soe ('iv Engrs; Vol 1.5, July. 1886. 

(7) Trans Am Soe Civ lOngrs; Vol .54, June, 190.5 

^8) Acts and Re.solves of the Massachiisetls Eegi.slature; 1907. 

^9; New York Building Code; Appro\ed Oct 24, 1899; with amendments 
to April 12, 1906. 

00) The Materials of Construction; b\ J. B. Johnson; New York, John 
Wiley & Snn.H, lOOfi. 

Ml) “Tests of Metals, etc,” Watertown \rs''nal, year ending June .50, 1881. 
I I2j “Tests of Metals, etc,” Waieit*o\n .Xisenal, year ending June 30, 1882. 
I 13) American Architect and Budding News, Apiil 9, 1892, March 10, 1894. 
(14) \m Ry ICng & M of W .As.sn. Comm of , Procs, \ ol VI I, 1906, p 694. 

I. 'I'he strengths of wooden columns incieast* with the degice of NOHMini- 
iiitf. As m othei columns, <‘<*<M‘ntrioil> 4»f load iiigr greatly diminishes 
the strength, and it is '.ehloni possible t » deter.nine closely the degree of 
eccenlncit\ . 


‘■i. 1 el all .stiCRscs 1)0 in pounds an<l all di.nensions in inches, and let 


I* total load (..supposed axial i on 
Col , 

n - area of cross section of col , 
p - P/ll - axge unit !oa<l on col ; 
s max unit stres.s m any cro.s.ssec, 
■ij> unit str<’s.s at elastic limit , 
s, max unit stiess m a .shoit col ; 


r - lea.st rad of gyr of croas sec; 

/) ^ diam. or least .side, of croas sec; 
L -- length of Column ; 

A - L/r — length ratio, or slender- 
ness of col, in terms of r , 
k -■» Ljl) -- length ratio, or slen- 
<lei nes.s of col, in terms of />. 


il. Wofslen column.^ are nearly alway.s M»lid niid r<H‘tnnKrnlar. and 
most fre(|Uently Kqiini*<‘. in croas section. Hence, instead of the least ra^Jius 
of gyration, r, it is convenient to use the least .side, D For values of Dfr 
and of (D/r)'-’, see pp 3.53 a, 3.53 h. 


4. In Holid Nqiiaro or rrefang^ninr roliimn«(, 

D - I 12 r; « 12 r* . 

l or the slenderness, we have k =* LIT) />/( i- 12 r> -= A'/l' 12; and 
A’ A' VI 2; A'^ = 12*-'. 

Hence, the Rankinr and atraiKht^linr forniuluH liecume, 
respectively : 

Rankino formula : p =■ ^ = , * i-a ’ , . i- • 

a 1 -f rn A* 1 4- 12 m*- 


Nlraig;1it-line formula; p =■ V/a == — c K - «, — *« v/l2, 

where, as in 2: 

p “ mean unit load on column ; in. r cwfficients ; 

N = max umt .stress in cross section ; 

B max unit streas in cross section for short block.x ; 

K a L/r unsupported length - least radius uf gyration ; 
k “ Ij/D ^ unsuriported length - least side. , 

F *• safety factor =* ultimate load -r- pennissible load. 

5. The table, pp 1144-5. gives valae» rommonlj naed. with these 
two formulae, for the coefficients in connection with wooden columns. For 
list of authoritiee quoted, see above 
See diagram, Fig 1, of values of p/s. 
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Schneider (7) p 496 A: > 10 ... 

)fc > 10 . 

Worcester (7'' (/> Boston (8) 
Burr (Dp 486d <*) A: = 30 to 





W. H. Johnson <6) p 530 
New York (9) { 138 
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Letteru in ( ) refer to notes, p 1146. 
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WOODEN COLUMNS, 


Not OH on tahio, pp 1144-5. 

where, as in ^ 2: 

p « mean unit load on rolumn ; ni. <• -= coefficients; 

M “ max unit stress in cross .section , 

N„ ■» rna . unit sticss m cioss section for .short blocks ; 

li •= Ljr — un.su ] >1 >or ted lei luth - leu^t rwhaa oj mirntiou’ 

k. LjD -- unsui)jH)i terl length Ic.isi «/(/e , 

F safet> facfoi ^ ultimate load peimissible lotul, 

(a) Kinltli. 1' hit ends, hrnilv li\e 1 KorA- 2o, - 5, for /f > 25, 
^ \'k. (F — nil, pern issihle loail ) 

1. Gieen, half-seiusoned "(.luod n eichantable lundiei.” 

2. Selected, reiLsonably .straifrlil , air-.seasiincd under covet ‘2 vt.s and over, 
y. Avttc stick.s, cut liorn liiudK'i in o|)eii an siuviceM yis or ovci. 

CoefTs biuseil iipoti 12(X) tests of full-sized columii.s, lNt')i-2 'I’o jruard 

against deterioration and defects, Mr Smith lecoinmended the third set of 
valuc.H. 8 - 5000; I /(12 m) -- ‘J.'iO. 

(li) Iturr. loir good avge lu-nbei. F — ult - ]ienms.s load For 
railway Mtructuioa, F ~ 8, for teni|»oraiy struct uiei>, under static loads, 
F - 4. 


(d) ForeMr.y. Sijuare columns. F —7. 1/(,12 ~d0 + 15^•; 

hence p ™ P/a *= « . / ^ ... To allow for weathering, add 

« t)( t T t •> A’ + A “ 

01.5 inch to each cios.s-,s<'ctional diinension required by formula. 


(4‘) i'anibriu. Stse note (dj Forestry, above. 


Yellow pine Others 
F F 

tClass M-oisturo 18'*; . Freely exposed 

(tiestle.s, uncxjvered bridges, etc), 5.0 5.0 

" It. “ 15*';. Hoofed, not side- 

sheltered ( covet e<l bridges, etc), 4.8 4.5 

" C. “ 12*',. Ivnclosed but not heated, 8.(i 4.2 

“ 1). “ H)' , . I'.nclosed and heated, 8.2 4.1) 

(f) Wor«*o«l«‘r. k 't 50 k > 10 

P P 

Long-leaf pine. .. . 600 1(K)0 

Spruce, white pine ... 800 700 

White oak 600 1000 

Hemlock 250 6.>0 

Fur each increase of 10, in k, deduct 1(K) from p. See (’olumns in Geneial 
p 4985, 1134. 

(ir) Botilon. k > 80 k > 10 

P V p 

Ijong-leaf pine 700 50 900 

Spruce, white jiine JOO 85 680 

White oak 880 15 510 

For each increase of 5, in k, deduct y from p. 


(h) Farne^io and PawHaie. For long post.s, F « 5 ; for short 
posts, F' ’=‘4. F - ult -h iienniss load. 


6. J. R. Johnfion, (10) for his parabolic formula (Columns ' 
General, li 28, p 498). 




12 Cp ki, 


gives, as ultimate values; 

(JOt p 367, 

k “ length least side; flat ends 

-• elastic limit. i: > 60 

•. 12 c. 

Long leaf yellow pine 4000 0.8 

Short leaf yellow pine 3300 0.7 

White pine 2500 0.6 

White oak 3.500 0.8 


(10) pp 683-4. 

Partiallj’ 
Dry seasoned 

St 12 Cp Sg \2cp 

J 4.500 1.0 
3600 6"72^ 2500 0.6 
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f'ig'. 1. Values of p/«. See Iron aud Steel Cola, p 11117 H 21 
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FORMULAS AND EXPERIMENTS. 

7. The accompanying diagram, Fig 2, shows a comparison of formulas 
for, and experiments upon, yellow pine columns, as follows: 

p — mean unit load on column ; k »= length least tide. 

Formulas. 

Ultimate. 

1. liankinc; C Shaler Smith v - 5400 (1 + 0.004 ifc*) 

2. Rankine : C Shaler Smith p ^ 8200 (1 + 0.00333 k^) 

3 Rankine ; C. Shaler Smith p - 5000 -i- Q + 0.004A:2) 

4. Rankine; U. S, Division of Forestry p -- 7000 ^ 

5. Parabolic ; J. B. Johnson, p 367 p -- 4000 *- 0.8 

6. Parabolic; J. B. Johnson, p 683 p 4500 — 1 0 A*, Partially 

7. Parabolic; J. B. Johnson, p 684 p == 6000 — 1 5 k^. Dry. 

8. Straight-hne ; Wm. 11. Burr,, fc < 20, p = 4400 - 0 

k ° 20 to 60, p - 5800 70 fc 

ft. Straight-line; Jas. H Stanwornl, fc < 20. p = 42.50 — 0 

fc>20,p = 42.50 - 43J/8fc 

10. Stepped ; Edward F. Ely, 

fc -- 0 to 15, to 30, to 40. to 45, to 50. to 60 
p - 4,000 3, .500 3,000 2,500 2,000, 1,500 


PermlMNlble. 


8 Baltimore & Ohio R R Co, 
(Amw - 40) For fc < i: 

I'or fc > r 
ft. Boston building code 

10. New ^ork buiidi|g o^e (fcm 


7. p - 900 -0 
7. » - 1200 - 18 fc 
.fc -- 0-10 10-15 15-20 20-25 2.5-30 
. p = 900 850 800 750 700 

- 30) p - 1000 - 18 fc. 


ExperimentN. 

Ultimate. 

+ Average of 12 endwise compression tests (11) pp 54 etc, on Nhort 
yellow pine blockm, from 1.5 X 1.5 ins, 3 ins long, to 10 X 10 ins, 20 
xns lon^ ; fc from 2 to 3.75, avetage ” 2.36 ; p, average, 8,105 lbs per 8(i 
inch; m 10 of the tests, p ranged from 7,394 to 10,250 lbs per sq inch. 
The other 2 were 

1.5 X 1.5 ins, 3 ins long, p 5.533 ; failed at knots. 

1.5 X 1.5 ms, 3 int> long, p — 63.55 ; season crack, nearly dividg siiec'n. 

# Tests of yellow pine posts, 5.5 ins square, 80 to 320 ins long, at Water- 
town Arsenal, (12) pp 377-8. 

Each item is the average of from 2 to 4 tests. 

Columns, each compose<l of two or more sticks, bolted together, showed, 
in general, no greater strength, m pounds tier square inch, than did the 
single sticks of which they were built up. 

A Rifl[a and Dantzic 6rs, 13 ins sq, 20 ft long. Kirkaldy. 

Mr. Smith’s formulas represent his 1200 tests of full-size columns. 

The formula of the U. S. Division of Forestry closely represents the 
results of 60 tests by that Division. 
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REQUIREafENTS FOR IROX A STD STEEL. 

(See also Rridge SpeeiliciitioiiH, ) 

]>iir<‘Nt of Snec*ili<*atloii« adoptwl, suhjfct to letter ballot, at 41 h Annual 
Meetlneof tl\e Amorioaii Sort Ion of the Intoriiational Assoeiatlon 
for HatorialH. .luoe 29, ItHtl A(h*pte(l hj letter ballot, August, 

< xeei»i «toinot itou, on whieli aelion wjis dc leiied 

l*ro<‘<*MN 4»f MannfjU'tsirp, 

Wrotighl iron; puddled, eliareoal health, or rolled from fagots or piles made 
from wioiighl non seiap, alone or with imiek bar utidi-d. 

Steel cahliiigs. Open-heailh, criieihleor l’.es>einer pi oe(«.8. 

Steel foldings. Opun-heaith, erueiole or Hessetiiei proecss. 

Steel KsiiK. l!es''enior or o|»eii-hearih. Ingol’^ hliull he kept vertiral tn pit- 
heatlng fiirnaees. No hied iiigotsshall l>eu^e<l. SiiHieiciit maieiial shall be dis- 
carded lioni tiie tops of (he ingots lo insure sound rails. 

Steel Spliee Hais Bi'sm iner or opeii-heai ih. 

Boiler I’late and llivet .Mei 1. Open-hearth. 

Striietiiial steel for bridges and slops. Open-lienrth. 

Slrueiurul steel for buildings. Open-he.iith or Bessemer. 

TftKl Pieces. 

For flat plates, the spiTiinen shown in Kig. J shall be u^d. 

For laige rounds, test speeinien as shown in I'lg, K. 1 he eenter ot the speci- 
nicn shall be half way between the cciKer.and the outside ot the round. 

Whenever jKissible, iron shall be tested in full si/e, as rolled. 

Test speciiueuH shall be cut Irom bai as rolled. 


AhotU 

U-a^7CAOA 




Parnltel Seeflon not leait f/ xw 

y.'-ggS.OOmw 

it 


I 


p- 


« ^.5 

I Oft 

Y 


g5.40 mot to 70.30 mm Rad. 


__ ^ About is^‘4S7.20 mm 

Piece to be «/ aainv thickness as the plate. 

riif. J. 
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TeHtH. 

Nicking tests. The specimen sliall Iw slijrhflr and evenly nicked on one 
side, ami l>tMiL back at this point throii(;i] an angle ol 180° l'\ a succession of 
Iiglil blows. 

llol beiidinir t€*sts. Spwiniens shall bo healed to a biighi led, and bent 
by pre'>suie or !>) a snceession of light blows anti w iiboiiL baiiimei ing on head. 

t'olll boiiflilip^ tests. iSpeciuien to be bent by piossuri- or bj a succession 
of Iiglit blows. 

yield point. The yield point shall ho delerniined bj carelnl obsci vation 
of ihediopol the beam or halt in the gage of the lo'-tiiig inaelime 

Itrop tests. Tile diop tcvtiiig niaehiiie foi rall^ slialt haxe a top of 2000 
pounds, the sinking face of which shall hn\e a iiidnixil iiol more tiiaii o ms; 
and the teal rail, not more t linn 6 f* et long, shall he placed load iiiiwaids on 
solid supports A ft apart. The anvil hh« k shall weigh al least 2(»,000 lbs, and the 
supports shall he a part of, oi fiimly ta'eured to, the anvil. Heiglil ol drop Irom 
1.) ft for 45 tb rail to 10 ft for 85 Ih and over. One test piece shall be selected 
from every lifih blow. 

ll<HiiOK;eiieit.y tests for lire box steel. A fiortion of the broken 
tensile rest specimen is either nicked or grooved ,V, i"cli d<*e|), in three places 
about 2 ins .ipait and on opposite sides. It is then clani|ied ui a vise and broken 
ofl, by light lianiriier blows, bending away fr<nn each groove in succession. The 
speciuicii must not show any single Beam or cavity more than J4 ^'^^h long. 

Notes to table, pp 1152 anil 1153. 

(a) To be bent flat. 

( h) hpecimeu to bo lient about a bar of diameter equal to its own diameter or 
thickness. 

(< ) Specimen to be bent about a bar twice Its diameter. 

1-loiigatioii, null, per cent, in sections less than 0.654 lh.s, per linear ft, 
grade 10, H, 15; (', 12 

fe) Nicking test. Max per cent granular surface, grade A, 10; It, 10; (’, 16. 

(f) llot hetiding test. Itar to be bent without cracKing on outside of bend. 
To be bent (lal in each grade; 180° in grade-s A and B, and shaiply to 90° 
in f’. (jiade .A, healed vellow and suddenly quencbeil in water lielweeii 80° 
and 90° !•', to bend (hit 180°. Also, heated biight red, split at end, and encli part 
bent back 180°. rnnclied and di ilied to hole ul least O.Odiiini of rod or width of bar. 

(g) i'liosplioius, pieces, lor pliysicahe''t, 0.05 f ir eacli giade. 

(h) Siilplinr, pieces for physical test, 0 0.5 for each giadc. 

(i) i’, ending. t'lKJciinen 1 inch X }4 to bend cold around a diani of 1 inch 
without fracture on oiitsidcof bent {Million. 

(j) Bending, .‘'{lecimen 1 inch X 34 inch to bend cold, without fiacture on 
outside of Ih’uI {lortioii, around a diauietcr of 34 inch. 

(k) Same, around diam of I’.j ins 

(l) Same, around diam of 134 ^ diaiu ; around a diam 

of 1 inch if le"s than 20 ins duiiii. 

(m) Same, about a diameter of 1 inch. 

(jO ;; ;; ;; ;; ;; 

(p) Deduct 1 jicr cent for each 38 i“ch in thickness above % inch, and 234 

cent for each incli below - inch, 
lb 16 

(q) Bending. Bivet rounds to be tested of full size, as rolled. Plate speci- 
raeiis sliall be 134 ins wide. For plates not over 334 *'n;h thick, the thickness 
shall he the same as that <if the plate, and the specimen sluill, wliere possible, 
have the natural rolled Riirfsice on two oiqiosiie sides h'or plates thicker than 
% iiicli, the speeimeii may be 34 inch thick. Shall lie siibjwted to both cold and 
quenched bending tests. For the quenched test, the maleiial is to tie heated to 
a light cherrv red (as seen in the dark) and quenched in water of ten)|)er«tHre 
between 80° and 90° Fabr. Sanipb>s shall bend flat without fracture on the 
outside of bent {Hirtion. Bending may be done by pressure or by blows. 

(r) For jiins, the elongation sliall be 5 jier cent le.ss. Center of test Bpecimen 
1 Inch from '■urfiiee. 

(s) Evp-i>ar.s shall be of niediiini steel Fnli-^ized tests shall show 12)4 pw 
cent ehnigatioii in 15 ft of Inidy. Min tensile hi length, 65,000 ttis. per sq in. 
At lea*-! 34 of eye-bars tesfe,d shall lircak in the body. 

(t) Saule as (*q) but omitting qiicnelnng test. 

(u) See Homogeneity Test, in text, above. 
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Reqalremento for 



Allowable iwceutage of 

Metal. 

Carbon. 

Phos- 

phorus. 

Sul- 

phur. 

Mangan- 

ese. 

Nickel. 

Wroit(4||t Iron. 

Max. 

Max. 

Max. 

Max Min. 

Mai.Min. 







:::::::::::::: 





i 1 1 





Stkkl Castings. 

Hard 

0 40 

0 08g 

OOSg 

0.0.5 h 




0 40 

0.06 h 



Soft 

0.40 

0.08 g 

0.05 h 






Strki. P'oroings. 


0.10 

0 10 






0.06 

0 06 






0.04 

0.04 





0.04 

0 04 





4 00 .3 00 






4.00 3.00 






Steel Rails. 

60 to 59 tbs. per yard. ... 
60 ( 0 69 " “ “ ..... 

7010 79 “ “ “ 

80 ( 0 89 " “ “ 

90 to 100 “ “ “ 

Max. Min 
0 46 0:t6 
0 48 0tt8 
0..’)0 0 40 

0.10 

O.IO 

0 20 

1.00 0 70 

1 00 0 70 


0 20 


0.10 

(>20 

1.05 0 75 


U..*);! 0 43 

0.10 

0.20 

1.10 0 80 


0.55 0.4.6 

0 10 

0 20 

I.IO 0.80 




Max. 

0.15 

0.10 


0.60 0.30 





Open Hearth Boiler 
Plate and Rivet Steel. 


acid basic 
0.06 0.04 

0.05 

0 60 0.30 




0.04 0.03 

0.04 

0.50 0.30 


Extra Soft Steel fur 


0.04 0.04 

0.04 

0.50 0.30 






Structural Steel for 
Bridoeb and Ships. 


acid ba.sic 
0.08 0 06 

006 





0.08 0.06 

0.06 





0.08 0.06 

0.06 

1 







Struc^ral Stbbl for 
Buildings. 


Max. 

0.10 






0.10 
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Tensile Tests. 


Strength, lbs. per sq. in. 


Min. 

50.000 

48.000 
48,000 


I 


Klastic Limit 
and 

Yield Point, 
lbs. per sq. in. 


Yield Point. 
Min. 
:25,ooo 


Elonga> 
tion. ' 
Per- 
centage 
in B ins. 


Con- 
traction 
of Area. 

Per- 

centage 


Angle 

ofi^Mid. 


Min. 

25d 


2.5.000 I 20 d 

25.000 I 20 d 


8.5.000 I 38,250 

70.000 I 31,500 

60.000 27,000 


Average. 

58.000 

75.000 

75.000 

85.000 

80.000 
90,000 


Average. 

29,000 

87,600 

37,500 

Elastic Limit 


47,600 

60,000 


Avge. 

28 

18 

23 

21.5 

24.6 
22.5 


Min 


Cold Bending 
Tests. 


180 

180 

180 


20 

25 


Avge. 

35 

80 

32.5 

42.5 

42.5 

47.6 


180 

180 

180 

180 

180 

180 


How 

Bent 


ii 


e,f; 
e,t 
e, f. 


Other T« 
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IRON AND 8TEEL. 


nianufactiirctri*' Standard SiK^cificationN'* for Steel, 
aa a<l<jpted by the ANsoelation of Aiiieric^an Steel naiiurac- 
turer«», ^Aug U, 1.SU5, and revided to Feb 6, 1903. In effect July 31, 1908 

Words in parenthest's, in Roman type, as (May be opeii>1i(M»rtti 
or Besseiner)., apply only to structural st«'l. Words m parentheses, in 
italics, (four), (livo), to be substituted for the preceding wools (I’wo), 
(one), for .special open-hearth plate and rivet steel. Otheiwise, and except 
where especially statexi, the provisions apply to both steels. 


(May be open-hearth or IteMHeiner.) 

TestM and liiNpeetlonH shall be made at the place of manufacture 
prior to shipment.’' 


Tent pieces. 

Standard te^t pleee for sheared plat4<^s. See Fig J, p H50. 

Test pleees from other material, either as above or planed or 
turned parallel thruout length of piece. 

In all cases two opposite sides of test piece to be rolleil siirfaceM if 
possible. 

^ Rivet roundH and ttmall harn shall be tested of full size as 
rolled.” 

‘•Two (four) te«»t pleees shall be taken from each melt (or blow) of 
finished material, one (tiw) for tension and one (/tm) for bemling; but in 
case either test develops flaw.s, or the tensile test piece breaks outside of the 
miildla thud of its gaged length, it may be duscarded and anothoi test jnece 
substituted therefor.” 

“When inateual is to be annoalrd or otherwise treated before 
use, the specimen representing such material shall be similarly tieateil liefore 
testing." Otherw'ise, the material “shall be tested ui the condition in wluch 
it comes from the rolls.” 

“FiVery finisheil piece of steel .shall be stamped with the (blow or) 
melt number, (and steel for pins shall have the blow or melt number stamped 
on the ends). Rivet (and lacinj?) steel, (and small pieces lor pm iilates 
and stiffeners), may be shipped in bundles securelv wured together, with 
the (blow or) melt number on a motal taj^ attached.” 


Maximum phonphorus and sulphur, per cent 


Structural Phosjihorus Sulphur 

for buildings, train sheds, highway bridges, etc O.IO 

for railway bridges 0.08 

Special 

flange or boiler steel 0.06 0 04 

extra soft and fire box steel 0 04 0.04 


Mechanical Properticf*. 



j Structural Steel 

j St)eeial Steel 

Bendini; testj 

180“ without fracture on 
outside of bent portion 
f.n n. Hiam =■• 

Rivet 

A, 

1 Me- 
i dium 

Extra 

soft* 

Fire 

box 

Idange 
or boiler 

0 

t 

t 

ot 

4,5 to 55 

Ot 

52 to 62 

Ot 

55 to 66 

Ult tensile strength in 
thousands of lbs per sq 
in 

48to58 

55 to 65 

60 to TO 

Elongation (for deductions 
etc see below) 

1,4(X),(X)0 -r- ult strength 

28% 

26% 

; 25% 


EUstie Limit. 


Not less than half the ultimate strength 


•Boiler rivets to be of "extra soft” steel. fCold or quench bends, 

thickness of test piece. 
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Elonifatlon, in rounds % in oriels, measured in a length 8 X diam 
of section tested ; in other cases, nieasured in length (/ 8 ins. From the 
specified elongations ; <leduclioii» to lie made as follows on account of 
thickness: for caeh increase of % inch above % inch, 1%, tnun 
20% for eye-bar material, 18% for other structural material): for each 
decreaHC of V'm inch below inch, (for pins, 6%; elongation 

measured “ on a test piece, the center of winch shall be one inch from the 
sill face of the bar.”) 

Percentage of allowed variation in wei|fht or croHS sec- 
tion of Hhearcd plateH. 


When ordered to weii^ht. 


Weight per sq ft 


< 12.5 lbs 


< 12.5 lbs 


Width, ins ... 
Variation, % 


< 75 
± 2.5 


75 to 100 !< 100 

1 

< 100 

< 100 

-1- 5, -3j + 10, — 3 

±2.5 

± 5 


When ordered t-o fi:a(^e. percentage of exceas in rectangular plates. 
(Plates > O.Ol inch light, conaidereil up to gage.) 

1 cu in rolled steel aasumed = 0.28il3 lb 


Thickness 




Width, ins. 

100 to 115 

> 115 

ins. 

<50 

50 to 70 

>70 

<75 : 

75 to 100 

to %2 
%u to 8/l« 

10 

15 

20 





8.5 

12.5 

17 





%o to Vi 

Vi 

VlH 

% 

Via 

7 

10 

15 

10 

14 

18 





8 

12 

16 






10 

13 

1 ¥ 




6 

8 

10 

13 






7 

9 

12 

»/in 

% 

>% 




.!.! !! 4.5 

6.5 

8.5 

11 




4 

6 

8 

10 




3.5 

5 

6.5 

9 


In other cases, a variation >2.5% in weight or cross section will be 
sufficient cause for rejection. 



1156 


mos AND BTEEL* 


Iron Is wesbened by extreme cold. 

The belief (originating with Styff of Sweden) ia gaining ground that Iron and 
iteel are not rendered more brittle by intense cold, but that the great number of 
breakages of rails, wheels, axles, Ac, in winter. Is owing to the more severe blows 
incident to the frozen and uityielding nature of the eartii at that period of the year, 
But Sandlierg’s experiments show conclusively ttiat although these metals may per 
tiaps bear as much steaxly force, gradually applied, in winter as in summer, yet then 
resistance to impulse, or sudden force, is not more than or J4 great in severe 
Bold ; which renders them less flexible and liiss stretchy. It is probable that this 
Tact does nut receive as mucli attention as it should, in proportioning iron bridges, Ac, 
Some experiments with good wrought iron showed that even at ‘£3P Fab, or only 
^ colder than freealng point, there was a loss of strength «f from 2)^ to 4 per 
tent 

Malleable Cant Iron. Experiments by Mr. D L. Barnes, of Chicago, on 
s large number of samples of a single make of “malleable” cast iron, gave in 
most cases tensile .strengihs ranging fioiii to H2i»00 lbs. per squaie inch, 

with an average of altout 2800O lbs. The iiigher iigiirc.s were obtained generally 
with the sni.illesi bars 'about 8 X % inch) and the lower witli the largest bars 
(about 3 X 1 iucli) IMeces planed on all four sides averaged only about 24000 lb"*, 
per squareMncb. This may explain the difletence in favor of the smaller sections, 
In wnicli the original “shell" forms a larger portion of the whole cross section. 

CAST IRON. 

Tensile strength 14,000 to 20,000 lbs * per sq incll 

Compressive strength (average about 100,000)... 90,000 to 180,000 “ ** 

Transverse strength, bar 1 In sq, 1 ft span, 
center load 2500 ms. Deflection, minimum, 


0.15 incll. 

Elastic limit about 6,000 lbs per sq indi 

Modulus of Elasticity “ 16,000,000 " ** ” 


Speciflealioiiti. 

Tensile strength. 

Bureau of Water, Philadelphia 16,000 to 20,000 lbs per sq Inch 

Water Department, St. Louis, Mo 18,000 “ “ ** 

Transverse strength. 

Bureau of Water, Philadelphia. 

1 in sq, 66 ins span, center load 500 fl>s. 

1 in sq, M ins spun, " “ 750 lbs. DeflucI Ion, minimum, 0.4 to iLfl in. 

Water Department, St. Louis, Mo. 

8 in X ^ in (laid flat) 18 ins span, center 
load 1000 to 1250 fts. Minimum deflection 0.3 to % inch. 


Welfchl of Cant Iron. 


Annumlng: 450 Itw per cub ft., specific gravity 7.2, a cub inch weighs 
Di2604-f lbs; and a pound contains 8.83995+ cub ins. 

Table, paige 875 : D = thickness or diameter, in inches. 


Wt. of plate, 1 ft square, in flJs = 
“ “ sq bar, 1 ft long, in ttis ~ 
" rd bar, 1 ft long, in tbs = 


37.5 D (Exact ) Img W = 1.574 0318 + Log D 
3.125 D2 (Exact) Log W = 0.494 8500 + 2 Log D 
2.45437 D2 Log W = 0.389 94(K) + 2 Log D 


» “ball, in lbs = 0.136354 D» Log W = 1.184 6561 +3 Log D 


'Welgrbt of a spherleal ntaell = weight of ball having outer diam of 
sbell minus weight of ball havlug its inner diam. 

Welxht of pattern. A casting weighs 20 X weiglit of pattern of per- 
fectly dry white pine. If not perfectly dry, although well seasoned, for 20, 
etttwtitute 19 or 18. 

For lead, at 700 ibs per cub ft^ multiply weight of cast iron by 1.555 ; 

For eop|Mr, at650fi>s, inultiplv by 1.222 ; 

For brass, at 600 Ibs, multiply by 1.111 ; 

For wrongrht iron, at 485 fts, multiply by 1.0777 ; 

For tin, at 460 tt», multiply by 1.022 — ; 

Zinc, at 450 tbs = cast iron. 


*High grade irons may reach 30,000 to 40,000 Ibs per sq inch, tensile. 
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TABLE OF WEIGHT OF CAST IROIT. 


At 450 lbs per cubic foot ; specific gravity, 7.2. 


D = Thickness or diameter, in inches. Kor equivalents in feet, see p 221. 


D 


1/32 

1/16 

3/32 

1/8 

5/32 

3/16 

7/32 

1/4 

9/32 

6/16 

11/32 

3/8 

13r32 

7/16 

15/32 

1/2 

9/16 

5/8 

11/16 

3/4 

13/16 

7/8 

15/16 

t 

1/16 

1/8 

3/16 

1/4 

6/16 

3/8 

7/16 

1/2 

9/16 

6/8 

11/16 

3/4 

13/16 

7/8 

15/16 

2 . 

1/8 

1/4 

8/8 

1/2 

6/8 

3/4 

7/8 


WciffhtN, in ]>ounds. 

D 

Weig/hta, in pounds. 

Plate 

1 ft sq. 

Sipiare 

bar 

1 ft long 

Round 

bar 

1 ft lung 

Ball. 

Plate 

1 ft sq 

Square 

bar 

1 ft long 

Round 

bar 

1 ft long 

Ball. 

1.172 

0 0031 

0.0024 



117.2 

30.52 

23.97 

4.161 

2 344 

0.0122 

0.0096 


k 

121.9 

33.01 

25.92 

4.681 

3.516 

0 0275 

0.0216 

0.0001 


126.6 

:{5 60 

27 96 

5.242 

4.688 

0 0488 

0 0383 

0.000:1 


131.2 

38.28 

30.07 

5.846 

5 859 

0.0763 

0.0599 

0.0O05 

% 

i:}5.9 

41.06 

32 25 

6.496 

7.031 

0.1099 

0 0863 

0.0009 


140.6 

43.94 

:34.61 

7.191 

8.203 

0.1495 

0.1174 

0.0014 

% 

145 3 

46 92 

36.85 

7.934 

9 375 

0.195.3 

0.1534 

0.0021 

4. 

150 0 

50.00 

.39.27 

8.727 

10.55 

0.2472 

0.1941 

0.0030 


154.7 

5;{.17 

41.76 

9.571 

11.72 

0.30.)2 

0 2397 

0.0042 


159.4 

56.45 

44.33 

10.47 

12 89 

0.3693 

0 2900 

0.tK)55 


164.1 

59.81 

46 98 

11.42 

14 06 

0.4394 

0.3451 

0 0072 

ft 

168.8 

63.28 

‘ 49.70 

12.48 

15.23 

0.51.‘)7 

0.4051 

0.0091 

% 

173.4 

66.84 

62 50 

i:i.49 

16.41 

0 5982 

0.4698 

0.0114 

A 

178.1 

70.51 

55.38 

14.61 

17.58 

0.6866 

0.5393 

0.0140 


182 8 

74.27 

58.33 

15 80 

18.75 

0.7812 

0.6136 

0 0170 

5. 

187.5 

78.12 

61.36 

17.04 

21.09 

0.9888 

0 7766 

0.024:1 

Vs 

192.2 

82.08 

64 47 

18.36 

23 44 

1 221 

0 9587 

0.0333 

% 

196.9 

86.13 

67.65 

19.73 

25.78 

1.477 

1.160 

0.0443 


201.6 

90,28 

70.91 

21.17 

28.12 

1.758 

1.381 

0.0575 


206.2 

94.53 

74.24 

22.69 

30 47 

2.063 

1 620 

0.0731 

w. 

210.9 

98.88 

77.66 

24.27 

32 81 

2.393 

1.879 

0.0913 

% 

215.6 

10:1.3 

81.15 

25,92 

35.16 

2 747 

2.157 

0.1124 

% 

220.3 

107.9 

84.71 

27.65 

37.50 

3.125 

2.454 

0.1363 

6. 

225.0 

112.5 

88 36 

29.45 

39 84 

3.528 

2.771 

0.1636 

V 

234 4 

122.1 

96.87 

33 29 

42 19 

3.955 

3.106 

0.1941 

% 

243.8 

132 0 

108 7 

37.45 

44.53 

4.407 

3.461 

0.2283 

74 

263.1 

142.4 

111.8 

41.94 

46.88 

4.883 

3.835 

0.2663 

7. 

262.6 

15:3.1 

120.3 

46.77 

49.22 

5.383 

4.228 

0.:i083 

V 

271.9 

164.3 

129.0 

61.96 

51.56 

5.908 

4.640 

0.3645 


281.2 

176.8 

138.1 

57.52 

63.91 

6 458 

5.072 

0.4060 

74 

290.6 

187.7 

147.4 

63.47 

56.25 

7.031 

6.622 

0.4602 

8. 

300.0 

200.0 

157.1 

69.81 

58.59 

7 629 

5.992 

0.5202 

Ya 

309.4 

212.7 

167.0 

76 67 

60.94 

8.252 

6.481 

0.5851 

9% 

318.8 

225.8 

177.3 

83.74 

63.28 

8.899 

6.989 

0 6652 

% 

328.1 

2:39.3 

187.9 

91.86 

65.62 

9.570 

7.617 

0 7:i08 

9. 

387.6 

263.1 

198.8 

99.40 

67.97 

10 27 

8.063 

0.8119 

w 

346.9 

267.4 

210.0 

107.9 

70.31 

10 99 

8.629 

0.8988 


356 2 

282.0 

221.6 

116.9 

72 66 

11.73 

9.213 

0.9917 

74 

366.6 

297.1 

233.8 

126.4 

75.00 

12.50 

9.818 

1.091 

10. 

376 0 

312.5 

245.4 

136.3 

79.69 

14.11 

11.08 

1.308 1 

% 

384.4 

828.3 

267.9 

146.8 

84.38 

15.82 

12.43 

1.663 


893.8 

844.5 

270.6 

167.9 

89.06 

17.63 ' 

13.84 

1.827 


403.1 

361.1 

283.6 

169.4 

93.76 

19.53 

16.34 

2.181 

11. 

412.5 

378.1 

297.0 

181.5 

98 44 

21.53 

16.91 

2.466 

Y 

4219 

895.5 

310.6 

194.1 

103.1 

23.63 

18.56 

2.836 


431.2 

418.3 

324 6 

207.4 

107.8 

25.83 

20.29 

3.240 

% 

440 6 

481.6' 

338.9 

221.2 

112.5 

28.12 

22.09 

3.682 

12 

450.0 

460.0 

353.4 

235.6 
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WlilGHT OP CAST-IRON PIPES. 


WEIGHT OF CAST-IRON PIPES per rannins foot- 

Assuniiiig the weight of cast-iron at 450 fcs per ciih ft, or 2604 ft) per cub inch. No 
allowance is here made for the spigot and laucet-joiiits used in water-pipes. As 
these are now commonly made, th'T to the weight of 

each length or section of pipe of any size, about as much as that of 8 niches m 
length of the plain piiie as given in the table. 

For lru<l-pip<* mult by i.B, «‘oppor, mult by 1.2; brnss^add wtn; 
Weliletl Iron, mult by 1.U667,oi add one litteentU part. 



For wnrinlngr bnildfii|;r« by nteam it usually suffices to allow I sq ft 
of cast or wixmght pipe surtace lor each 120 cub ft of space to be waruieU ; and 1 cun 
(t of boiler lor each 2UU0 cub ft of such space. 



WEIGHT OF WROUGHT IRON AND STEEL. ii5e 


Table of Welgrht of WROITOIIT IRON and STEEL. 

At 485 tt)S per cubic foot ; bjjeeific gravity, 7.76. Sec page 1161 . 


D ■= Thickness oi diiimelei, in inches. For equivalents iu feet, seep 221. 


D 

WeijplitK, in pounds. 

D 

Weis^htH, in pounds. 

Plate 

1 ft sq. 

Square 

{)ur 

1 ft long 

Hound 

bur 

1 ft long 

Ball. 

Plate 

Iftsq 

Square 

l)ar 

1 ft long 

Hound 

bur 

1 it lung 

Ball. 

1/32 

1 263 

0 0033 

0.0026 



126.3 

32.89 

2.5.83 

4.485 

1/16 

2.526 

0 0132 

0.010,1 



131.4 

35.57 

27.94 

5.046 

3/32 

3.789 

0.0296 

0 0232 

0.0001 


136 4 

38.36 

3013 

5 650 

1/8 

5.052 

0.0526 

0 0413 

0.0003 


141.5 

41. ‘26 

32.40 

6 301 

6r32 

6.315 

0 0822 

0 (H>4r) 

0 . 0 UU 6 


146. .5 

44.26 

34.76 

7.(K)0 

3/16 

7 578 

0.1184 

0 0930 

0 0010 


151.6 

47.:i6 

37.20 

7.760 

7/32 

8.841 

0.1612 

0.1266 

0 0015 


156.6 

50.57 

:39.72 

8.551 

1/4 

10.10 

0.2105 

0.165:1 

0.0023 

4 

161.7 

53.89 

42.:32 

9.406 

9/32 

t 11.37 

0 2664 

j 0.2W 

0.00:1:1 ! 


166.7 

57.31 

45 01 

t 10.32 

6/16 

1 12.6:{ 

0.32h9 

0.2583 

0 0045 1 


171.8 

60 84 

47.78 

11.28 

11/32 

13 89 

0.3980 

0 3126 

0,0060 ■ 

% 

176 8 

64 47 

60 63 

1 12.31 

3/8 

15.16 

0 4736 

0.3720 

0 0077 1 


181 9 

68.20 

53.57 

13 39 

13/32 

16 42 

0.5558 

0l366 

0 0099 1 


186.9 

72.04 

56 58 

14.54 

7/16 

17.68 

0.6447 

0.5063 

0 0123 1 


192 0 

75.99 

69.68 

16.76 

15)32 

18 95 

0.740tt 

0 5812 

0 0151 1 


197 0 

8t>04 

62.87 

17.08 

1/2 

20 21 

0.8420 

01)613 

0 0184 1 

5 

202.1 

84.20 

66.13 

18.37 

9/16 

22 73 

1 066 

O^TO 

0 0261 ; 


207 1 

88.46 

<•9.48 

19.78 

5/8 

2 '*.26 

1.316 

1 033 

00:1.59 1 


212.2 

92.83 

72.91 

21.27 

11/16 

27.79 

1 592 

1.250 

0.tl478 1 


217.2 

97.:31 

76.42 

22.82 

3/4 

30 . 1 

1 895 

1.4H8 

0.0620 1 

% 

222.3 

101.9 

80.02 

24.46 

13/16 

32 84 

2 223 

1,746 

0 0788 1 


227.3 

106.6 

83.70 

26.16 

7/8 

35 36 

2.579 

2 02.5 

0 0985 ; 

y 

2.i2,4 

111.4 

87.46 

27.94 

16/16 

37.89 

2 960 

2.325 

0 1211 


237 5 

116.3 

91 30 

29.80 

1. 

40.42 

3 368 

2 645 

0 1470 

6'“ 

242 5 

121.3 

95.23 

31.74 

1/16 

42.94 

3.802 

2 986 

0 17n3 

?4 

2.52 6 

1:31.6 

103.3 

35.88 

1/8 

45.47 

4 263 

3:t48 

0 2092 

K 

262 7 

142.3 

111.8 

40.36 

3/16 

47.99 

4 750 

3.730 

0 2461 

% 

272.8 

153.5 

120.5 

45.20 

1/4 

60 52 

5 263 

4 13:5 

0 2870 

7 

282 9 

165.0 

129.6 

50 41 

6/16 

53 05 

5 802 

4 557 

0.3 :2:i 

j ^ 

293.0 

177.0 

139 0 

56 00 

8/8 

65.57 

6 368 

5 001 

0.:i820 

lu 

:303 1 

189 5 

148.8 

62 00 

7/16 

58.10 

6 960 

5 466 

0 4..65 

y4. 

:U3.2 

202 3 

158 9 

68.41 

1/2 

G0.();i 

7 578 

5.952 

0 4960 

8 

:t23.3 

215.6 

169 3 

76.24 

9/16 

63.15 

8 223 

6 458 

0 5606 

y 

:i33.4 

229 2 

180.0 

82.62 

6:8 

65 68 

8.894 

6 '.85 

0 6 06 


:{43 5 

243 3 

191 1 

90 25 

11/16 

68 20 

9.591 

7.533 

0 7062 


3.53.6 

2 <7 9 

202 5 

98.45 

3/4 

70.73 

10 31 

8 101 

0 7876 

9. 

:363.7 

272.8 

214.3 

107.J 

13/16 

73 26 

11.06 

8 690 

0 8750 


:{7:t 9 

288 2 

226 3 

116.3 

7/8 

75 78 

11 84 

9 m 

0 96.87 

% 

:!84 0 

304.0 

238.7 

126.0 

15/16 

78.31 

12 61 

9.9:10 

1 069 

% 

394.1 

:320.2 

251 5 

136.2 

2. 

80.83 

13 47 

10.58 

1 176 

10 

404 2 

:;36.8 

264 6 

147.0 

1/8 

8.5,89 

15 21 

11 95 

1.410 

'4 

414 ;i 

353.9 

277.9 

168.8 

1/4 

90 94 

17 05 

I3:i9 

1.674 

k; 

424.4 

371.3 

291.6 

170.1 

3/8 

95.99 

19 00 

14.92 

1.969 

% 

4:34 5 

389.2 

305.7 

182.6 

1/2 

101 0 

21.05 

10.53 

2 296 

11. 

444 6 

407.5 

8201 

195,6 

5/8 

100.1 

23 21 

18.23 

2 658 


454 7 

426.3 

3:14.8 

209.2 

3/4 

111 1 

25 47 

20 00 

3 056 

% 

464.8 

445.4 

349.8 

223.6 

7/8 

116.2 

27.84 

21.86 

3.492 

% 

474.9 

465 0, 

365.2 

238.4 

& 

121.3 

30,31 

23.81 

3.968 

12. 

485.0 

486.0 

380.9 

253.9 



1160 WEIGHT OP PLAT IRON. 


Weight of 1 ft In length of FI.AT ROLLED IRON, at 480 Iba per 
cubic foot. For cast iron, deduct A pait; for steel, add for coppor, add 
If ; for cast brass, add ^ ; for lead, add ; for /due, deduct 



M6 

H 

3-16 

THICI 

H i 6-16 

CNESS IN I 

H 1 Mfi 

(7CHB8. 

1 M i H 

« 


1 

1. 

.-mi 

.4166 

G250 

8333 

1 042 

1250 

1.458 

1.666 

2.083 

2.r>oo 

2.916 

3.333 

H 

.2344 

4688 

.70:4:4 

9375 

1.172 

1.406 

1.640 

1 875 

2 344 

2.812 

3.280 

3.75 

M 

2605 

.5210 

.7810 

1.042 

1 30.4 

1 563 

1823 

2 08:1 

2 605 

3 125 

3.646 

4.166 


2865 

.5730 

839.5 

1.116 

1 432 

1.719 

2 006 

2.292 

2 864 

8.438 

4.012 

4.58.1 

% 

.3125 

.6250 

.9375 

1 250 

1.562 

1.875 

2.188 

2..500 

3 125 

3.750 

4.875 

5.006 


.3385 

6771 

1 015 

1..3.I4 

1692 

2.031 

2.370 

2.708 

3.^ 

4 062 

4.740 

6.410 

H 

..1646 

7292 

1.091 

t 458 

I 823 

2.1SH 

2.550 

2 916 

3.646 

4:175 

6.105 

6.8:i.'l 

}i 

.3906 

.7812 

1.172 

1 562 

1.953 

2.344 

2 735 

8.125 

3 906 

4.688 

5.470 

6 25 

2. 

.4166 

.83:4:4 

1.25 

1.866 

2 08.3 

2.500 

2.916 

3.3.33 

4.166 

5 000 

6.833 

6.666 

n 

.4427 

8855 

1.328 

1 771 

2.214 

2 656 

3 098 

3 542 

4.428 

5.312 

6.196 

7 083 

H 

.4688 

.0375 

1.406 

1.875 

2:444 

2.812 

3 281 

8.750 

4.688 

6 624 

6.562 

7.50S 


.4948 

6895 

1.484 

1.979 

2 474 

2 968 

3 46:4 

3.958 

4.948 

5 936 

6.9'26 

7 916 


5210 

1.042 

1.562 

2 083 

2 60.5 

3 125 

3.616 

4.16b 

5.210 

6.'250 

7*291 

8.333 

H 

5470 

1.094 

1 641 

2 187 

2 7:»5 

.4 2H2 

.3 829 

4.375 

5.470 

6 564 

7.C58 

8 750 

% 

.57.40 

1 146 

1.719 

2 292 

2 865 

3 438 

4 011 

4.583 

6.730 

6.876 

8.0'22 

9.166 


.5990 

1 198 

1 797 

2:196 

2.995 

3 594 

4.193 

4.792 

5.990 

7.188 

8 386 

9.583 

8. 

.625 

1 250 

1 875 

2 500 

3.125 

.3 750 

4 375 

5.000 

6 250 

7.500 

8.750 

10.00 

H 

.6515 

1 303 

1 954 

2 605 

3.257 

8.908 

4.560 

5 210 

6.514 

7.816 

9.1*20 

10.43 

a 

.6770 

1.354 

2.081 

2 708 

3.ia5 

4 062 

4 7;J9 

5 416 

6.770 

8.124 

9 478 

10.83 

H 

.70.44 

1.406 

2 109 

2.812 

3 516 

4.218 

4 921 

6.625 

7.032 

8 4:16 

9.842 

11.25 

H 

7291 

1.458 

2.188 

2.916 

3 616 

1.375 

5 105 

5 833 

7.‘291 

8.7.50 

10.21 

11.66 

H 

7.V55 

I.S1I 

2.266 

3.021 

3 777 

4 5:13 

5 288 

6.042 

7.564 

9 066 

10.58 

12.08 

H 

.7812 

1.562 

2.343 

3.125 

3 906 

4 686 

5.468 

6. ‘25 

7.812 

9.372 

10 94 

12 50 

H 

.8070 

1.614 

2.421 

3.229 

4 035 

4 842 

5 65 

6 458 

8 070 

9 684 

11.30 

1*2.92 

*. 

.8.33.3 

1666 

2 500 

3.333 

4 166 

6000 

5 8.33 

6666 

e .3:13 

1000 

11 66 

13 33 

H 

.8595 

1.719 

2 578 

.3 438 

4 297 

5.156 

6.016 

6 875 

8.594 

10 31 

12 03 

13.75 

H 

.8835 

1.771 

2.656 

3 .542 

4.427 

5.312 

6.198 

7.083 

8 8.54 

10.62 

12 40 

14.16 

H 

.9115 

1.828 

2.734 

3 616 

4 557 

5 468 

6 380 

7.291 

9 114 

10 94 

12 76 

14 58 

H 

.9375 

1.876 

2.812 

.3.750 

4 687 

5 624 

6.563 

7 500 

9 374 

11 25 

1.3 12 

15 90 

H 

.96.46 

1.927 

2 891 

3 864 

4 818 

5 782 

6 745 

7.T08 

9 6:m 

1156 

13 49 

15.42 

H 

.9895 

1 979 

2.968 

3 958 

4 917 

5<»:i6 

6 926 

7.917 

9.894 

11 87 

13.85 

15.83 

H 

1 016 

2.0.31 

.3.046 

4 062 

5 080 

6.0% 

7.112 

8.125 

10.16 

12 19 

14 22 

16.‘25 

6. 

1 042 

2.083 

3.125 

4.166 

5 210 

6 25 

7.291 

gsw 

10 42 

12.50 

14.58 

1666 

H 

1.068 

2.136 

3 204 

4 271 

5.340 

6 408 

7 476 

8 542 

10 68 

12 81 

14.95 

1708 


t 094 

2.188 

3 282 

4..375 

5 470 

6,564 

7 658 

8.750 

10.94 

1313 

15 31 

17.50 


1.120 

2.240 

3 360 

4.479 

5 600 

6 7*20 

7.840 

8 958 

ll.*20 

13 44 

15.68 

17.92 


1.146 

; 2.292 

3 4.38 

4 584 

5 730 

6 876 

8.022 

9167 

11.46 

13.75 

16.04 

18.33 

8 

1.172 

2..344 

3.516 

4.687 

5 860 

7 032 

8.204 

9.375 

11 73 

14 06 

16.40 

18 75 

H 

1.I9B 

2.896 

3.594 

4.791 

5 990 

7.188 

8.3H6 

9583 

11.98 

14 37 

16.77 

19 16 

H 

1.224 

2.448 

.3.672 

4.896 

6.120 

7..344 

8.568 

9 792 

12 24 

14 68 

17.13 

19.58 

6. 

l.'150 

2.300 

3.750 

5.000 

6 250 

7.500 

8.7.50 

1000 

12.50 

15 00 

17.50 

20 00 

H 

1.276 

2 552 

.3.828 

6.104 

6.380 

7.656 

8.932 

10 21 

12 76 

15.81 

17.86 

20.42 


1.302 

2.604 

3.906 

5 208 

6 510 

7.812 

9.114 

10 42 

13 02 

15 62 

18.23 

20.83 


1.328 

2.667 

3.984 

5.313 

6 640 

7.968 

9 297 

10.63 

13 28 

15.93 

18 59 

21.25 


1.854 

2.708 

4063 

6 417 

6.770 

8.V26 

9.480 

10.83 

13.54 

16.25 

18.96 

21.66 


1.881 

2.761 

4.14,3 

5.521 

6.908 

8.286 

9668 

11.04 

13.81 

16 57 

19.83 

22.08 


1.406 

1813 

4.218 

6.625 

7.0.30 

8 436 

9 843 

11.25 

14.06 

16.87 

19.69 

22.50 

% 

1.432 

2.864 

4.296 

5.729 

7.160 

8.592 

10 02 

11.46 

14.32 

17.18 

30.04 

22.92 

7. 

1.458 

1916 

4.375 

5.833 

7.291 

8 750 

10 20 

11.66 

14.58 

17.50 

30.42 

23.33 

H 

1.484 

2.969 

4.452 

5.938 

7 420 

8.904 

10.39 

11.87 

14.84 

17.81 

30.78 

28.75 

% 

1.511 

3 021 

4 633 

6.042 

7.6.55 

9.066 

10.58 

12.08 

15.11 

18.13 

21.16 

24.16 


1.536 

8.073 

4.608 

6.146 

7.680 

9 216 

10.75 

12.29 

15.36 

18.43 

21 ..50 

24.58 


1.662 

3125 

4.686 

6.250 

7.810 

9.372 

10.93 

12.50 

15.63 

18.74 

21.86 

25.00 


1.588 

8.177 

4.764 

6.354 

7.940 

9.528 

11.12 

13.71 

15.88 

18.06 

22 24 

25.43 


1.615 

3.229 

4.846 

6456 

8.075 

9.690 

11.31 

13.93 

16.16 

19.88 

22.62 

25.81 

u 

1.641 

3.281 

4.928 

6.562 

8.305 

9.846 

11,48 

13.13 

16.41 

19.60 

22.96 

26.25 

8. 

1.666 

3.133 

5.000 

6.666 

8.338 

10.00 

11.66 

18.38 

16.66 

30.00 

28.33 

26.66 


1.603 

3.386 

5.079 

6.771 

8.456 

10.15 

11.85 

13.54 

16.91 

30.30 

28.70 

37.08 

H 

1.719 

8.438 

6.167 

6.875 

8.595 

10.SI 

12.W 

13.75 

17.19 

30.61 

24.06 

27.50 


1.745 

8.488 

6.236 

6.979 

8.735 

10.47 

13.21 

13.96 

17.45 

30.94 

24.42 

27.92 


1.771 

8.542 

6.313 

7.083 

8.856 

10.68 

13.40 

14.17 i 

17.71 

21.36 

134.80 

38.33 


1.70T 

8.594 

6.891 

7.188 

8.986 

1 10.78 

12.58 

14.87 

17.97 

31.56 

25.16 

38.75 


1.823 

8.648 

5.469 

7.293 

1 9.116 

110.94 1 

12.76 

14.68 

18.28 

31.68 

25.52 

29.17 


1.849 

8.aN 

5.547 

7.896 

9.346 

11.09 

13.94 

14.79 

18.49 

33.18 

' 35.88 

39.56 


1.676 

8.760 

5.626 

7.600 

9.875 

11.35 

18.13 

15.00 1 

18.76 

33.50 

36.34 

80.00 

g 

1.901 

8.603 

6.708 

7.604 

9.605 

11.41 

IS.SI 

15.31 

19.00 

33.81 

36.62 

80.43 

H 

1.927 

8.864 

5.781 

7.708 

9.836 

11.56 

18.49 

[15.43 

19.37 

23.13 

36.96 

80.88 

K 

1.963 

8.906 

5.859 

7.812 

9.765 

11.73 

13.67 1 

15.6*2 ' 

19.53 

28.44 

37.84 

81.25 

H 

1.979 

8.968 

5.937 

7.916 

9.896 

11.87 

13.86 

15.84 

19.79 

28.74 

127.70 

81.67 

H 

2.006 

4.010 

6.016 

8.021 

10.03 

13.08 

14.04 

16.04 

30.04 

24.06 

38.08 1 

82.08 


2.031 

4.062 

6.008 

8.135 

10.16 

13.18 

14.31 

16.25 

20.32 

24.36 

38.43 

82.59 

H 

2.067 

4.114 

6.171 

8.239 

10.39 

13.S4 

14.40 

16.46 

hiO.58 

24.68 

38.80 

32.92 

10. 

2.088 

4,166 

6.260 

8.833 

10.41 

13.60 

14.68 

16.66 

30.82 

25.00 

39.16 

18.88 

K 

1109 

4.219 

6.827 

8.438 

10.66 

13.65 

14.76 

16.85 

21.10 

25.30 

39.53 

88.78 

a 

1186 

4.270 

6.406 

8.541 

10.67 

13.81 

14.94 

17.06 

31.84 

35.62 

39.68 

84.11 
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Weisbt of 1 ft In length of FLAT ROLLED IBOBT, at 480 IM 
per cubic foot— (Continued.) 






THICKNESS IN INCHES. 





1-16 

M 

3 16 i 

H 

.VIS 

h 

7-16 


W 

a 

« 1 

1 

lOH 

2 162 

4.329 

6.486 

8646 

10.81 

12 9T 

15.13 

17 29 

11.62 

26.94 

30 26 

84.58 


2 I8H 

4.376 

6 664 

8.750 

10.94 

13 13 

15..il 

17.50 

21.88 

26.26 

30 62 

35.00 

% 

2 2U 

4 427 

6 642 

8.864 

11.07 

1.3.28 

15 50 

17 71 

22.14 

26.56 

.31 00 

35.42 

H 

2.239 

4 479 

6 717 

8.958 

11 20 

1.1.43 

15 67 

17.92 

22.40 

26 86 

.31 34 

35.88 

yi 

2.266 

4.631 

6 798 

9 062 

11.33 

13 59 

15.86 

18.12 

22.66 

27 18 ! 

31 72 

86.25 

11. 

2 291 

4 5H3 

6 87.1 

9 166 

11.46 

13 75 

16 04 

18 3.1 

22.90 

27 50 

82 08 

86.66 

a 

2 :iis 

4.636 

6.964 1 

9 271 

11.59 

13.91 

16.22 

18 54 

23.18 

27.82 

32 44 

37 08 

H 

2.:U4 

4.6S8 

7 032 

9 376 

11 72 

14.06 

16 40 

18 75 

23.44 

28 12 

32 80 

37.60 

% 

2 270 

4 740 

7.110 

9.479 

11.85 

14.22 

I6..69 

18 96 1 

23 70 

28.44 

33.18 

37.92 


2..'595 

4 791 

7 186 , 

9 582 

11 97 

14.37 

16.76 

19 16 ! 

23.94 

28.74 

83.52 

.38.33 

K 

2 422 

4 844 

7 266 

9 688 

12 11 

1 t..VI 

16 96 

19.37 

24 22 

29 06 

33 90 

38.75 


2.41h 

1 4 896 

7 141 

9 792 

12 21 

14 68 

17 15 

19 68 ! 

24.48 

29 36 

34 26 

39.16 


2 474 

! 4 918 

7 422 

9 .S'Ki 

12.17 

14 84 

17 .52 

19 79 

24.74 

29.68 

34 64 

89.58 

12. 

2.j00 

1 6.00U 

7.600 

10.00 

12.50 

15.00 

17 50 

2O.00 

25.00 

30 00 

36.00 

40.06 


tfeiig'ht of Wroiigrht Iron and Steel. 

AHNumlnff 4HI5 IbK. per cub ft,* specific gnivlty, 7.76; a cubic inch 
weighs 0.28067 lbs ; an<l a pound contains 8.5629 cubic inches. 


Table, pn]|;e llSOi D - thickness or diameter, in inches. 

Wt. of plate, 1 ft square, in ibs, " 40.4167 D ; Log W -= 1.606 6605 + Log D 

» “ sq iiur, 1 ft long, in Hks, = 3.86806 1>2 ; Log W = 0.527 3792 + 2 lx)g D 

« “ rd bar, 1 ft long, in Ibs, = 2.64527 D* ; ]a>g W -■ 0.422 4693 + 2 Log 1> 

“ “ ball, in Ls, = 0.146959 1)» ; Log W = 1.167 1966 + 3 Log D 


Welaht of a 
apberlcal obeli 


weight of ball having) __ (weight of ball having 
outer diameter of shell j ( innei diameter of shell. 


Weiichts of equal mameo. 


For lead. 
For copper, 
For brans. 
For tin. 

For Eftie or 
cast iron. 


at 700 lbs per cub ft : 
“ 550 " “ “ 

« 5QP » K <> 

» 460 “ “ 

“ 450 “ " « 


weight 1.44 


= 1.13 

-- 1.03 
= 0.948 


“ = 0.928 


X 

X 

X 

X 

X 


weight 

of 

wrought 

iron 


♦Very pure soft wrought iron weighs from 488 to 492 lbs per cubic foot ; average 
rolled iron about 480. At 480 lbs, a bar 1 inch square weighs exactly 10 Ibs per 
yard » 8^ lbs per foot. 
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BHEET^RON. 


Weiitftitfl por square fiDot of iralvanizod Hlioet iron. Standard um 
adopted by the American Qalvanieed Iron Asfl’n, at Pittsburgh, April, 1884, 

Sqft 

per 

2240 Iba. 


lost) 

943 
833 
7-J6 
f)97 

The |tralvanizlnf( itt Htmply a thin tilm of cine on )>ot)i sides of the 

sheet, AS ill wliHt IS known hs “ tinurd plates,'* or *' tin , " winch are in reality sheet iron sluiilarly 
eosieii with tin. Zino like tin, resists oorroaiou from ordinal v atmospheric influences, much better 
than iron, and henoe the use of these mctala as a proiectiou to the iron. A well Rolvanlsed roof, 
of a good pitch, will suffer hut little from 5 to 6 tears exposure without beiug painted. It will then 
take palm readily, and should be painted Ills better, however, always to paint tin ones at onoe. 

Paint docsi not a4ln«ro well to now itinc. nnil tins h tiic jinncipa! 

reason why new galvanized roofs are not painted; hut this may he tcmedied by flrst brushing the 
sine over with the follnwing One pai t of chloride of oofiper, 1 part nitrate of copper. 1 part of sal- 
ammoniac Dissolve in 64 p irU of water. Then add I p.ii i of commercial hydrochloric acid. When 
brushed with this «:oluilon. the zinc turns black . dries within 1*2 to 24 hours, and m.iy then be painted. 

Palut of some mineral oxide of a browu color is geinraliy used , one coat being applied to both 
sides ill thj shop ; and the other after lielng pul on the roof. Repainting every 3 or 4 veurs will suffice 
afterward IJngalvanlzed iron (called black ikon, for disUnctiou) is also very enduring for roofs, if 
welt piilnted every 1 or 2 tears. The chief advautugenf galvanized roofing is that it does not require 
painting so often as the black. The galtaiiiziug adds about ^ of a lb {ler square foot of surface, or 
about H ^ P«r sq ft of sheet as oonted on both sides; without regard to the thickness of the sheet. 
Paint for roofs should not have much dryer. See Paiuting. 

Tlift Nul|»liiir4»UH fumes from coal are very eorroNivc of 

KiTHRH QALVANiZRD OR BLACK IKON , US may be seen In sbops, railroad bridges, or engine houses, 
roofed with clilier , if efficient meaus are not provided (or oarryiog off the smoke ; and the same with 
other metals The acid op oak timber is said to destroy tbe zino of galvanized iron 

Plat lion is usually nailed upon a sbeetlngof boards; but the strength of corrugated iron 
obviates the necessity for this, and enables it to stretch h oi 6 ft from purlin to purlin,, without inter, 
mediate support. The omrugated sheets are riveted together on the roof, by rivets of galvanized 
wire about one eighth inch thick, 300 to a pound, well driven (so as to exclude lalu) ,H or 4 inches 
apart, all aiouiid the edges. The rivet holes are first punched bv machiuerv, so as to lusure coinob 
dence in the several sheets ; and the rivets are driven bv two men, one above, and one lieueath the 
roof. For black iron, uugalvuiiizcd nails, lioileii lu linseed oil as a partial fireservatlvc from rust, are 
lommonlv used; as also in shingling or slating. Galvanized ones, however, would lie better in all 
these cases , or even copper oues for slatitiR bMause good slate endures niueh longer than either 
Ihingles or iron, and therefore it becomes true economy to use diiraide metals fur fastening it. In 
none of these cases, however, arc the nails fuliv expend to the weather 

The sheetN of Hat Iron are put toH^etlier by overlappinn^ and 

fOLDiNO the kdokb, much the same as shown by theflgfpafifelSOS.nead Tin , the joints wuiob run 
up and down the roof being the same as ats a, and the horizontal ones as at c t; 
except that luasniuch as these are n, t soldered in the iron sheets the joint is made 
about ^ to 1 inch wide, instead of % liich, the better to provide against leaking. 
Cleats are used a.s in tin, with 2 nails to a cleat. The iron plates are best laid on 
sheeting boards ; but In sheds, fto, are sometimes laid directly ou rafters, not more 
than about 16 ins apart in the clear , the plates being allowed to sag a tittle between 
the rafters, so as to form .hallow gutters. In such cases it is well to bevel off the tops of the raftert 
■lightly, as in this fig. 

A serious objection to iron as a roof eoverinir, is its rapid con- 
densation of atmospbeno moisture; which falls from tbe iron in drops tike rain, and may do Injury 
to ceilings, floors, or artloles in the apartments Immediately beneath the roof. Painting does not 
appreciably diminish this; it may, however, be obviated by plastering. 

Corrnffated sheet iron. The size of sheets generally used for corrugating, 
U 30 inohes wide by 06 inches long. Corrugation reduces the width to 27J^ inches. When the oor* 
rugated sheets are Isid upon the roof, tbe overlapping of about 21^ Inches along the sides, and of t 
inohes along their ends diminishes the area of roof covered by ashcet, to about seven-eighths of that 
of tbe entire corrugated sheet itself; or, the weight (ler square foot of roof covered, will be about 
one-seveuth greater than that per square fool of the rorrvgated sheet , or. tbe weight of corrugated 
Iron per square foot of roof covered is about one-fifth greater than that of the Bat sheets from which 
It is maile. 

About 6 Inohes are usually allowed for the extension over the eaves. 

The weights per square foot oorrespondlng u> the different numbers of the Birmingham wire gauge, 
vary somewhat with the different makers. The two styles of corrugation given in the table below 
6 x 'l^ and 2^ T SI’S those most frequently used. 



No. 

Ounces 
avoir 
per sq ft 

Sq ft 
per 

2240 lbs 

No. 

Ounces 
avoir 
per sq ft. 

fiqfl 

per 

2240 lbs. 

No. 

Ounces 
avoir 
per sq ft. 

29 

12 

2987 

24 

17 

2108 

19 

33 

28 

13 

2757 

23 

19 

1886 

IS 

38 

27 

14 

2660 

22 

21 

1706 

17 

43 

26 

15 

23S9 

21 

24 

U93 

16 

48 

25 

1 16 

2240 

20 

28 

1280 

14 

60 
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No. 

Bmghm 
wire ga. 

Thick- 1 

ncNH 
in ins. 

Wl In fltis |)cr’ 
sti ft of sheelif. 

IVt in !bs per 
sq ft of roof. 

Black 

Black 

Black 

Lead cot’d 
or galv’d 

Black 1 

Lead eot'd 
or galv’d 

20 

.035 

1 84 

2. 

2 12 

2.3 

22 

,028 

1.50 1 

1.6 

1.73 

1 84 

24 

.022 

1.20 

1 25 

1 :i8 

1 44 

26 

.018 

1 1 00 

1 12 

1 r. 

1 29 


NtreiiKlh of Corriij^ated Iron. HxperiiiirntN by tlio aiitlior* 

First. A slirot dthof No. 1« iron, 

(iilimit inrh tluik,) 27 ins wide, l>^ 4 It lung, 
with lue uimideto roi I npintitins of lll^ l)y 1 imli, 

Wits laid un siippoits d it 'J iiih apait A liha k of 
wood f, 1) ins wide, by 7 ins thick, and .'50 in.' long, 
was plaeod acioss the ci'ntor, and graduitllj loaded 
with castings weighing IbOO Itis. 

ThiH cauned a detleuiiuu at the center of precisely an 
inch. Oil the reinutul of tbe load after an hour, no pernia 
nent set was upprecialilu. The severity of the test wu*. pur- 
poBult increased by applying the several castings very 
roughly, jolting the whole us much as possible.* The bub- 
pended area of the sheet was 8 44 sq ft; and since the actual center load of 1600 Ihs Is about oquiva- 
(OlK) 

lent to .tOUO lbs equally dietnbuted, it amounts to ^ P'*'' ‘*4 h distributed. But 3000 lbs 

distribiitid would produce a defiisition of hut about futl % of an Inch. Again, Hee lbs per sq ft 
is about 4 times the weight of the greatest crowd that could well congregate upon a floor Couse- 
qiieiitly this iron, at 3' 9 ' span, is safe in practice for any ordinary crowd. Moreovei , such a ciowd 
would produce a center dctlecHon of only the ^th :»*rt of H of an inch ; or of an inoh; or 
of the clear span ; which is but two-tbirds of Tredgold’s lliuu of of tbe spaa. 




In one experiment the etids of the sheets rested upon supports dressed so as to present undulatinnR 
oorrespoudiDg tolerably closelv with the shape of the corrugations; but in tbe other the Bupports 
wore tint, and each end of the sbett rcstoil only upou tbe lower points of tbe corrugations. No ap- 
proclahle dllToreiiee was observed in the results. 

Ne<*oii<l. An areh or No. 18 
Inch) Iron, corrugated like the foregoing, 
but the depth of corrugation increased to 
1'4 ill'’ process of arching the sheet; 

clear span ii ft 1 inch ; rise 10 ins ; breadth 27 
ins, (or w'hich however, only 25 ins bore 
against the abutments.) 

Eiieh foot o of the areh abutted upon a casting J, 
the inner poitiou I of which was undulated on top. to 
correspond with the corrugations of the areh, which 
rested upon it. At y, (one-fourth of the span.) two 
Wooden blocks were placed, occupying a width of 9 
luobea, and exteiidmg across the arch ; on them was 
piled a load, I, of castings, to the extent of 4480 lbs, 
or 2 totiB. Under this loud the arch descended about 
half an Inrh at jr, becoming Haiter on that side and 

slightly iiioie curved upward along the unloaded side n. Two similar blocks were then placed at n, 
and two tons of load, b, were piled upon them, in addition to the 2 tons at {; making a toiul of 8960 
IbB, or 4 tons. This brougliftlie arch more nearh back to its oiiginal shape; hut still slightly 
straightened at both n and y, and a IHiIe more curved in the center. The load was then increased to 
10000 lbs, and left standing for seieral days. Two Iron ties, each bi by 14j(, which were usixl for pre- 
venting the abutment castings J from spreading, were found to have stretched neiirlv of an Inch. 
Additional ones were Inserted, and the load increased to a total of 6 tons, or 13440 lbs. parts of it on 
B and I, and part in the shajie of long broad bars of iron at the center of the arch, below the loartB $ 
and {, and t>et ween n and q. 8lo far aa could be Judged by eve, the shape of tbe arch was now almost 
perfect. TTie foarfs s ajid I did not fmteh each othrr. After standing more than a week, the load 
was aocldeniallv nieriiirncd, crippling the arch The load was equal to shout 1000 lbs per sq ft of 

the arch. Such arches have since come Into common use ipstead of brick, for 

fireproof lloorM. 

Furvefi roofs of 25 to 30 ft «ipan. rising about V 4 span, may be made 
of ordinary corrugated iron of Kos tfi to i:i, riveted as usual ; and liaving no acces* 
Bories except tie-rods a few feet apart ; continuous angle-iron skewbacks ; and thin 
vertical rods to prevent the ties from sagging. 

• without letting tbe deflection exceed H inch ; which was prevented by a stop under the aheet. 




*Fotp^ give tbe ** nominal” {nner, for toiler tube$ the etOer diam* See p Ott. 
tFor di^uuts, see price Uit 
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Acreir Tbreadf*, Bolts, Nats, and Washers. 

Screw threads, a = angle between two sides of a 
thread ; P = pitch ; to — width of flat top or bottom of 
each thread ; all measured in a plane containing the 
axis of the screw; N = number of threads per inch, = 
l/P, In the Sellers or Franklin Institnte 
Standard, proposed by Mr. William Sellers and 
adopted by the Institute in 1864, a = 60° ; S = P ; tr = c 
-- P/8 ; F = 0.75 P ; M = P cos a/2 = 0.8660 P ; D (diam- 
eter) = d + 2 X 0.866 X 0.75 P = d 4- 1.299 P. Under the 
name of United States Standard, the U. S. Navy 
Department in 1868 adopted the Sellers system, except 
for finisiied heads and nuts, which it made the same as 
for rough heads and nuts. 



D 

d 

W 

— 

D 

d 

W 

|g 

D 

d 1 

W 

N 

D 

d 

W 

N 

iBi. 

ins 

ins 


ins 

Ins 

ins 


ins 

ins 

ins 

ins 

ins 

ins 


U 

48.') 

,0062 

20 


.837 

.0156 

8 

2 

1.712 

.0277 


4 

3.567 

.0413 

3 


.240 

.0074 

IS 


.940 

.0178 

7 

‘U 

1.962 

.0277 

4k 

% 

3 798 

.0435 

2^ 

a./ 

.294 

.0078 

16 


1.065 

.0178 

7 

2J4 

2.176 

.0312 

4 


4.028 

.0454 

2X 

7-16 

' .344 

.0089 

14 


1.160 

.0208 

6 

2% 

2 426 

.0312 

4 

m 

4.256 

,0476 

2% 

i/, 

1 .400 

.0096 

13 

iS 

1.284 

.0208 

6 

3 

2.629 

0.357 

3U 

5 

4.480 

.0500 

2^ 

9- To 

1 .464 

.0104 

12 


1..389 

.0227 


3K 

2.879 

.0357 



4.730 

.0500 

2% 

1 

.507 

1.620 

1.731 

.0113 

.0125 

.0138 

11 

10 

9 

li 

1.491 

1.616 

.0250 

.0250 

5 

6 


3.100 

3.317 

.0384 

.0413 

3 

6 

4.953 

5.203 

5.423 


1 


Biiiiensions of Hea<ls and Nuts. 

Ronffh. 1 Finished. 


X 

11 fin head) 
H (tn ntU) 


D — 1-16 inch. 



Flff8.2 


In the Whitworth (English) standard thread, the angles, Mr 1, is 5^. 
The tops and bottoms ot the threads are rounded, instead of flat as in the Ameri- 
can standards. Tho mimhei (N) of threads per inch is the same as above for 
diam'. of hull up to three ms, exeept for D inch ; where N -■« 12. 

lu the International metric screw threi^, adopted at Zurich, 
October, 1898, the Sellers thread profile is used. The dimensions are as follows, 
ail iu inillimeieis: 


Diam. | 

57t 

9 

,0 

ll| 12 

14jl6jl8|20j22|24 

Pilch j: 

l.o|l.25 

1.5 1 1.75 

j 2 0 1 2.5 1 3 


54 2730 33 S 


jsejss 

42|4548’|52|56|60 


68|72 76 

80 

1 4.0 

1 4.6 I 6.0 1 5.5 

6.0 

6.5 



Intermediate diameters are to lie of an Integral numoer oi miiiimeiere, auu 
of the same pitch as the next smaller diameter iu the Uble. Thus, for diam 66 
or 69 miu ; pitoli = 6.0 mm. 

l>lnt#.iron washers. Rtaudard sizes. Diameters of washers and bolt- 
ho” Clinches. Approximate thickness by Birmingham wire gauge. Approxi- 
nate numlier iii one fl). 


Diams. j 

Ths. 

No. 

Diams. 

^Tbs. 

/ 

( No. 

1 

Diams. 

Tbs. 

^ No. 

A 

6-16 

6-16 

J 

18 
16 j 
16 

16 

14 

450 

210 

139 

112 

68 

IH 

1% 

P 

Ji 

n-tl 

13-16 j 

14 

12 

12 

10 

10 

43 

1 26 

22.6 

13.1 

10.1 

P 

15-16 

1 1-16 

li 

9 

9 

9 

9 

9 

8.6 

6.2 

6.2 

4. 

&8 
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BOLTS, NOl’S, WASHEIte 


A tquare b<'ft ) and nut together, weigh about as mnob as e length of the bolt equal to T or S tSoto 
U. Htxa/gon, 6 or 7. 

With the above dimenMona a bolt a ill generally fall by breakin| 
off between the bead aud the nnt, wlit-re the diameter is decreased 
by outting the thread, rather than by strippiug off its threads. 
The diani Ih of tlio tJlreatl inimt of conrhe be (ireHter 
than that re(]uin«l to b.;Br sately the pto|H»«‘d teD^ile Htriilu, by an amount 
equal to iioire the depth of the thread Tiie waste of iron, which would 
M'uUlt fioni making the entire bolt of this greater diam. Is frequently 
avoided by making the bolt fioin a bur of only siilbcieui dimensions U> beat 

the strain Biiiely, and iipinettiiifi; ifa ends asm Fig 3, 

thus increasing their dlam suflicieutly to allow for the cutting of tho 

tlireads. 

In carpentry, as well as in tics for masonry, wathtrt, w w, of either oass 
or wrought iron, are placed between the timber, or stone, and the head 
and nut in older m duirlliute the pressure ever a greater surface, aud 
r m < tlius preveut oruhhing; eupeciully in timber. 

When iniiclk Hirained afcainisl wood, tbe siile 

of a square wnmght-iron washer, oi the diam tew of a circular one, should not he less than ♦ diiinis 
of the screw, as iu the (ig ; and Ita thickness, tw. M diam at trust. 

1 wo such square washers will together weigh as much as 18 diama in 
length of a round rod of the same di.iiii as the screw. Two round 
washers will weigh Uigetlier as mech as 14 dlaius of rod of same diam 
M sorew. In either case, asqiiaie head and nut will weigh as mneh 
as 6 diameters. Cast iron washers, betug tuoie apt to split under 
heavy strains, may be made about twice as thick as wrought ones. 

When the stralu is very great, the diam of the washei may be 5 or 
6 times that of the sorew , aud its thickness equal to dium ; hut 4 
diams will sutbee for moat practical purposes, or e\en 2 5 when there 
ia but little strain, aud tbe thickness may then be but .1 or ,2 dium of 
bolt. 

Table of marhliio and car bolts, with 

•quare and hexagon heads aud nuts, Pigs 4 aud 5; made by Uoopes 

A Towtisoud, litiO Buttonwood St, Phila. All their boltf* 
are cut with r. N. Ntandard threadH. ms &. 

}ior fif.sL tabic ou p 1105, ualcsh oibei w we oidered. DiHcouiits, see price list. 





TiengtU, ins 
exclusive of head. 

Weight, Itis of 
lUO bolu 

List price, 8 per 100. 

5Ei2 

Min. 

Mux. 

Min. Max. 

Mm. 

Max. 

H 

IK 

1 8 

3.9 13.2 

1.70 

2.74 

8-16 

A* 


6.2 20.3 

2.00 

3.56 


*< 

12 

9.7 43.5 

2.40 

6.76 

7^6 

<4 

“ 

14 7 58.3 

2.80 

7.00 

% 

«( 

20 

20.4 122.0 

3.60 

13.22 


u 


26 151.0 

6.20 

19.26 

% 

« 

24 

87 224.0 

“ 

22.30 

54 


“ 

68 830 0 

7.20 

29.70 

% 

2 

« 

97.7 470,0 

11.20 

42.00 

1 

<4 

“ 

145.0 625 0 

16.00 

55.60 




Expansion bolfa, for fastening plates, timbers 
etc., to walls of brick or mason ry. 'J'he wedge-sbajieG 
nut, traTeliii^ up tbe iiolt, as the latter is turned, 
presses the wings aRainst the sides of the hole, which, 
in practice, is drilled just large enougli to admit the 
nut and wings, so as to prevent the former from turn- 
ing with the bolt. If the hole is made larger, m 
shown, the nut must he held by a small wedge. 
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IjOCk-mit washers. When holts nre suhjected to much 
rough Jolting, as at rail-joints, Ac, the mds uie liable to year loo^se, 
and uHscreiv themselves. On railroads this is a souice of great 
annoyance, and innumerable devices lor previ^nting it have heeu 
tried. The Verona lock-nut washer* is a simple circular washer 
made of steel ; with a slit j .v cut ihiough it, leaving sharp edges. 

On one side, a, of the slit, the metal is pressed upward iii«)nl 
inch; and that on the other side, c, downward, the same distance ; 

Bo that a perspective view would be soniewhat as at t. >Jow', w hen 
the uiit is screwed down over the washer, in the diiectioii of the 
arrow, the slit oifers no obstruction; hut if the unt afterward 
tends to unscrew itself, the shai p upper etlge of the slit, along c, presents friction 
against the bottom of the nut, which tends to hold it in place. Besides, the 
washer, hv its elasticity, tends to resume its original shape, and tliiis presses the 
threads of the nut against those of the bolt; and the additional fiiction thus 
produced also aids lu holding the mit. 

Another lock-nut washer consists of a long strip of steel, wilh hro holes, each 
of which has its edges formed like those ol a Verona washer, and through eocA 
of which passes one of the holla of the lail-joint. 

Another device is to cut, at the end of the screw, a few threads of a screw of 
less diameter than the main one, and in the opposite direct ion. The nut is then 
aorewed upon the larger diameter; and alter it the loek-nut is screwed in the 
other direction upon thesuiallerdiam, until it comes into contact with the main 
nut. In the Smith lock-nut bolt, this second nut is only nhout inch thick ; 
and after being driven home, one of its corners is bent o\er the edge ol the 
main nut. 

The Atwood lock-nuts take advantage of elasticity In the niit itself, w'hich 
is obtained either by slitting the nut, or by reducing its thickness near the 
bolt liola 

It is claimed that if the threads of an ordinary bolt and nut are carefully out, 
so as to be in contact with each other throughout, no lock-nut contrivance is 
necessary, because the friction between the two threads is distributed over a 
larger surface, and abrasion does not take place so readily as if the threads 
touched each other at, only a few points. The nuts are therefore less apt to wear 
locate under repeated jarring. 

Ow ing to tlic ditfioulty ot obtaining such perfect fitting bolls and nuts, due to 
the wear of the cut ting tools used in their iiiaiiu fact nre, bolts and nuts have been 
made in which tiio thread on the bolt dlfifcrs .slightly in shape from that in the 
nut. They also furnish nuts in winch the thread, Instead of l^ing of uniform 
sliape throughout, giadually becomes deeper and thicker, by having Its side angle 
made more acute, ami its top truncated. 'ITiese nuts are used with bolts having 
the usual uiiifonu thread. The bolt enters the nut upon the side where the 
thread is of the same shape as Its own; but its tliread encounters, and is forced 
Into, the gradually narrowing and deepening patli between the threads of the 
nut. In both devices, the enforced conformity net ween tlie two threads is relied 
upon to give thedesired coniidetenessof contact between them. 'I'he greater force 
required In screwing on the nut also increases the friction between the threads. 


BUCKLED PLATES. 

Buckled plates are usually of steel, to in thick and 8 to 4 ft so ; some* 
times iu long plates having seveial buckles each. Buckle 2 to 8 ins. Flat rim 
or fillet, 2 to 4 ius. They are used for the flooi-s of buildings and of highway 

permissible load, lbs. on a single square buckled plate of any slae and 
thickne88.t Load — 4 Jfc < h; where k => tiermlsslhle unit stress in metal, lbs per 
aq In, say 6000 ; t =» thickness of metal, ins, and h »■ depth of buckle, ins, 
BucklM plates are stronger, and require lesscoiicrete.etc, for filling, when laid 
with convex side down. They weigh but little more than flat plates, or about 10 
lbs per sq ft per in of tbickue.ss. 


• Invented by Mr. Thomas Shaw, M. E., of Philadelphia. . 

t**Sted in Construction,*' by Fencoyd Iron Works, Phi l addp h ia, 1900^ p 147. 
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WEIGHT AND STREITOTH OF IRON BOLTS. (Original.) 

Diameters, weights, and approximate breaking strains, for round boltsi 
breaking strain per square inch assumed as follows: Dp to 1 inch square, or 1 
inch dium, 20 tons, or 44800 lbs; from 1 to 2 ins sq or diam, 19 tons; 2 to 3 ins, 
18 tons ; 8 to 4 ins, 17 tons ; 4 to 5 ins, 16 tons ; 5 to 6 ins, 15 tons. 

A long upset rod is no stronger than one not upset, against slowly applied loads 
or strains. Both will then break at about midlength, under equal pulls. In such 
cases use columns 5 and 6. 

Square bars. Strength or wt => 1.273 X strength or weight of round bar* 

Kam (Strength «= 0.8 X strength of similar iron bar. 

Dopperbanu | height -1.14 x weight “ “ “ “ 


Ids. P«1«- 
i .0414 


Ends not 
enlarged. 

Diam. 

of 

shank 

Weight 
per foot 
run. 

Ins. 

Pds. 

.35 

.321 

.43 

.452 

.50 

.664 

.58 

.897 

.66 

1.14 

.73 

1.41 

.80 

1.67 

.S8 

2.03 

.06 

2.41 

1.04 

2.81 

1.12 

3.26 

1.20 

3.77 

1.27 

4.27 

1.35 

4.77 

1.42 

6.28 

1.49 

5.81 

1..^5 

6.39 

1.64 

7.04 

1.72 

7.74 

1.80 

8.48 

1.87 

9.20 

1.94 

988 

2.00 

10.6 

•2.07 

11.3 


Break* 

.‘r"a?n. 

Break- 

ing 

strain 

Diam. 

of 

shank 

Weigh! 
per foo! 
run. 

Tons. 

Pds. 

Idi. 

Pds. 

46.7 

102368 

2.14 

12.0 

49.0 

109760 

2.22 

12.9 

52.6 

llTtOO 

2.30 

13.8 

66.0 

125440 

2.38 

14.7 

69.7 

133728 

2.45 

16.7 

63.8 

14291-2 

2.59 

17A 

71.6 

160384 

2 73 

19.5 

79.7 

178628 

2.88 

21.6 

88.4 

198016 

3.02 

23.9 

97.4 

218176 

3.16 

26.1 

106.9 

239466 

3.30 

28.6 

116.8 

26163-2 

3.45 

81.1 

127.2 

284928 

3.60 

88.9 

141.0 

315840 

8.86 

89.1 

16.3.6 

366464 

4.12 

44.4 

187.7 

420448 

4 41 

61.0 

213.6 

478464 

4.70 

67.8 

2-27.0 

608480 

4 98 

65.2 

264.5 

670080 

6.25 

72.9 

283.5 

635040 

5.53 

80.5 

314.2 

703808 

5.80 

88.1 

324.7 

72732^ 

6.08 

97.0 

356.4 

798336 

6.36 

106, 

389.5 

872480 

6.63 

116. 

424.1 

949984 

6.90 

126. 



WIRE GAUGES. 


1169 


The Binnin;!;ham wll^ KanHpe is the one In nnmt general use for Iron. The 
new British w g went into effect March 1st 1884. In the “ American ” w g of Dar- 
ling, Brown A Sharpe, Providence R. I., each dimn or thick is «='- the next fonaller 
one X 1.122932. We take the wt of wrot iron per cub ft at 486 llw in the first two ; 
and at 486 in the last. For the wt of Nteel« mult that of iron by 1,01. For 
lead, mult iron by 1.46. For zinc, mult iron by .9. For braas (approx), mult 
Iron by 1.06. For copper, mult iron by L134. 


Blrmlng^ham W. Ga. 


Vo. 

Diam of 
wire, or 
thioknesa 
of abeet, 
ina. 

Wtof 
Iron wire, 
in Iba per 

llD fu 

Wtof 
iron 
aheeta. 
in Iba per 
■q ft. 

7-0 










5-0 





4-0 

.454 

.546 

18.86 

8-0 

426 

.479 

1718 

t-0 

MO 

.383 

16.86 

0 



18.74 

1 


.238 

12.18 

8 

.284 

.214 

11.48 

3 

.259 

.178 

10.47 

4 

.238 


9.619 

5 

.220 

128 

8.892 

6 


.109 

8.205 

7 

.180 

.0859 

7.276 

8 

.165 


6.669 

9 

.148 

.0680 

6.981 

10 

.134 

.0476 

5.416 

n 

.120 

.0382 

4.850 

12 

109 

.0315 

4.406 

13 


.0289 

8.840 

14 

.083 

.0188 

8.855 

15 



2.910 

18 

.065 

.0112 

2.627 

17 

.058 

.00891 

2.344 

18 


.00636 

1.980 

19 



1.697 

20 

.035 


1.416 

21 



1.293 

22 

.028 


1.182 

23 



1.010 

24 


.00128 

M92 

25 

.020 


.8083 

26 

.018 

.000859 

.7225 

27 

/)16 


.6467 

28 

J)14 


A658 

29 

.018 

irri:i?l!:a 

A254 

SO 

jau 

FVi 1 iTl 

A850 

81 

m 

pQ.tViVn 

A042 

82 

JOOO 

1JOQO215 

MM 

83 


.000170 

MM 

84 



MW 

85 

M6 

.000060J 

J2m 

36 

87 

.004 

j000042( 

.1617 

88 

*** * 



89 

.......... 



40 




41 

"*** 



42 




48 

1.1.. 



44 




16 

40 

— 




47 

48 

— 

— 



Diam of 
wire, or 
thiokncHS 
of sheet, 


New British W.Ga.1 


.600 

.464 

.432 

.400 

.872 

.848 

.824 

.800 

.278 


.212 

.192 

.176 

.160 

.144 

.128 

.116 

.104 

.092 

.080 

.072 

.064 

.058 

.048 

.040 

.036 


.024 


.018 

.0164 

.0148 

.0136 

.0124 

joiie 

J0108 

.0100 

.0092 

.0084 

.0076 

.0068 

.0060 

J0062 

.0048 

jooa 

.0040 

/)030 

JOOSi 

.0028 

.0024 

JOOQO 

X)016 


Wtof 
Iron wire, 
in Ibn per 
Un ft. 


.661 

.669 

.494 

.423 

.366 

.820 

.278 

.288 

.202 

.168 

.142 

.119 

.0976 

.0820 

.0677 

.0548 

.0434 

.0367 

.0286 

.0224 

.0169 

.0187 

D108 

.00832 

.00610 

.00428 

.00344 


.00152 
.00128 
,00106 
.000857 
.000718 
.000679 
.000489 
.000408 
.000357 
\ .000309 
.000266 
,000224 
.000187 
.000153 
.000122 
.0000952 
.0000714 
.0000608 
.0000618 
.0000428 
.0000344 
.0000271 
.0000207 
.00001521 

J0000106 

(.00000681 


abeetR. 
in lb< per 
■q ft. 


20.21 

18.76 

17.46 

18.17 
15.03 

14.08 

18.09 

12.18 
11.16 
10.19 

9.377 

8.568 

7.760 

7.113 

6.466 

5.820 

6.173 

4.688 

4.203 

8.718 

8.233 

2.910 

2.687 

2.263 

1.940 

1.617 

1.455 

1.293 

1.132 

.9700 


.7275 

.6628 

J>962 

A497 

A012 

.4688 

.4366 

.4042 

.3718 

J)395 

.8072 

.2748 

.2425 

.2102 

.1940 

.1778 

.1617 

J465 

.1298 

.1182 

.0970 

J0608 

Mil 


American W. Ga. 


Diam of 
1 wire, or 
tbiokneHR 
of aheet, 
ina. 


Wtof 
Iron wire, 
in S>R per 
lin ft. 


.460000 

.409642 

.3M79i) 

.324861 

.289297 

.267627 

.229423 

.204307 

.181940 

.162023 

.144286 

.128490 

.114423 

.101897 

.090742 

.080808 

.071962 

.064084 

.057008 

.060821 

.045257 

.040303 

.035890 

.031%! 


.022.’)72 

.020101 


.661 

.445 


.176 

.139 

.111 


.0652 

.0438 

.0347 

.0275 

.0218 

.0173 

.0137 

.0109 


.00543 

.00430 

.00341 

.00271 

.00216 

.00170 

.00135 

.00107 


Wt of 
Iron 
aheeta 
in Iba 
peraqfl 


18.68 
16.68 
14.77 
13.15 
11.70 
10.43 
9.291 
8.278 
7.366 
I 6.561 
5.842 


4.125 

3.674 

3.272 

2.914 

2.595 

2-310 

2.053 

1.682 

1.681 

1.452 

1.293 

1.162 

1.026 


, .017900 
.016941 
.014195 
1 .012641 
.011267 
.010025 
.008928 
1.007960 
.007080 
.006.305 
.005615 
.006000 


.000840 

.000673 

.000634 


.000266 

.000211 

.000167 

.000133 

.000105 

.0000837 

.0000662 


.003965 

.003531 

.003144 


.6000417 

.6000380 

|il000269 


.724 

.644 

A74 

.611 

.455 

.405 

J860 

.321 

A86 

Mi 

A26 

.202 

180 

150 

141 

19 
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WIRE GAUGES. 


Americntt ganf^e for shee/. and plate iron and steel (I89S). We omit 
the columns of weight in kiiognints per square loot and in pounds per square 
mter, uiid simplify the headings <d‘ the remaining columns. 

An Act establishing a standard gauge for sheet ajid plate iron and steel. 

Be it emictfd try the Senate and IIou.se nf iiejiremdatieeA of thr Lmfed .s/utes of 
America in Oontfrfxs a.ssendded. That for the purpose of securing iiniforniity the 
following is > Ktablish« d as the only standuru gauge lor sheet and plate iron and 
steel in the United States of America, namely. 


No. 

1 Approximate thickness | 

1 WeiKht. 

Inches. 

Milliiuetcrs. 

Per Mj foot , 

ounces. 

in nviiirdiipoix 

• iioiinds. 

Per Hq 
meter, in 
kikigramH 

7-0 

1-2 =.5 

12.7 

320 

i 20.00 

97 65 

6-0 

=.40875 

11.90625 

:t00 

1 18.75 

91.55 

5-0 

7-10 =4:175 

11.1125 

280 

1 17.50 

85.44 

4-0 

i:^-32 =.40025 

10.:U875 

260 

16.25 

79 33 

8-0 

:i-8 =.:i7.5 

9.525 

240 

15. 

7.3 24 

2-0 

n-:^2 =.:{4:i75 

8.73125 

220 

! l:i 75 

67 13 

0 

5-16 =.:1125 

7 9375 

200 

12..50 

61 03 

1 

9-:t2 =28125 

7 14375 

180 

11.25 

54 93 

2 

17-04 =.20.-i625 

6.746875 

170 

10 625 

5188 

3 

1-4 =.25 

6.35 

160 

10 

48 82 

4 

15-04 =.2:{4375 

5 953125 

150 

9 :s75 

4.' 77 

5 

7-:{2 =.21875 

655625 

140 

8 75 

42 72 

6 

i:4-04 =.203125 

5.159376 

130 

8.125 

30 67 

7 

:i-16 =.1875 

4.7625 

120 

7.5 

3(. 62 

8 

11-04 --.171875 

4,36.5625 

no 

6.876 

33 57 

9 

5-:{2 =.15625 

3.96875 

100 

5.25 

30.52 

10 

9-64 =.140625 

3.571875 

90 

6.625 

27.46 

11 

1-8 =.125 

8.176 

80 

5. 

24.41 

12 

7-64 =.109375 

2.778125 

70 

4.376 

2136 

13 

3-82 =.09375 

2.38125 

60 

8.75 

18.31 

14 

5-64 =.078125 

1.984375 

50 

3.126 

15 26 

16 

9-128 =.0703125 

1.7859375 

45 

2.8125 

13 73 

16 

1-18 =0625 

1.5875 

40 

2.5 

12.21 

17 

9-100 =.05625 

1.42875 

36 

2.25 

10 99 

18 

1-20 =.06 

1.27 

32 

2. 

9.766 

19 

7-160 =.04375 

1.11125 

28 

1.75 

8.544 

20 

3-80 =.0375 

.9525 

24 

1.50 

7.324 

21 

11-820 =.034375 

.873125 

22 

1375 

6.713 

22 

1-32 =.03125 

.793750 

20 

1 25 

6.103 

28 

9-320 =.028125 

.714375 

18 

1 125 

5.493 

24 

1-40 =.025 

.635 

16 

1. 

4.882 

25 

7-320 = 021875 

.6.55625 

14 

875 

4 272 

26 

3-160 =.01875 

.47625 

12 

.75 

3 662 

27 

11-640 =.0171875 

.4365625 

11 

.6875 

3.357 

28 

1-64 =.015626 

.396875 

10 j 

.625 

i 3a52 

29 

9-640 =.0140625 

.8571875 

9 

.5625 

2.746 

80 

1-80 =.0125 

.3175 

8 

.6 

2.441 

81 

7-640 =.0109.375 

.277812.5 

7 

.4375 

2.136 

32 

13-1280=.O1015625 

.25796875 

6i 

.40625 

1.983 

83 

3-320 =.009375 

.238125 

6 

.376 

1.8.11 

84 

11-1280=. 008.59375 

.21828125 

6i 

.34375 

1.678 

H5 

5-640 =.0078125 

,1984375 

5 

.3125 

1.526 

36 

9-1280=.0070:3l25 

.178.59375 


.28125 

1 373 

87 

17-2560=.00G640625 

.168671875 


.2t;.'>625 

1.297 

88 

1-160 =.00625 

.15875 

4 

25 

1.221 


And on and after July first, eighteen hundred and ninety-three, the same and 
no other shall be used in determining duties and taxes levied by the United 
States of America on sheet an<i plate iron and steel. But tiiis act shall not be 
construed to increase ditties upon any articles wbloh may lie imported. 

SiEC. 2. That the Secretary of the 'IVeasury is authorized and required topre* 
pare suitable standards in accordance iierewith. 

SBC. 8. That in the practical use and applioation of the standard gauge hereby 
established a variation of two and hne-half per cenu either way may be ailowedi 
\pproved March 3, iSfiS. 



CIKCTTLAR MEASFRE. 
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€lli€Ul4AK MEA^llIRE. 

Used in comparing crosh sections of wues, etc. 

A circular unit is thi^ area of a circle whose diameter is one linear unit 
Thus, a circular inch is the area {— 0/8.14 square inch) of a circle whose 
diameter is one inch. 

The lollowmg table is adapted, by perinmion, from Air. Carl Heriiig’s valu- 
able Tables of liquivaleuts ol Units of Aleasiireiiient, Kew York, 1888. Inas- 
much as we take 1 meter — :i0;{7 inches, instead of :ia.87U7‘J inches, our valuer 
diller slightly Irom his. 


LoKiirithni. 

1 O mil * =- O.Ta-idO □ mil * 1 895 0899 

^ 0,000(;4516 O millimeter 4.S09 6692 

= 0.000,10671 □ millimeter 4 701 7591 

1 □ mil -* = 1.27a2 O mils ‘ 11-104 9101 

0.00082141 O millimeter 4.914 5793 

1 O millimeter = 1,1,10.0 O mils* H.190 3.‘508 

-- 1217.4 □ mils* 3.08.1 1207 

— 0.78510 □ millimeter 1.89.1 0899 

1 □ millimeter - 197.2..! Q mils * 3.295 2409 

1. 27 .)2 O millimeters 0.104 9101 


EDIHO^ NTA?ri>ARD WIRE OAEGE. 

Adopted by the Associated Edison Illuminating Companies. 

In this table the gauge number is approximately equal to 
xjhsis X area of cross section in circular mils* 

— X square of diameter in mils * 


No. 

Diameter, 
in mils. 

No. 

Diameter, 
in mils. 

No. 

Diameter, 
in mils. 

3 

.54,78 

65 

254 96 

160 

400.00 

5 

1 70.72 

70 

264.58 

370 

412.32 

8 

! 89.4.) 

75 

273.87 

180 

424.27 

12 

in9..5.1 

80 

282.85 

190 

4,35.89 

15 

122.48 

85 

291.55 

200 

447.22 

20 

141.4,3 

90 

.300.00 

220 I 

469.05 

25 

158.12 

95 

308.23 

240 

489.90 

30 

17.3.21 

100 

316.23 

260 

509.91 

35 

187.09 

110 

331.67 

280 

529.16 

40 

200.00 

120 

346.42 

300 

547.73 

45 

212.14 

1.30 

360.56 

.320 

6fK5.69 

50 

223.61 

140 

374.17 

840 

683.10 

66 

60 

234 53 
244.95 

150 

387.30 

1 360 

600.00 


• 1 mil XnVlI 


79 
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imtE QATTOBS. 


Ko trade Htnpidity is more thoroughly soDRelesg than the adherence ti 
the various Birmitigham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, £c, by the parts of an inch; as has long 
been suggested. Thus, No. or No. ^ wire, or sheet-metal of any kind, shonld 
he understood to mean or ^ of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No. to dilfereut thicknesses of different metals, in dif- 
|»rent towns, it is best to ignore them all ; and in giving orders, to define the diam* 
Iter of wire, and the thickness of sheet-metal, by parts of an inch. Or the weight 

E r hundred ft for wire ; or per sq ft for sheets, may be employed. We believe that 
e/oregoing Birmingham gauge applies to line, copper, brass, and lead; although 
It is generally stated to be for iron and steel only. Another Birmingham gauge is 
used for sheet-brass, gold, silver, and some other metals; bijt we have never seen it 
stated whut those others are. There are different gauges even for wire to be used 
for different purposes ; and various firms have gauges of their own ; not even accord- 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term by 

itesl/ means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge of the preceding tabU*. 

Birmingham saiige for sheet Brass, Silver, Gold, and all metah 

except iron and steel I 


No. 

ThiokD's. 

No. 

Thiokn a. 

No. 

Tblckn'a. 

No 

?biokn’a 

No. 

Thlckn-a. 

No. 

Thtokn-S. 


Itioh 


Inch 


Inch 


Isob 


Inch 


Inoh 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

81 

.13S 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

82 

.143 

8 

.008 

9 

.019 

15 

.047 

21 

.072 

27 

.113 

83 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

84 

.148 

6 

.012 

11 

.029 

17 

.067 

23 ! 

.077 

29 

.12 1 

35 

.158 

6 

.018 

12 

.034 

18 

.061 

JU 

.082 

80 

.126 

36 

.167 


The mills rolling; sheet iron in the United States generally 
use the lollowing, which varies slightly front the Birmingham gauge ; 


No. 

1 

lbs per 
sq ft 

12 60 

No. 

8 

llts per 
so ft 1 
6.^ 

No. 

15 

lbs per 
sq ft 
2.81 

No. 

22 

lbs per 
sq ft 
1.25 

2 

12.00 i 

9 

6.24 

16 

2.50 

23 

1.12 

8 

11.00 1 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

5 

8.75 

12 

4.38 

19 

1.70 

1 26 

.80 

6 

8.12 

13 

8.76 

20 

1.54 

27 

.72 

7 

7..50 

14 

8.12 

21 

1.40 

1 28 

.64 


‘When wire, ■heet-mctal, at>c., are orderea t>y gauge number, and it it 
•otipecified what gauge it intended; dealeis in the United States fill the order at 
Ibllows: 

Brass, bronse or German Silver in sheets, German Silver wire, brazed brass, bronze^ 
dno or copper tubing, by Brown & Sharpest (or ** American ") gauge. 

Copper in sheets ; brass and C(^r wire ; seamless brass, bronze or copper tubing; 
tad brass rou ; by Stabs’ (or Birmingham) gauge. 


Unwnealed or hard hraas wire has about %tbB the strengths of the table 
p. 1178, and aliout % more weight. If annealed, only full half the streugth. 

Hard copper wire may be taken at % of the tabular strengths, and full 
V<r more weight. ® ’ 



IRON WIRE. 
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Table of Charcoal Iron Wire made by Trenton Iron Co., 

f reuton, N. J. The numbers in the first column are those of the Trenton Iron 
Co's §raa§re. The corresponding diameters in the second column will be seen to 
be somewhat less than those of the Birmingham gauge. 


Ko. 

Diam. 

ins. 

Lineal 
feet to the 
Pound. 

Tensile 

Str'gth 

Approx 

ibs. 

No. 

Diam. 

ins. 

Lineal 
feet tc the 
Pound. 

Tensile 

Str'gth 

Approx 

No. 

Diam. 

ins. 

Lineal 
feet to ths 
Ponnd. 

00000 

.450 

1.863 

12598 

11 

.1175 

27.340 

1010 

26 

.018 

1164.689 

0000 

.400 

2.358 

9955 

12 

105 

34.219 

810 

27 

.017 

1305.670 

000 

.360 

2.911 

8124 

13 

.0925 

44.092 

631 

28 

.016 

1476.869 

00 

.3.30 

8.465 

6880 

14 

.080 

68.916 

474 

29 

.015 

1676.988 

0 

.305 

4.057 

5926 

15 

.070 

76.984 

872 

30 

.014 

1925.821 

1 

.286 

4.645 

5226 

16 

.061 

101.488 

292 

81 

.018 

2282.668 

2 

.265 

5.374 

4570 

17 

.0525 

137.174 

222 

32 

.012 

2620,607 

s 

.245 

6.286 

3948 

18 

.045 

186.335 

169' 

38 

.011 

8119.082 

4 

.225 

7.454 

3:374 

19 

.040 

2:35.084 

187 

84 

.010 

3778.584 

6 

.205 

8.976 

2839 

20 

.035 

308.079 

107 

35 

.0095 

4182.608 

6 

.190 

10.45.3 

2476 

21 

.031 

392.772 


36 

.009 

4667.728 

7; 

.175 

12.322 

2 i :36 

22 

.028 

481.234 


37 

.0085 

5222.035 

8 

.160 

14.736 

1813 

23 

.025 

603 8613 


38 

.008 

5896.147 

9 

.145 

17.950 

1.507 

24 

.0226 

745.710 


.39 

.0075 

6724.291 

10 

.130 

22.833 1 

1233 

25 

.020 

948.896 


40 

.007 

7698.268 


The wire In this table is supposed to be hard, bright, or unannealed 
The figures in the column of tensile strength are based upon tests made with good 
charcoal iron wire from Trenton blooms. 

The tensile strength of wire made of is about 

Good refined iron 16 per cent, less 

Swedish charcoal iron 10 “ “ 

Mild Bessemer steel 10 “ more 

Ordinary crucible steel 26 “ 

Special crucible steel .30 to 120 “ “ J 


titan that of 
bright charcoal 
wire, given in 
the above table. 


Annealing renders wire more pliable and ductile, but less elastic ; and reduces the 
tensile strength by from 20 to 25 per cent 


To find approximately the number of atraiirht wires that 
can be irot Into a cable of griven diameter. 

Divide the diameter of the cable in inches, by the diameter of a wire in inches. 
Square the quotient. Multiply said square bv the decimal .77. The result will be 
correct within about 4 or 5 per cent at most, in a cylindrical cable. 

Tbe solidity, or metal area of all the wires in a cable, will be 
to the area of the cable Itself, about as 1 to 1.3. In other words, tbe area of the 
voids is nearly % that of the cable; while that of the wires Is fully % that of the 
caiile. All approximate. 
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imtE QATTOBS. 


Ko trade Htnpidity is more thoroughly soDRelesg than the adherence ti 
the various Birmitigham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, £c, by the parts of an inch; as has long 
been suggested. Thus, No. or No. ^ wire, or sheet-metal of any kind, shonld 
he understood to mean or ^ of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No. to dilfereut thicknesses of different metals, in dif- 
|»rent towns, it is best to ignore them all ; and in giving orders, to define the diam* 
Iter of wire, and the thickness of sheet-metal, by parts of an inch. Or the weight 

E r hundred ft for wire ; or per sq ft for sheets, may be employed. We believe that 
e/oregoing Birmingham gauge applies to line, copper, brass, and lead; although 
It is generally stated to be for iron and steel only. Another Birmingham gauge is 
used for sheet-brass, gold, silver, and some other metals; bijt we have never seen it 
stated whut those others are. There are different gauges even for wire to be used 
for different purposes ; and various firms have gauges of their own ; not even accord- 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term by 

itesl/ means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge of the preceding tabU*. 

Birmingham saiige for sheet Brass, Silver, Gold, and all metah 

except iron and steel I 


No. 

ThiokD's. 

No. 

Thiokn a. 

No. 

Tblckn'a. 

No 

?biokn’a 

No. 

Thlckn-a. 

No. 

Thtokn-S. 


Itioh 


Inch 


Inch 


Isob 


Inch 


Inoh 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

81 

.13S 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

82 

.143 

8 

.008 

9 

.019 

15 

.047 

21 

.072 

27 

.113 

83 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

84 

.148 

6 

.012 

11 

.029 

17 

.067 

23 ! 

.077 

29 

.12 1 

35 

.158 

6 

.018 

12 

.034 

18 

.061 

JU 

.082 

80 

.126 

36 

.167 


The mills rolling; sheet iron in the United States generally 
use the lollowing, which varies slightly front the Birmingham gauge ; 


No. 

1 

lbs per 
sq ft 

12 60 

No. 

8 

llts per 
so ft 1 
6.^ 

No. 

15 

lbs per 
sq ft 
2.81 

No. 

22 

lbs per 
sq ft 
1.25 

2 

12.00 i 

9 

6.24 

16 

2.50 

23 

1.12 

8 

11.00 1 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

5 

8.75 

12 

4.38 

19 

1.70 

1 26 

.80 

6 

8.12 

13 

8.76 

20 

1.54 

27 

.72 

7 

7..50 

14 

8.12 

21 

1.40 

1 28 

.64 


‘When wire, ■heet-mctal, at>c., are orderea t>y gauge number, and it it 
•otipecified what gauge it intended; dealeis in the United States fill the order at 
Ibllows: 

Brass, bronse or German Silver in sheets, German Silver wire, brazed brass, bronze^ 
dno or copper tubing, by Brown & Sharpest (or ** American ") gauge. 

Copper in sheets ; brass and C(^r wire ; seamless brass, bronze or copper tubing; 
tad brass rou ; by Stabs’ (or Birmingham) gauge. 


Unwnealed or hard hraas wire has about %tbB the strengths of the table 
p. 1178, and aliout % more weight. If annealed, only full half the streugth. 

Hard copper wire may be taken at % of the tabular strengths, and full 
V<r more weight. ® ’ 



I-BEAMS. 
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I-BEAMS. 



'rhe table grives the tnaximum 

and tbeiaiuiinum weight of each section. 
The tniinnuim weights are standard. 
Others are special. 


Caution.— With very short spans, 
the loads found by means of columns 
Cg and Cm, although safe against lend- 
tvq^ may 1)6 so great as to endanger a 
crushnuf of the ends of the beam, or of 
the wails, etc., under them, unless the 
beam has, at its ends, a gi eater length of 
hearing tiian would otherwise Ihj needed. 




R 

r 

X 


®in 

1> 

Section 



ins. 

ins. 


Ihs. 

ttis. 

ins. 

index. 

2380 3 

48 50 

9.00 

1.28 

198 4 

2,115,800 

1,653,000 

17.82 

li 1 

2087.9 

42.86 

9.46 

1.36 

174.0 

1,855,900 

1,449,900 

18 72 

“ 

lfMr).8 

52.G5 

7.50 

i.:i4 

165 6 

1,766,100 

1,379,800 

14.76 

B 2 

146G 0 

45.81 

7.86 

1 39 

146.7 

1,564,300 

1,222,100 

15.47 

“ 

12f.8 9 

30.25 

7 58 

1 17 

126.9 

l,3r):{,5()0 

1,057,400 

14 98 

B S 

ll()9.G 

27.86 

7 83 

1.21 

117.0 

1,247,600 

974,700 

J6.47 


921.3 

24 62 

C.G9 

1.09 

102 4 

1,091,900 

8.53,000 

13.20 

B80 

795.6 

21 19 

7.07 

1.15 

88.4 

94.1,000 

736,700 

13.95 


900 5 

50 98 

.5 . 5:1 

1.31 

120.1 

1,280.700 

1,000,600 

10.75 

B 4 

795 5 

41.76 

5.78 

1.32 

106.1 

1,131,300 

883,900 

11.2.5 

“ 

691.2 

30 G8 

5. GO 

1.18 

92.2 

983,000 

768.000 

10 95 

B 5 

609.0 

25.96 

6.87 

1.21 

81.2 

866,100 

676,600 

11.49 


511 0 

17 06 

5 G2 

1 02 

68.1 

726,800 

667,800 

11.05 

B 7 

441.7 

1162 

5.95 

1 08 

58.9 

628,300 

490,800 

11 70 


321.0 

17 46 

4.45 

1.04 

53 5 

670 600 

445.800 

8 65 

B 8 

268.9 

13.81 1 

4 77 

1.08 

44 8 

478,100 

373,500 

9.29 


228 3 

10 07 

4.71 

0 99 

38 0 

405 800 

317,000 

9,21 

B 9 

215.8 

9 50 

4.83 

1 01 

36.0 

383,700 

299,700 

9.45 


158.7 

9 50 

3 67 

090 

31.7 

3.33,500 

264,-500 

7.12 

Bll 

122.1 

0.89 

4.07 

0 97 

244 

260,500 

203,600 

7.91 


111 8 

7.31 

3.29 

0.84 

24.8 

266,000 

207,000 

6.36 

B13 

84.9 

6 16 

3.07 

0.90 

18.9 

201.300 

157,300 

7.12 


68.4 ! 

4.75 

3.02 

0.80 

17.1 

182 500 

142,600 

5.82 

BIO 

56.9 

3.78 

3.27 

0.84 

14.2 

151 700 

118,500 

6.32 


42 2 

3.24 

2.68 

0 74 

12.1 

128 600 

100,400 

5.1.5 

B17 

36.2 

2.67 

2.86 

0.78 

10.4 

110;400 

86,300 

6.50 


26.2 

2.36 

2.27 

0.68 

8.7 

9.3,100 

72.800 

483 

B19 

21.8 

1.85 

2.46 

0.72 

7.3 

77,600 j 

60,600 

4.70 


15.2 

1.70 

1.87 

0 63 

6.1 

64,600 

50,500 


B21 

12.1 

1.23 

2.05 

0.65 

4.8 

61,600 1 

40,300 



7.1 

1.01 

1.52 

0.57 

3.6 

88,100 

29,800 


B23 

6.0 

0.77 

1.64 

0.59 

8.0 

81,800 

24,900 


“ 

2.9 

060 

1.15 

0.52 

1.9 

20,700 

16,200 


B77 

2.5 

0.46 

1.23 

0.53 

1.7 

17,600 ' 

18,800 
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imtE QATTOBS. 


Ko trade Htnpidity is more thoroughly soDRelesg than the adherence ti 
the various Birmitigham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, £c, by the parts of an inch; as has long 
been suggested. Thus, No. or No. ^ wire, or sheet-metal of any kind, shonld 
he understood to mean or ^ of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No. to dilfereut thicknesses of different metals, in dif- 
|»rent towns, it is best to ignore them all ; and in giving orders, to define the diam* 
Iter of wire, and the thickness of sheet-metal, by parts of an inch. Or the weight 

E r hundred ft for wire ; or per sq ft for sheets, may be employed. We believe that 
e/oregoing Birmingham gauge applies to line, copper, brass, and lead; although 
It is generally stated to be for iron and steel only. Another Birmingham gauge is 
used for sheet-brass, gold, silver, and some other metals; bijt we have never seen it 
stated whut those others are. There are different gauges even for wire to be used 
for different purposes ; and various firms have gauges of their own ; not even accord- 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term by 

itesl/ means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge of the preceding tabU*. 

Birmingham saiige for sheet Brass, Silver, Gold, and all metah 

except iron and steel I 


No. 

ThiokD's. 

No. 

Thiokn a. 

No. 

Tblckn'a. 

No 

?biokn’a 

No. 

Thlckn-a. 

No. 

Thtokn-S. 


Itioh 


Inch 


Inch 


Isob 


Inch 


Inoh 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

81 

.13S 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

82 

.143 

8 

.008 

9 

.019 

15 

.047 

21 

.072 

27 

.113 

83 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

84 

.148 

6 

.012 

11 

.029 

17 

.067 

23 ! 

.077 

29 

.12 1 

35 

.158 

6 

.018 

12 

.034 

18 

.061 

JU 

.082 

80 

.126 

36 

.167 


The mills rolling; sheet iron in the United States generally 
use the lollowing, which varies slightly front the Birmingham gauge ; 


No. 

1 

lbs per 
sq ft 

12 60 

No. 

8 

llts per 
so ft 1 
6.^ 

No. 

15 

lbs per 
sq ft 
2.81 

No. 

22 

lbs per 
sq ft 
1.25 

2 

12.00 i 

9 

6.24 

16 

2.50 

23 

1.12 

8 

11.00 1 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

5 

8.75 

12 

4.38 

19 

1.70 

1 26 

.80 

6 

8.12 

13 

8.76 

20 

1.54 

27 

.72 

7 

7..50 

14 

8.12 

21 

1.40 

1 28 

.64 


‘When wire, ■heet-mctal, at>c., are orderea t>y gauge number, and it it 
•otipecified what gauge it intended; dealeis in the United States fill the order at 
Ibllows: 

Brass, bronse or German Silver in sheets, German Silver wire, brazed brass, bronze^ 
dno or copper tubing, by Brown & Sharpest (or ** American ") gauge. 

Copper in sheets ; brass and C(^r wire ; seamless brass, bronze or copper tubing; 
tad brass rou ; by Stabs’ (or Birmingham) gauge. 


Unwnealed or hard hraas wire has about %tbB the strengths of the table 
p. 1178, and aliout % more weight. If annealed, only full half the streugth. 

Hard copper wire may be taken at % of the tabular strengths, and full 
V<r more weight. ® ’ 



CHANKELB. 
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MANmiS. 



The fable gives the maximun 

andtfaeminimun) n elghtof each section 
The miuluiiim weights are standard 
Others are speciul. 


Cantion.— With very short spans, 
the loads found by means of columns 
Cg and Cm, although safe against bend" 
inff, may he so gieat as to endanger a 
crushinff of the ends of the beam, or of 
the walls, etc., under them, unless the 
beam has. at its ends, a greater length of 
bearing than would otherwise be n^ed. 


1 

1 

R 

ins. 

r 

ins. 

X 

Cs 

fts. i 

lbs. 

1 

D 

ins. 

Section 

indeau 

430.2 

12.19 

6.16 

0.868 

67.4 

611,900 

478,000 

8.68 

C 1 

312.6 

8.23 

6.62 

0.912 

41.7 

444,500 

347,300 

9.50 

II 

197.0 

6.63 

4.09 

0.751 

82.8 

350,200 

273,600 

6.60 

C 2 

128.1 

3.91 

4.61 

0.8U5 

21.4 

227,800 

178,000 

7.67 

11 

116.5 

4.66 

3.35 

0.672 

23.1 

246,400 

192,500 

6.17 

C 8 

66.9 

2.80 

3.87 

0.718 

13.4 

142,700 

111,500 

6.83 


70.7 

2.98 

3.10 

0.637 

15 7 

167,600 

1 130,900 

4.84 

C 4 

47.3 

1.77 

3.49 

0.674 

10.6 

112,200 

1 87,600 

5.63 


47.8 

2.25 ' 

2.77 

0.600 

11.9 

127,400 

99,600 

4.23 

G 5 

32.3 

1.33 

3.11 

0.63O 

8.1 

80,100 

67,800 

4.94 

“ 

33.2 

1.85 

2 39 

0 565 

9.5 

101,100 

79,000 

3.48 

C 6 

21.1 

0.98 

2.72 

0 586 

6.0 

66,800 

62,200 

4.22 

II 

19.^ 

1.28 

2.07 

0.529 

6.5 

69,500 

54,300 

2.91 

C 7 

13.0 

0.70 

2.34 

0.542 

4.3 

46,200 

36,100 

8.52 

“ 

10.4 

0.82 

1.75 

0.493 

4.2 

44,400 

34,700 

2.84 

C 8 

7.4 

0.48 

1.95 

0.498 

8.0 

31,600 

24,700 

2.79 

“ 

4.6 

0.44 

1.46 

i 0.465 

2.3 

24,400 

19,000 

1.85 

C 9 

3.8 

0.32 

1 1.66 

j 0.453 

1.9 

20,200 

16,800 

2.06 

“ 

2.1 

0.31 

i lv08 

0.421 

1.4 

14,700 

11,600 

1.07 

C72 

1.6 

0.20 

1.17 

1 0.409 

1.1 

11,600 

9,100 

1.31 

“ 


The weight of a 4-inch arch, with its concrete Ailing and wooden Aooring, bat 
sxclusive of the beams, is alsjut 70 lbs. per souare foot of Aoor, 

A dense crowd of persons will hardly weigh more than 80 lbs. per square foot, 



Each center, (?, has fastened to it at each end a bent iron strap, h. forming a 

look by which the center is suspended from the lower flanges of the beams. 


t2 
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ANGLES AND T SHAPES. 


CARNEGIE ANGLES 

d == distance between center of gravity and back of flange W 
■ “ “ “ “ “ “ “ “ H 

1, i — moment of inertia: 1, about XY: i, about A B 

12 M 

X, X ^ least “ section modulus”; X, “ “ x, ” ” =» -g-t 

R, R' - radius of gyration ; R, “ “ R', “ “ 

r -- least radius of gyration, about neutral axis forming acute angle 0 
with each flange. In angles with equal legs, a = 45° 


C = coeflScient for uniformly distributed safe load : 'J 

(!^ for static loads; fibre stress— 16,000 fl'>s. V For T shapes only, 

for moving toads; fibre stress — 12,000 ^>b j 



Size 

Thick- 

Weight 

Area of 

d 

A 



index. 

H VV 

nesss 

per ft 

section 

ins. 

ins. 

I 

i 

1 

ins. ins. 

ins. 

tbh. 

sq ins. 


1 




AngfleA with Eneqaal Legpi. 


•A 150 

1 7 

X 33/$ 

1 

32.3 

9.50 

2.71 

0 96 

45.37 

7.53 

•AIR 

7 

X334 

^8 

15.0 

4 40 

2.50 

0.75 

22.56 

3.95 

A 89 

I 

x 4 

I 1 

30 6 

9.00 

2 17 

1.17 

30 75 

10.75 

A 168 

6 

x 4 

% 

12.3 

3.61 

1.94 

0.94 

13.47 

4.90 

A 92 

6 

X33$ 

1 

28 9 

8 50 

2 26 

1.01 

29.24 

7.21 

A 177 

6 

X33| 

% 

11 7 

3.42 

2.04 

0.79 

12 86 

3.34 

•A 178 

5 

X 4 

% 

24 2 

711 

1.71 

1.21 

16 42 

9.23 

•A 186 


X 4 


11.0 

3.23 

1.53 

1.03 

8.14 

4.67 

A 187 

5 

X 334 

% 

22.7 

6.67 

1.79 

1.04 

15.67 

6 21 

A 96 

5 

X '<i% 

h 

8.7 

2.56 

1.59 

0.84 

6 60 

2.72 

A 196 

5 

X3 

11 

19.9 

5 81 

1 86 

0 86 

13.98 

3 71 

A 280 

5 

X 3 


8.2 

2.40 

1.68 

0.68 

6.26 

1 1.75 

•A 204 1 


X3 

n 

18 5 

5 43 

1.65 

0 90 

10.33 

3.60 

•A 97 


X3 

'h 

7.7 

2 25 

1.47 

0.72 

4.69 

1.73 

♦A 212 1 

4 

X3K 

X33|l 


18 5 

6.43 

1.36 

1.11 

7.77 

5 49 

•A 98 

4 

A 

7.7 

2.25 

1.18 

0.93 

3.56 

* 2.59 

A 220 

4 

X3 

13 

171 

5.03 

1.44 

0.94 

7.34 

3.47 

A 228 

4 

X3 

18 

7.1 

2.09 

1.26 

0.76 

3.38 

1.65 

A 229 

31% X 3 

13 

15 7 

4.62 

1 23 

0.98 

4.98 

8.33 

A 237 


X3 

A 

6.6 1 

1.93 

1.06 

0.81 

2.83 

1.58 

A 238 
A 245 

mfi 

II 

12 4 ’ 
4.9 j 

3.65 

1.44 

1 27 
1.11 

0 77 
0.61 

413 

1.80 

1.72 

0.78 

•A 246 

334 x 2 

834 x 2 

A 

90 ! 

2.64 

1.21 

0 59 

2.64 

0.75 

•A 251 

k 

4.3 

1.25 

1.09 

0.48 

1.36 

0.40 

A 252 

8 

XX 

A 

9.5 

2.78 

1.02 

0.77 

2 28 

1.42 

A 257 

3 

k 

4.5 

1.31 

0.91 

0.66 

1.17 

• 0.74 

•A 258 

3 

X2 

% 

7.7 

2.25 j 

1.08 

0.58 

1.92 

0.67 

•A 262 

3 

XU 

k 

4.0 

1.19 

0.99 

0.49 

1.09 

0.39 

A 264 1 

ill 

X2 


6.8 

2.00 

0.88 

0.63 

1.14 

0.64 

A 269 

X2 


2.8 

0.81 

0.76 

0.51 

0.51 

0.29 

•A 270 

2>% 

XIK 


5.5 

1.63 

0 86 

0.4S 

0.82 

0.26 

•A 275 

234 x 1 ^ 

2.3 

0.67 

0.75 

0.37 

0.34 

0.12 

•A 276 

2 



2.7 

0.78 

0 69 

0.37 

0.37 

0.12 

•A 277 

2 

XlVs 

2.1 

0.60 

0.66 

0.35 

0.24 

0.09 

•A 278 


XI 1 


1.8 

0.53 

0.48 

0.29 

0.09 

0.04 

•A279 

1% 

XI 


1.0 

0.28 

! 0.44 

0.26 

0.05 

0.02 


*Speciai sections, ^ S see p. 1174 or p. 1176, 
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* Special BectioDSi 



U80 


A50LS8 Am T BBAPtS, 


cAnnmtE Axoum 


d 

B 

1,1 
X, X 
Il,R' 


distance between center of gt»rHy and back of flange 


W 

H 


moment of inertia; I, about XY ; 1, about A B 

least “section modulus”; X, “ “ x, “ ” 


S T 


radius of gyration ; R, ” “ R% ” “ 

least radius of gyration, about neutral axis forming acute angle a 
with each flange. In angles with equal legs, a = 45^ 


C ooeiBcient for uniformly distributed safe load : 'I 

C,, for static loads ; fibre stress ~ 16,000 ft>8. * >For T shapes only. 
0,jj, for moving loads; fibre stress = 12,000 lbs.) 



Size 

Thick- 

Weight 

Area of 

1 

d i 

m 



index. 

H W 
ins. ins. 

nesss 

ins. 

per ft 
lbs. 

section { 
sq ins. 

ins. 

ins. 

I 

i 


Angrles with Equal liegB, 


A 113 

8 X8 


66.9 

16.73 

2.41 


97.97 

A 103 

8 X 8 

k 

26.4 

7.76 

2.19 


48.63 

A 86 

6 X6 

1 

37.4 

11.00 

1.86 


86.46 

A 88 

6 X 6 

% 

14.8 

4.36 

1.64 


15..39 

•A 94 

5 X5 

1 

30.6 

900 

1.61 


19.64 

•A 17 

5 X5 

% 

12.3 

8.61 

1.89 


8.74 

A 18 

4 X 4 

n 

19.9 

5.84 

1.29 


8.14 

A 90 

4 X4 

A 

8.2 

2.40 

1.12 


3.71 

A 26 

8KX8J^ 

H 

17.1 

6.03 

1.17 


5.25 

A 99 



7.1 

209 

0.99 


2.45 

A 84 

8 X3 


11.4 

8.36 

0.98 


2.62 

A 40 

8 X8 


4.9 

1.44 

0.84 


1.24 

•A 41 



8.5 

2.50 

0.87 


1.67 

•A 45 

2^X2^ 

M 

4.5 

1.81 

0.78 


0 93 

A 46 

2>?X2^ 


7.7 

2.25 

0.81 


1.23 

A 100 

2>? X 2^ 

A 

8.1 

0.90 

0 69 


0.55 

•A 61 

2^X2^ 

% 

6.8 

2.00 

0 74 


0.87 

•A 101 

2^X2^ 

A 

2.8 

0.81 

0.63 


0.39 

A 66 

2 X2 

A 

6.8 

1.56 

0.66 


0.54 

A 60 

2 X2 

A 

2.5 

0.72 

0.67 


0.28 

A 61 


A 

4.6 

1.80 

0.59 


0.35 

A 65 

1^X1^ 


2.1 

0.62 

0.51 


0.18 

A 66 


k 

8.4 

0.99 

0.61 


0.19 

A 102 

l^XlH 

% 

1.2 

0.36 

0.42 


0.08 

▲ 70 


A 

2.4 

0.69 

0.42 


0.09 

A 73 

i>|xi3 

s 

1.0 

0.30 

0.85 


0.044 

A 78 

1 X 1 

li 

1.5 

0.44 

0.84 

0.037 

A 80 

1 X 1 

% 

08 

0.24 

0.30 

0.022 

•A 81 

^x Ve 

A 

1.0 

0.29 

0.29 

0.019 

A 82 

VaX Vt 

Va 

0.7 

0.21 

0.26 

0.014 

A 83 

%X % 

A 

0.8 

a25 

0.26 

0.012 

A 84 

%X Pi 

[ Va 

0.6 

0.17 

0.28 

0.009 


T Shapea, 


T50 

5 X 3 


13.6 

8.99 

0.75 


2.6 

5.6 

T67 

4 X 5 


16.6 

456 

1.66 


10.7 

2.8 

T6i 1 

4 X 8 


9.8 1 

2.78 

0.78 ' 


2.0 

2.1 

T 8 

8!.^ V S'X 


11.7 

3.45 

1.06 


8.7 

1.89 

T72 

8 X 4 


11.8 

8.48 

1.32 


5.2 

1.21 

T77 

3 X 8>i 


8.6 

2.49 

1.09 


2.9 

0.98 

T82 

2/4 X 8 


7.2 

2.10 

0.97 


1.8 

0.54 

T12 

2^4 y 2^ 


4.9 

1.44 

0.69 


0.66 

0.88 

Tl« 

mm 


8.1 

0.90 

0.64 



0.28 

0.18 


•Special sections. fFor H and S see p. 1174 or p. 1176. 
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AKOLES AND T SHAPEB. 


AVB T SHAPES.-Coiitlnaed. 



X 


X 

R 

R' 

1 

r j 

Cs 



Section 

Index. 


Maximum and Minimum Weight of each Section. 


i7.r»3 ' 


2.42 1 


1.55 

1 

A 113 

8.37 1 


. 2.50 1 


1.68 


A 103 

8.57 


1.80 


1.16 

1 

A 86 

^53 


1.88 


1.19 

1 

A 88 

5.80 


1.48 ' 


0.96 


A 94* 

242 


1.56 


0.99 



A 17* 

3.01 


1,18 


0.77 


i 

A 18 

1.29 


i.24 


6.79 


A 90 

2.25 


1.02 


0.67 

1 

A 26 

0 98 


1.08 


0 69 

1 

A 99 

1.30 


0.88 


0.67 

1 

A 34 

0 58 


0 93 


0.69 

i 

A 40 

0.89 


6.82 


6.52 


A 41 ♦ 

0.48 


6.85 


0.55 

1 

A 4.5* 

0 73 


0.74 


0.47 

1 

A 46 

0.30 


0.78 


0.49 

1 

A 100 

0.58 


0.66 


0.43 


A 61* 

0.24 


0.70 


0.44 

1 

A 101* 

0.40 


0.59 


0..39 

! 

A 56 

0.19 1 



0.62 


0.40 


A 60 

0.80 


0.61 


0.33 


A 61 

0.14 


0.54 


0.35 


A 65 

0.19 


0.44 


0.29 


1 ... 

A 66 

0 070 


0.46 


0.80 

1 

1 " 

A 102 

0.109 


0.36 


0 23 


1 

A 70 

0.049 


0.38 


0.25 

1 

[.. * ' 

A 78 

0.056 


029 


0.19 

1 

i 

A 78 

0.0:11 


0.31 


0.20 



A 80 

0.033 


0,26 


0,18 



A 81* 

0.023 


0.26 


0.19 



A 82* 

0.024 


0.22 


0.16 



A 88 

0.017 


0,23 


0.17 



A 84 






Selected Sections. 


1.18 

2.22 

7 

0.82 

1.19 


12,550 

9,410 

T50 

8.10 

1.41 

1.54 

0.79 



88,070 

24,800 

T57 

0.88 

1.05 

0.86 

0.88 


9,480 

7,070 

T61 

1.62 

1.08 

1.04 

0.74 


16,210 

12,160 

T 8 

1.94 

0.81 

1.23 

0.59 


20,650 

15,480 

T72 

1.21 

0.62 

1.09 

0.61 


12,910 

9,680 

T77 

0.87 

0.43 

0.92 

0.51 1 


9,280 

6,960 

T82 

0.42 

0.80 

1 0.68 

0.48 


4,480 

8,860 

T12 

aio 

0.14 

I 0.51 

0.87 


2,050 

1,540 

Tie 


* Special sections. 




Section Index. 


182 SEPARATORS FOR I BEAMS. 

CARNEGIE STANDARD CAST IRON SEPARATORS FOB 
I BEAMS. 



Separators for 18", 20" and 24" beams are made of metal 
“ “ 6" to 15" beams are made of metal. 

“ “ 5" beams and under are made of metal. 


Design AT roN 

OF Beam. 

Distances. I 
1 

Bolts. 

Weights, 

Section Index. 

Depth. 

Weight. 

Out to out of 
flanges of beams. 

1 ^ 

s 

Size. 

Distance 
center to center. 

Length. 

Bolts and Nuts. 

Increase in weight of sepa- 
rator bolts for 1 inch 
additional spread of beams. 

Separator. 

Increase in weight of sepa- 
rator for 1 inch 
additional spread of beams. 

1 Ins. 1 Lbs. 

1 Ins. 

Ins. 

|i„. 

1 'Ins. 

1 Ins. 

1 Lbs. 

1 Lbs. 

1 Ll)s 

1 Lbs. 


Separators with Two Bolts. 


Increase in weight of sepa- 
rator for 1 inch 
additional spread of beams. 





I8»tiicli colnmna. i lO.jpcli columna. | 8-lncli columns^. i 6-incli columns. 


Z-BAK COLUMNS. 
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CARNEGIE STEEE Z-BAR COLUMNS. 
Table of dimenHions, in inches. 



For area of section, 
weight per yard, Jeast 
radius ot gyration and 
safe load, see tables, pp. 
1184 and 1185. 


Thickness 






See figure above. 





of 

Metul. 



B 


0 

D 

E 

F 

1 

3 

1 ^ 



i 


3| 

6A 

21 

2^ 

If 

2}} 

8 

f 

3 



:i-2| 


5A 

2} 

21 

n 

2, 


8 

1 

3 


1 

(12 

S 

T4 

3A 

6t\ 

2} 

2jf 

If 

2 

i 

8 


3 


A 


3jjr 

6A 

21 

24 

If 



8 

1 

3j 



12 


5A 

2} 

n 

i| 

2^ 

} 

8 

3 


A 

|l2iV 

3H 

5A 

2} 

2} 

If 

2^ 

• 

7} 

3i 


i 


41 

«A 

3 


3 

n 

3A 

9} 

4 


TS 

>14 

1 

4?j 

« 

A 

3 


3 

ii 

3f 

n 

4r 


i 

m 

4A 

6A 

3 


3 

1} 

3A 

n 

4 



H 


4y^l 

51 

3 


3 

1} 

3A 

9} 

4i 

V 

i 


4A 


3 


3 

1} 

3} 

9 

4t 

V 

A 

14 

1 

4.U 

51 

3 


3 

If 

3A 

8f 

4j 

i 


14 


4A 

5K 

3 


3 

ii 

3A 

8| 

4f 


iJ 


m 

5fi 

3 


3 

ii 

3f 

8| 

4 


f 

HI 

4} 

5i4 

3] 


3 

If 

3A 

sj 

4] 


A 

16^ 

i 1 

6A 

3 


31 

If 

3f 

lOf 



f 

16A 

5i 

«A 

3, 


3i 

If 

3A 

10 




l«l 

m 



3i 


31 

If 

3f 


9f 






6. 

■ 

3 


31 


3} 

9j 

■ 

•H 


A 



6] 

• 

3 


3i 

If 

3A 

9l 


5f 


f 

1«^ 

Vir 

6; 


3^ 


31 

If 

3f 


9^ 


5f 


H 


Hh 

fi* 

33 



If 

3} 


9| 


5} 

f 

16^ 


6A 

3; 


1 

If 

3A 

9; 


5-1 


16^ 


6A 

33 


1 3^ 

If 

3| 


9i 

I 5f 

1 

1 

18} 


7] 


4 

4 

2 

3f 




6f 

Tff 

IS}} 

6A 

7^ 


4 

4 

2 

3t 


n. 


6f 


19 


6f 

7 


4 

4 

2 

3f 


11 

61 

A 

18 


®A 

6i 


4 

4 

2 

3f 


19i 




f 

IS^ 

■ 

61 

6 


4 

4 

2 

3A 

lOi 


61 

1 

H 

18- 

1 

6|i 

6 

1 

4 

4 

2 

3f 


lOf 

61 


1 

18i 


6| 

6i 


4 

4 

2 

3| 


10 



1! 

18i 


m 

63 


4 

4 

2 

3^ 

s 

10 

• 

6} 

i 

18j 

■i 

6A 

63 

L- 

4 

4 ' 

2 

Ji 


10: 


7 
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Z-BAR C50LUMN8. 


CARNEGIE STEEL Z-BAR COLVMNS. 

Table of Safe Loadsi as given by Carnegie Steel Co., for columns with 
square ends. Safety factor 4. The loads given are based upon the following 
allowed stresses in pounds |)er square incli ; 

For lengths of 90 radii or loss, 12,000. 

“ “ over 90 radii, 17,100 — 67--. 

Each Z-bar column ia made up of four Z-Sars and one web-plate (all of uni- 
form thickness) bulled or riveted together, as shown in the figure on page 1183. 

6-Inch Steel Z-bar Columns. 


Composed of four Z-bars about 3 inches dt cp and one web-^ate 5?^ inches wide 


Thickness of metal, i 
inch. J 


i 

A 

I 

A 

^ 1 


Area of section, sq. 1 
ins. J 


9.31 

11.7 

13.6 

16.0 

17.6 

20.0 

Weight per yard, I 
pounds J 


95.1 

119.4 

138.6 

162.9 

179.7 

203.7 

Least rad of gyr, 1 
Inches. j 


1.86 

1.90 

1.88 

1.93 

1.90 

1.95 

Length of column. 
Feet. 

Safe load of column, in pounds. 

12 or less. 

111800 

140600 

163200 

191600 

211400 

239600 

14 

111400 

140600 

163200 

191600 

211400 

239600 

16 

104600 

133000 

153200 

182600 

199800 

229600 

18 

97600 

124600 

143400 

171200 

187200 

215600 

20 

90800 

116200 

133400 

159800 

174400 

201600 

22 

84000 

107800 

123600 

148600 

161800 

187600 

24 

77200 

99400 

11.3800 

137200 

149200 

173600 

26 

70400 

91000 

103800 i 

126000 

136400 

159600 

28 

63400 

82600 

94000 

114600 

123800 

145600 

80 

56600 1 

74200 

84000 1 

103400 

111000 

131600 


8-inch Z-bar Columns. 


Composed of four Z-bars about 4 inches deep and one web-plate 6}4 inches wide. 


Thickness of metal, ) 
inch. j 

Area of section, sq. 1 
ins. J 

i 

A 

i" f 

A 


A 1 


U 

} 

11.3 

14.1 

17.1 

19.0 

21.9 

24.8 

or, ^ 

29.0 

31.9 

Weight per yard,) 
pounds. ) 

114.9 

144.3 

174.0 

194.1 

221.1 

252.3 

267.6 

296.4 

325.2 

Least rad of gyr, ) 
inches. j 

2.47 

2.52 

2.57 

2.49 

2.65 

2.60 

2.52 

2.58 

2.63 

Length of column. 
Feet. 

Safe load of column, in pounds. 

18 or less. 

20 

22 

24 

26 

28 

80 

82 

84 

86 

88 

40 

1S5000 

180000 

123800 

117600 

111400 

106200 

98800 

92600 

86400 

80200 

74000 

67800 

169600 

165000 

157400 

149600 

142000 

134200 

126600 

119000 

111200 

103600 

96000 

88200 

204800 

201000 

191800 

182600 

173600 

164600 

155400 

146400 

187400 

128200 

119200 

110000 

228400 

221000 

210600 

200200 

189600 

179200 

168800 

158400 

148000 

137400 

127000 

116600 

262400 

256400 

244800 

233000 

221200 

209400 

197600 

186000 

174200 

162400 

160600 

139000 

297000 

292800 

279800 

266800 

258800 

240600 

227600! 

214690 

201600 

188600 

175600 

162600 

315000 

306600 

292400 

278200 

264000 

249600 

2:45400 

221200 

207000 

192800 

178800 

164400 

342600 

[327000 

811600 

296200 

280800 

:266400 

1250000 

'284600 

219200 

203800 

188400 

382400 

379200 

:462600 

346000 

329400 

312800 

296400 

279800 

263200 

246600 

230000 

213400 




Z-BAR COLUMNS. 
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CABMEGIE STEEE Z-BAB COLVMMS. 
Table of Safe Loads (continued). 

lO-inch Steel Z-bar Columns. 


Composed of four Z-bars about 5 inches deep and one web-plate 7 inches widei. 


Thickness of metal, ) 
inch. j 


1 




f 

Tt 

1 

a 

Area of section, sq. 1 
ins. j 

15.8 

19.0 

22.3 

24.5 

27.7 

30.9 

32.7 

35.8 

39.0 

Weight per yard , ) 
pounds. j 

161.1 

194.1 

227.4 

3.18 

249.9 

282.6 

316.6 

330.0 

368.4 

397.8 

3.25 

Least rad of gyr, ) 
inches. j 

3.08 

313 

3.10 

3.15 

3.21 

3.13 

3.18 

Length of column. 
Feet. 

Safe load of column, in pounds. 

22 or less. 

Il89400l228400l 

267800 

294000i332400 

371200 

392000 

429800 

468000 

24 

186600 

226200 

266200 

2892001329600 

370600 

887200 

427800 

468000 

26 

1786001217200 

266600 

278400 317400 

:i57400 

373000 

412400 

453200 

28 

171600 208800 

247000 

2676001 

aa’vloo 

344200 

358600 

397000 

436800 

30 

164600 200400 

237400 

256800 293400 

331000 

344400 

381600 

420400 

32 

167600 192200 

227600 

246000 

281400 

317800 830000 366200 

404000 

34 

15060018:1800 

218200 

285200 

269400 

304600 315800 a50800 

387600 

36 

1436001175600 

208600 

224400 

2.57400,291400, 

30]400>335600j 

871200 

38 

136600 167200 

199000 

213600 

245400278200 

287200 

320000 

354800 

40 

129600168800 

189400 

202800|233400 265000 

273000 

804600 

838200 

42 

122600 160600 

179800 

192000 221200 

251800 

258800 

289200 

321800 

44 

115400 142200 1702001 

181200209200 

2:18600 

244400 

273800 

305400 

46 

108400'134000|160600 

170400 197200 

225400 

230200 

258400 

289000 

48 

101400 125600 151000 

169600 185200 

212200 

215800 

243000 

272600 

60 I 

94400 Il7200ll41400! 

148800 173200 

199000i201600l 

227600 

256200 


12-ineh Steel Z-bar Columns. 

Composed of four Z-bars about 6 inches deep and one web-plate B inches wida 


Thickness of metal, ) 
inch. j 

1 


i 


f 

H 

i 


i 

Area of section, sq. ) 
ins. / 

21.4 

25.0 

28.8 

81.2 

34.8 

88.5 

40A 

44.1 

47.7 

Weight per yard,) i 
pounds. j 

218.1 

255.6 

293.4 

318.6 

855.5 

392.7 

418.4 

449.7 1 

486.8 

Least rad of gyr,) 
inches. j 

8.67 

8.72 

3.77 

3.70 

8.75 

8.73 

8.68 

8.66 

&64 

Length of column. 
Feet. 

Safe load of column, in pounds. 








26 or 1688. 

28 

30 

32 

84 

36 

88 

40 

42 

44 

46 

48 

50 

254000 

246000 

238000 

280200 

222200 

214200 

206200 

198200 

I190200 

1182400 

174400 

1166400 

299400 

290200 

281000 

271800 

262600 

258400 

244200 

235000 

225800 

216600 

,207200 

198200 

o4ij<£u0 

:145000 

335200 

324800 

314400 

304000 

293600 

283000 

272600 

262200 

252400 

241400 

281000 

372000 

360400 

349000 

837400 

325800 

314200 

302800 

291000 

279600 

268000 

256400 

244800 

417800 460600'481600 
4^5000 4466001466400 
!392200i432600l461400j 
379600 41840014364001 
366800 404200 421200 
364()00'390200'406200 
,341400 876000 391200 
828800, l361800|376000 
18160001347800,361000 
8032001333600(345800 
29(1600319600 380800 
,27780013054001315800 

1522800,564200 

15064001546400 

490000628400 

14734001510400 

14568001492600 

'440400'474600 

4238001456600 

407400(438800 

391000'420800 

3744001402800 

358000384800 

8414001367000 


For loads greater than those aiven In the tables, the Z-bax 
columns may be re-enforced by additional plates, riveted to the flanges. The 
addition of such plates does not in any case diminish the least radius of gyra* 
tion. Hence the same load per square inch qf cross-section may be used. 





1186 PH(EN1X COLUMNS. 


Table ol rolled- 



iron aegment-colnmns of tbe Phcenlx 
Iron Co, 410 Walnut St, Pbilado. 


The dimenaions given 
are subject to slight variations whicli are unavoidable 
Id rolling iron shapes. The wel|[;ht>8 of colutnns given 
are those of the 4, 6, or 8 segments, of wiiich they are 
Composed The Blianla of the rivets used in joining them 
together, of course, merely make up the quantity ot metal 
punched or drilled out, in making the holes ; tmt the rivet* 
heads add from 'i to 5 (H'r cent to the weights given. Tbs 
riveta are apnc^ 3, 4, or 6 ins apart from cen to 
cen. 


Any dealred thickncaa between the mini mam 
and uiaxiuiuni for any given size, can be fiuuished. 
We give the dimensions, weights, &c, cnrres}K)ndiiig tc 
the principal thieknesses. (I columns have 8 segment^ 
£, 6 segments. All others, 4 segment s. 




THE GRAY COLtJMM. 
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THE ORAT COLEMBT. 

The Gray Column, designed and patented Mr. J. IT. Gray, conslstlL 
in its original form, of angles, connected at intervals I) (generally of 2 ft 6 ins) 
by transverse bent tie-plates T, usnally 9 X % ins. This construction renders 
the parts of the column easily accessible, for painting, etc., but under trans- 
verse or buckling stresses the column must act somewhat like a rectangular 
frame without diagonals. To remedy this, a later form, the “twelve-angle” 
column, Fig 5, has been designed, having, in the square column, Figs 1 and 2, 
instead of the bent tie-plates T, four additional angles, running longitudinally 
like the others, and placed centrally, as shown. These angles supply the column 
with two webs, intersecting at right angles. 

Figs 1 and 2 show the square column, used in the interior of buildings. It ifl 
need chiefly in the 14, 15, and 16 inch sizes. Fig 2 shows plates riveted to the 
outer flanges, as is done in some of the heaviest columns. Figs 8 and 4 show the 
wall and corner columns respectively. Fig 6 shows the ” twelve-angle” column, 
and Fig 6 one of many forms of fl reproofing, with plaster laid on terra cotta 
blocks. The rivets are usually % inch in diameter. 

The safe load, in pounds per sq inch, of the ordinary column, is stated as 
17,100 — 67 p where L = length of column and r =- its least rad of gyration. 

The cost of the Gray column, at shop, is from 1 to 1.5 cents per fi> plus tha 
cost of the angles. 



Fiv.4. 


80 
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THE GKAY COLUMN. 


Gray Column. List of Selected Sloes. 


Slse 

S 

Angles 

Area 

I 

Mom 
of in. 1 

r 

Least 

rad. 

r* 

Safe loads* for 
column lengths 
of 

ins. 

ins. 

sq in. 

of gyr. 
ins. 


12 n. 1 80 ft. 


Square Columns. Fios. 1 akd 2. 


9 

2 

X2%X 

8.48 

64 

2.7 

7.3 

115 

80 


2 

X3 

X 

18.00 

119 

2.6 

6.8 

250 

165 

10 

2V 

iX2>4X M 

9.52 

95 

3.1 

9.6 

135 

100 

“ 

2>i 


X }% 

20.00 

179 

3.0 

9.0 

285 

205 

12 

3 

X3 

X % 

16.88 

241 

3.8 

14.4 

250 

195 

“ 

3 

X6 

X k 

30.00 

327 

3.3 

10.9 

435 

325 

18 

3 

X3 

X n 

16.88 

285 

4.1 

16.8 

255 

205 

“ 

3 

X5 

X % 

43.52 

652 

3.6 

13.0 

645 

495 

14 

3 

X3 

X % 

16.88 

336 

4.5 

20.2 

255 

210 

It 

8 

X3>4X % 

29.36 

526 

4.3 

18.5 

445 

360 

U 

3 

X4 

X % 

26.00 

444 

4.2 

17.6 

390 

315 

u 

3 

X6 

X y 

80.00 

463 

4.0 

16.0 

450 

355 

It 

81k 


81.92 

597 

4.4 

19.4 

485 

395 

u 

8V 

X6 

X % 

39.36 

624 

4.0 

16.0 

590 

470 

u 

S> 

X6 

X H 

36.00 

526 

3.8 

14.4 

535 

420 

15 

3 

X3 

X K 

22.00 

496 

4.8 

23.0 

835 

280 

(( 


JX3MX % 

31.92 

693 

4.7 

22.1 

490 

405 

M 

3^ 

X5 

X % 

39.86 

731 

4.4 

19.4 

600 

490 

t< 

4 

X4 

X Vi 

30.00 

653 

4.7 

22.1 

440 

380 

(( 

4 

X6 

X % 

41.84 

817 

4.4 

19.4 

635 

620 

t( 

4 

X6 

X n 

46 88 

828 

4.2 

17.6 

710 

670 

16 

3 

X3 

X Vi 

22.00 

670 

6.1 

26.0 

340 

285 

(( 

4 

X4 

X % 

36.88 

912 

5.0 

25.0 

670 

480 

“ 

4 

X6 

X % 

55.52 

1134 

46 

21.2 

850 

700 

18 

3 

X3 

X g 

22.00 

746 

5.8 

33.6 

845 

300 

« 

4 

X4 


86.88 

1182 

6.7 

32.5 

575 

495 

<( 

6 

X 5 

X ^ 

46.88 

1465 

6.6 

3L4 

730 

630 

20 

4 

X4 

X % 

86.88 

1486 

6.4 

41.0 

680 

510 

« 

6 

X6 

X n 

67.62 

2588 

6.2 

38.4 

1065 

930 

80 

5 

X4 

X % 

41.80 

4147 

9.9 

98.0 

680 

680 

<4 

6 

X6 

XU 

264.40 

22688 

9.2 

84.6 

4285 

3980 


Wall Columns. Fm. 3. 


12 

8 

X4 X % 

14.88 

94 

2.5 

6.2 

205 

130 

14 

8 

X3>^X H 

18.00 

160 

3.0 

9.0 

255 

185 

II 


jX5 X % 

29.52 

241 

2.9 

8.4 

420 

295 

15 


iX4 X S 

21.00 

217 

3.3 

10.9 

305 

225 

“ 

4 

X5 X % 

.31.38 

317 

3.2 

10.2 

455 

335 

16 

3 

X3 X % 

16.50 

200 

8.5 

12.2 

240 

185 

“ 

4 

X6 X % 

35.16 

875 

8.3 

10.9 

610 

380 

18 

4 

X4 X % 

27.66 

434 

4.0 

16.0 

415 

830 

20 

4 

X5 X H 

31.38 

562 

4.2 

17.6 

475 

880 

80 j 

5 

X4 X % 

31.38 

1408 

6.8 

46.2 

495 

440 

** 

6 

X6 X It 

198.30 

8937 i 

6.7 

44.9 

8150 

2785 


Corner Columns, Fiq. 4. 



8>^X31^X 

23.48 

272 

3.4 

11.6 

845 

260 

11 ^ 

8HX3>^X 

15.75 

288 

4.3 

18.5 

240 

195 

i8 

14 / 

4 X5 X % 

24.91 , 

425 

! 

4.2 

17.6 

875 

305 


* In thousands of lbs, by formula: Safe load » 17100 — 67 ^ in lbs per sq in. 
tThne 1-in pistes riyeted to each pair of angles. Fig. 2. 
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lEON AND STEEL COLUMNS. 

For oolnmns in ireneral, see pp 495. etc. 

For wooden columns, see pp 1143. etc. 

lilst of References. 

(1) Steel in Construction, Pencoyd Iron Works, 12th Ed, 1900. 

(2) Cambria Steel Co, Handbook, 1907. 

(3) Carnegie Steel Co, Pocket Companion, 1903. 

(4) Phoenix Iron Co, Hand Book, 1906. 

(5) Bethlehem Steel Co, Structural Steel, 1907. 

(6) Passaic Steel Co, Manual, 1903. 

(7) Acts and Resolves of the Massachusetts Legislature, 1907. 

(8) Trans Am Soc C K, Vol 15, p 530, July 1886. 

(9) Trans Am Soc C E, Vol 20, p 258, June 1889. 

(10) Trans Am Soc C E, Vol 54, June 1905. 

(11) New York Building Code, Approved Oct 24, 1899, with amcndmentt 

to April 12, 1906. 

(12) Eng News, Jan 13, 1898, pp 27, etc. 

03) Eng News, June 30, 1898, p 424. 

(14) Modern Fraine<i Structures, by J. B. Johnson, New York, John 

Wiley ik, Sons, 1893. 

(15) City of New York. Department of Bridges, Specifications for the 

Design of Municipal Bridges, 1907. 

(16) Mitteilungen der Materialprufungsanstalt am schweizerischen Poly- 

techiukum in Zurich, Heft VIII, 1806. 

(17) “Tests of Metals etc,” Watertown Arsenal. Year ending June 30, 

1888. 

(18) “Teats of Metals etc,” Watertown Arsenal. Years ending June 30, 

1886, 1890, 1894. 

1. For economy of material, iron and steel columns are almost invariably 
hollow. Cast iron columns are usually round or rectangular; while struc- 
tural steel columns are usutdly of some special or built-up ^shape, see Figs 
1 to 12 and pp 1186, 1187. 

1 2 3 4 5 6 


hhhddh 

7 5 9 10 II 12 

Fiipfi. 1 to 12. 

2. Owing to displacement of the core, in casting, east iron colnmno 
are apt to be much thinner on one side than on the other. They are liable 
to initial stresses, due to unequal contraction in coding, and are objectionable 
also on account of the brittleness and relative unreliability of the material 
and its low tensile strength. When the metal, for very. long columns, is 
poured at both ends of the mold, it may become so chilled that the two 
portions do not unite perfectly at the center. A weak place is thus left 

( ust where the max bending moment occurs. Entrained air produces blow- 
loles and honeycomb; and impurities, collecting at the bottom of the mold, 
weaken the casting. See also H 14. 

See Columns in General, lU 9, 10, 13, and 36 to 43, pp 495, etc., 498 c. etei 
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3. Avoid designs which, like those shown at q and at a a, Fig 13, bring 
part of the wall of the column out from the line of pres, inducing beiidliifp 
momeiitN in the metal. 



o 


Fig. 13. 

4. Use preferably a simpler form, as at ft, or a stiaight col, ocd, to which 
any such ornaments, as at y, may be attached. 

3. Figs 1 to 12 show common form** of colnmns built up of steel 
angles, plates, channels, and Z-bars. “ Closed ” HCctionM. I’lgs 4 to 7, 
cannot be repainted internally. They are therefore suitable only for dry 
situations where temp changes are slight. In Figs 8, 10, 1|, 12, the flanges 
should be placed far enough apart to permit machine-riveting. 

6. Figs 14 to 17, from “ Cambria Steel,” show details of connections 
between one column and another and between columns and beams, as 
markt. Figs 18 to 20, from ” Cambria Steel,” show arrangement for tonwes 
of columns, as markt. 

7. It 1» customary to provide that K, « L/r. shall not 
exceed about 133; but, in light structures, K sometimes greatly ex- 
ceeds this limit. Thus, in eleven transmission towers, K rangm from 111 
to 300. Where it reached 300, the member consisted of 1 angle, 2 X 2 X 
% inch, h = 120 ins ; r -■ 0.4 inch. (R. I). Coombs, Am Soc Civ Engrs, 
Trans, Vol 61, Dec 1908, p 202.) 

8. In columnA composed of two channelH. latticed. Fig 11, 

the channels are usually placed so far apart that the tendency of the column 
will be to deflect in the plane of the webs, i. e., so that the least radius of 
gyration of the column is the greatest radius of gyration of the single channel. 
For proper distances between channels, to secure this result, see pp 1175 and 
1177. 

9. Anglic sections being unsymmetrical, the load is usually more or 
less eccentric. Hence the allowable stress, for angle columns, should be less 
than that for symmetrical sections. 

10. Rivets are usually spaced > 3 inches, center to center, near 
the ends of columns, for a distance equ^ to twice the width of the column. 
Distance between centers of rivets, in line of stress, > 16 times least thick- 
ness of metal of the parts joined. Distance between rivets, perp to line of 
stress, > 32 times thickness of metal. 

11. liatticc bars, batten plates and connections, weitth, to- 
gether, 30 % or more of the weights of heavy columns, and 50 or 60 % of the 
weight of the lightest columns. 

12. In building construction, columns may be considered as 
square-ended. Usual factor of safety = 4. See 14 and 18. 

13. Columns of apgles or I-beams are usually of soft steel : those of 
plates and angles, channels, plates or Z-bars are usually calculated as for 

medium steel. 

14. Cast iron columns do not permit as rimd connections, to othe; 
columns or to beams, as do rolled steel and rivetea columns. They shomd 
not be used, in buildings, with a safety factor less than 8. See also "" 2, 
12, 18. 
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Flir. 80. 

Bolster, of beams, obannels k plates, for Z<bar oolumn. 

G. hor see thru col ; 0\ side eievatn *, 0", end eleratn. 
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15. In order to obviate the weakeninK effect of 
(he rlTCt holes in riveted steel columns, the solid 11 
column, rolled in the Grey universal mill, and shown in 
cross section in Fig 21, is employed. 


Fiff. 21. 

16. Let loads and stresses be in pounds, dimensions in inches; let 

P* — the total load (supposed to be axial) on the column; 

a = the area of cross section of the column; 

p* — P/a — the average unit load on the column; 

8* the maximum existing unit stress in any cross section; 

== the unit stress at the elastic limit; 

8, -= the maximum unit stress in a short column; 

r == the least radius of gyration of the cross section; 

D the least external diameter, or least external dimension, of th( 
cross section; 

L = the length of the column; 

K — Llr — the length ratio, or slenderness, of col, in terms of r ; 

k «= L/D — the length ratio, or slenderness, of col, in terms ol D; 

m = a coefficient in the Rankme fonnula; 
c = a coefficient in the straight-line formula; 

F = safety factor. 

17. We then have 

Rankine formula, (Columns in general, 21-27, pp 497-8): 

Straiffht-line formula. (Columns in general, 1| 29, p 498). 
p =. p/a - b,-~cK . 

18. Safety faetora, F, proposed by Mr. James Christie (1), p 157, f<» 
structural steel columns : 

For flat and fixed ends, F = 3 -H 0.010 K 

For hinged and round ends, F = 3 + 0.015 K. 

See 12 and 14. 


♦ Under any given conditions. P and p are the total load and the avge unit 
load, respectively, corresponding to the extreme fiber stress, s, existing 
under those same conditions. Thus, P, p and a may be those eorreeponding 
to ultimate or safe or any other loading. 
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19. Below are given tables of values commonly nsed in connect 
tion with various i'ormulas for steel and iron columns under static axial 
loading. See Columns in General, pp 495 etc: 


P 


RAIfKIKi: FORHVLA. 


1 + 


‘ (7)’ 


K 



As in H 16 : 

p >“ mean unit load on col ; m = a coefficient ; 
s = mavimum unit stress in cross .section ; 

It = L/r -== unsupporteil length — least radius of gyration. 


P 1 

See diagram of values of 4. ^ ' ^ 

Talnes of s and of 1/in for steel and Iron columns. 

For list of references, see p 1189. 

TS =» ultimate tensile strength ; = elastic limit ; YP — 

point, all in thousands of pounds per square inch. 


yield 


STKEli AND WROVOIIT IROBT. 


For Buildinfsrs, IJlttimate loads. 


Cambria Steel Co., soft and medium steel ; (2) pp 194-7. 

Carnegie Steel Co. (3) pp 143-4, and Phoenix Iron Co. (4) p 88, 

Safety factors; dead load, F “ 4; 

live load, F — 5. s 1 / m 


Steel. 

Pin ends 

One pin end 

Square ends 

Passaic Steel Co., wrought iron; (6) p 153. 


Soft Medium 
45,000 50,000 18,000 
45,000 50,000 24,000 
45,000 50,000 36.000 


Pin ends 

S 9 uare ends. 
Fixed ends .. 


40.000 20.000 

40.000 30,000 

40,000 40,000 


For Buildings, Permissible loads. 

Boston building code,* (7) p 415 Steel 16,000 20,000 

Wrought iron 12.000 20,000 


Bridge Specifications, Permissible loads. 

s 1 / m 


)sborn Engineering Co., 1903 

i’.s 

1-4 

Se 

YP 

Steam 

Electric H’way 


Wrought iron ; 48 

Soft steel ; 52-02 


25 

13,000 

15,000 

18,000 


32 

— 

15,000 

17,000 

20.000 


Medium steel : 60-70 

35 

— 

17,000 

19,000 

22,000 


Both pin ends 





18,000 

One square end 






24.000 

Both square ends 






36,000 


* The Boston code uses the Rankine formula for steel and wrought iron 
columns; J. R. Worcester’s method for wood; and (apparently; T. H. 
Johnson’s straight-line formula for cast iron. 
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Strnctaral ISteel. m 1 / m 

Phila & Reading R R, 1906; TS = 60 15,000 13,500 

Pennsylvama R R, revised to Jan 1, 1907 ; 

Soft; . TS = 52 to 62; S, = 28 16,000 13,500 


Erie ^ilroad, 1900; revised to June 1, 11>05; 

Soft; TS = 56 to 64; Se = 0.58 TS 

8000 

s 1 /m 

New York Central R R, 1904; Dead Live 

TS = 56 to 64, - 33 16,000 8,000 18,000 

Del Lacka & W R R, Nov. 1903; 

Soft: TS = 54 to 62, Se = 0.5 TN; 

Two pin ends 

One or both ends fixefl 

New York City, Henry H Seaman, 

Consulting Engineer, 1907, Highway bridges 

Wroiiffht iron 

Itlediiini Htrel 

Nickel Mteel 

Prof. Mans6eld Merriinan believes that, forHieel 
columns, best values for 1/m are about as follows: 

Round ends 

Pin ends 

Square ends i 

Fixed ends 


CAST IRON. 

For Ruildlng;»i. Ultimate loads. 

Cambria Steel Co (2) p 284; F - 8; 80,000 8.000* 

Carnegie Steei Co (3) p 148; Pin ends 80,000 4,000* 

Passaic Steel Co (6) p 206; One pin end 80,000 5,500* 

^uare ends 80,000 8,000* 

For Bulldlngfs, Permissible loads. 

Chicago building code (6) p 119; 10,000 6,000* 


♦The Cambria, Carnegie, Passaic and Chicago formulas, for cast iron 
columns, use A: = LID, instead of K = Lfr. The values of l/»i, above 
given, are approximate equivalents for the published coefficients. The 
ratio, between the two coeflfs, varies with the thickness of the column 
See pp 353 a, 353 b. 


.12,500 8,500 18,000 
.12,.500 8, .500 24,000 


.16,000 8,000 8.000 

.20,000 10,000 8,000 

.30,000 15,000 8,000 


6,000 

8,000 

18,000 

24,000 


Both ends hinged ; 
One end fixed ; 
Both ends fixed ; 


(i + 1 1® 

V max stress / 36,000 
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STRAlGHT-lilXJB FORMULA, 

p « p/a - 8,-cK; K L/r ^ hill, 

c 

p — mean unit loa^ on column ; c =« a coefficient ; 
sg ~ maximum unit stress in a short column ; 

K — Lfr — unsupported length — least radius of gyration. 


Yalnes of and of for steel and iron columns. 


r. H. Johnson (8) 

Wrought iron ; 

Mild steel ; carbon 
Hard steel ; carbon 
Cast iron 


Ultimate loads. 




Fiat ends 

Hinged ends 

Round ends 


8» 

c 

A,* 

c* 

At* 

c 

Kt* 


42,000 

128 

218 

157 

178 

203 

138 

= 0.12% 

52,500 

179 

195 

220 

159 

284 

123 

= 0.36% 

80,000 

337 

158 

414 

129 

534 

100 


80,000 

438 

122 

537 

99 

693 

77 


Ntructnral Nteel 
For Build ini^. Ultimate loads 

8a C C C 

Passaic Steel Co (6) pp 149, 154 Fixed Square Pin 

K, 50 to 150, P = 4 ends ends ends 

Soft (angles and beams) 54,000 185 200 225 

Medium (Z-bars, channels, plates) 60,000 210 230 260 


For Building^s, l^erniisslble loads. 

New York building code, (11) Sec 138 ; 15,200 

Chicago building code, (6) p 119, Pmax = 13,500 ; 17,000 

Carnegie Steel Co (3) pp 12541, F « 4 ; 
medium steel (Z-bars and channels; 

K > 90 ; 12,000 

K >90; 17,100 

Bethlehem Steel Co (5) p 122 ; 

A' < 55 ; 13,000 

A > 55 ; > 125 ; 16,000 

C. C. Schneider, (10) p 494 ; 16,000 

Jf, R. Worcester, (10) p 418 ;t 
(A/12) max ■» 16 

A/12 from 2 to 4 13,(X)0 

For each increase of 2, in A/12, deduct 1,000 from 

A/12 from 14 to 16 7,000 


c 

58 

60 


0 

57 

0 

55 

70 


0 

0 


Railroad Brld§^e Specifications. 

TS » ultimate tensile strength ; *= elastic limit ; both in thousands 

M pounds per square inch. 

American Railway Eng’ng & M of Way Assn, 1906, 

American Bridge Co, 1906, and 

Baltimore A Ohio R R, 1904 ; TS - 60 16,000 70 

Theodore CJoqper, 1906, Dead load 
Medium : TS — 60 to 70 , «* =■ 0.5 TS 

Chord segments, stiffeners 20,000 90 

Posts 17,000 to 18,000 90 to 80 

Lateral struts ; 13,000 60 

For live loads, in lateral struts,* take two-thirds the dead load stress ; 
elsewhere, one-half. 

For low steel (TS “ 55 to 65) deduct 10 per cent from loads for medium 
steel. 

For movable structures, deduct 25 per cent from loads on stationary 
structures. 


*Kt = value of K for the point of tangency where straight line joins 
Euler’s curve. See Columns in General, f Ol, p 498 h. 
t See Coltunns in (General, ^ 34, p 498 b. 
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Cast Iron 

For Building^. Ultimate I«oads. 

flf e 


Wm. H. Burr, flat ends, (13) ; 30,5(X) IflO 

J. B. Johnson, flat ends, “ Materials” p 366 ; 34,0(X) 88 

For Buildings. Permissible Loads. 

8, c 

New York building code, (11) Sec 138 ; 

Min diam, 6 ins; min thickness, % in, Km*, =» 70 11,300 30 

Boston building code, (7) p 416 ; K,^ = 70. 

(Cast iron cmumns forbidden in buu^ngs over 75 

feet high) 11,000 30 


'SO. Prof. J. B. Johnson (14) p 150, for ult loads by his parabolio 
formula (see Columns in General, H 28, p 498) : 




gives g “ 6.4 for hinged ends, g 


Wrought iron, pin ends, ... 
Wrought iron, flat ends,... 

Mild steel, pin ends 

Mild steel, flat ends 

Here, as in H 16, let 


10 for flat ends, and 


K> 

*8 


170 

34,000 

0.67 

210 

34,000 

0.43 

150 

42,000 

0.97 

190 

42,000 

0.62 


— elastic limit of the material; Cp «= a coefficient ; 

K =» L/r “ unsupported length + least radius of gyration. 


21. Where the least external dimeikslon, B, (instead of the least 
radius of gyration, r,) is mven, the following method (15) for finding the unit 
load, p, by the Rankine formula, may be found convenient; Let 
8 « max permissible fiber stress; 

p = P/a «• s/(l + m K^) = permissible static unit load; 

^ ^ ^ (least external dim ension)^ , ^ ^ 

(least radius of gyration )2 ’ r ’ D' 

Then 

K~ = nfc2; and p — s/(l + mnk^)\ or p/s =■ 1/(1 + mnJ^), 
For values of m, see H 19, pp il94-1196. 

For values of p/s, see 1 22. p 1198. 

For values of ii, » (D/r)^, see Columns in General, pp353a, 3536 
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22, Dlaurram, Fig 22, fiihowlnir vainer of j)/s » 1/(1 + mnk^) 

(а) for medium and nickel stew and wrought iron; 

(б) for cast iron. 

In the scale of abscissas, find the ordinate corresponding to the given 
value of fc — L/D. Find the intersection of this ordinate with the curve 
corresponding to the value of n, = (D/rV-, for the given section, taken from 
the table, pp 353 a, b. Opposite this intersection, on the axis of onlinates, 
will be found the required value of p/s. Then p = s {p/s). 



23. Formulas and experiments. Figs 23 and 24 show a com- 
parison between certain formulas for, and experiments upon, columns of 
Structural Hteel and east Iron, as follows : 
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Formnlaft and ExporimontM. 

Firs ‘i:i and '2i (pp 1201 and 1203). 

STRUCTURAL STEEL, Fig 23. 

> Formulae. 

Ranklne: p = «/(l + m K}y, Straight-line; p = — c K. 

I» = mean unit load on column . in. c = ctiefficients ; 

s ^ maximum unit stress m crass section ; 

maximum unit stress in cross section for short blocks ; 

Hi = L/r = length least radius of gyration; p and « in lbs per sq inch. 

Ultimate. 

1. Straight-line. T. H. Johnson, mild steel, 

carbon = 0.12%, square ends. p = 52,500 — 179 K 

2. Straight-line. Passaic R. M. Co soft steel, 

square ends, X > 30 V — 48,000 — 0 

X > 30 . P = 54,000 - 200 X 

3. Rankine Cambria Steel Co and Carnegie 

SteehCo, medium steel, square ends, s = 50,000; 1/m = 30,000 

4. Rankine, Cambria Steel Co, soft steel, 

square ends, s = 45,000; 1/m — 36,000 

5. Parabolic. ,1. B. Johnson, mild steel, 

square ends, p = 42,000 - 0.62 X“ 

Perniiasiblo. 

0. Rankine. N Y. Bridge Dept, medium steel s — 20,000; 1/m == 8,000 

7. Rankine. Boston building code, « — 16,000; 1/m = 20,000 

8. Straight-line. C.C. Schneider and Am Ry 

Eng ik M of W Assn, 7’.S' - 60,000, p = 16,000 — 70 X 

9. Straight-line. Carnegie Steel Co. Medium 

steel, square ends. X > 90; p = 12,000 — 0 

X >90; p = 17,100 -- 57 X 


Experiments. 

Ultimate strengrth <»r pin-end Hteel eolnmnsi. 

TS = ult tensile strength ; te = elastic.limit. 

• Jas. «. Ragrron. Am Soc C E Trans, June, 1889, Vol 20. p 254. 
8 lattice bridge columns of rectangular section, built up of plates and angles. 
Carbon, 0,26 to 0.27 per cent; TS = 83.7 to 84.4; s, 51.2 to 53.9 ; 

6 cols of 2 plates, 8 X Vt, 4 angles X 2Vi X Yi . 16 to 24 ft ; 

2 cols of 2 plates, 9 X %. 4 angles 2*)4 X 2% X ‘)io. 25 ft 7.5 ins. 


+ 4\ Bncliaiian, Eng News. Dec 26, 1907. 7 bridge cols, as below. 
Miissemer (Bess) and Open Hearth (O. II.). 

No. Carbon % X p 

3, I’ost, 4 Z-bars, 3 in. Web, 6 X %, Bess — 83 34,270 

4, I>ost, 4 Z-bars, 3 in. Web. 6 X %, Bess - 8;i 32,900 

9, Post, 4 angles, 6 X 3.5 Web, mi X %. Bess — 97 27,790 

16, Chord, 2 angles, 3X3 2 webs 16 X % 

2 angles, 4X3 cover, 22 X % 

Lattice, 5 X Via O.H 0.21 46 30,640 

17, Post, 4 angles, 3X3 2 webs 10 X % 

Lattice O.H. 0.23 45 31,680 


18, Chord 

19, Chord 


4 angles, 3X3 


1 web 18 X % ) 

1 cover 22 X % >O.H. 
Lattice 2% X 


0.15 


f34 31,980 
135 33,950 


A A. L. Waddell. Eng News, Jan 16, 1908. 6 nickel-steel and 6 
carbon-steel bridge columns. Each of 4 angles, 3 X 3 X %, 2 web plates, 
12 X %, and lattice 2.5 X %. Lengths 10 and 30 ft r =* 4.46 ins. a = 
17.44 sq ins. Nickel-steel, TS == 100-115; t* <60. Nickel, 3.5%; 
carbon 0.38%: manganese, 0.30 %. Carbon-steel, 60-70; <• < 35. 


Nickel steel, K - 27, p 

“ K - 81, V 

Carbon steel, X -= 27 p 

“ “ X - 81. p 


Average 

68,500, 68,500, 69,200, 68,700 
44,400, 47,20a 42,500, 44,700 
38.900, 38,900, 39,800, 39,200 
29,600, 29,600, 32.400. 30,600 
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■ ^nebec Rrldg^e CommiMiloii, Eng News, April 23,1908. Two 
mMium steel chord members; viz: No 1, one-third size of “A 9 L” (see H 26) 
and of similar section, and No 2, with 2, instead of 4, ribs; ribs identical with 
outer ribs of No 1 ; but the lattice-angles were 50 % heavier; rivets in lattice 
connections doubled; intersections of lattice-angles strengthened by gusset 
plates. Pins, 12 ms diam, as in “A 9 L ” 


No 

2 


Area 
sq ins 
86.6 
42.6 


Length 
c. to c. 
19' 0" 
11 ' 


Lfr Failure load, in Ibs/sq in 
♦ t indicated t net! 

42 35 26,850 22,150 

25 15 37,000 30,525 


CANT IRON, Fig 24. 


Formulas. 


Rankine: p « «/(l -h m K^) \ Ntraig^ht-line : p ■=»«, — c R. 
p »> mean unit load on column ; m, c » coefficients ; 

ft maximum unit stress in cross section ; 

Sg •“ maximum unit streas in croas section for short blocks ; 

K — L/r =» length •+■ least radius of gyration ; s and p in lbs per sq inch. 


intimate. Square ends. 

1. Rankine. Cambria Steel Co, approx « = 80,000; 1/m = 8,000 

2. Straight-line, T. H. Johnson p ~ 80,000 — 438 K 

3. Straight-line, J. B. Johnson p = 34,000 — 88 A' 

4. Straight-line, W. H. Burr p * 30,500 — 160 K 


Permlfusible. 

5. Boston building code, =» 70 p ■= 11,000 — 30 A 

6. Chicago building code (Rankine), approx s = 10,000 ; 1/m » 6,000 

Experiments. 

Hollow columns. 


4* Tests of 10 cylindrical columns at Phoenixville for New York Building 
Department, as follows: 


Outer 

diam 

Thickness Length 

K 

ultimate 

ins 

ins 

ins 


lbs per sq inch 

15 

1 

190 

38.3 

30,800 

15 


190 

38.7 

27,700 

15 


190 

38.7 

24,900 

15 

m 

190 

38.3 

25,200 

16 

11%4 

190 

38.5 

32,100 

15 

ma 

190 

38.8 

> 40,400 

8 

1 

160 

'64.0 

31,900 

8 

1%4 

160 

64.4 

26,800 

6 

1%4 

120 

67.2 

22,700 

6 

1%4 

120 

66.5 

26,300 

lb Testa of 5 

cylindrical columns about 

157 

ins long, at Watertown 

Arsenal, (17) pp 730-734. as follows. 
Diameter, ins 
outer inner 

D d K 


, P 

ultimate 

8.7 

6.0 

60 


> 25,720 

7.9 

5.3 

65.9 


> 30,380 

7.2 

4.8 

72.4 


25.470 

6.4 

4.1 

83 


27,210 

5.7 

4.0g 

90.6 


25.100 


* Axis parallel to pin. t Axis parallel to web. 

t Net load taken » 82.5 % pf indicated lo«i, on account of error of 
testing machine. Both indicated and net loads are plotted, with Lfr for 
a^s parallel to pin, both test cols having sdelded in planes peip to pins. 
i Gore eccentric. TUckness, at bottom, varied from 0.78- to 1.06 inch. 
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NAlid <>olninnH. 

Bi Usually accented average crushing strength of short blocks, 100,000 
lbs per square inch. 

# Tests of 6 small cylinders at Watertown Arsenal, (18). 


No 

Diam 

ins 

r 

ins 

Length 

ins 

K 

, V 

ultimate 
lbs per sq inch 


1 

0.798 

0.2 

4 

20 

96,200 

1886 p 1260. Cut 
from a cannon ball. 

2 

0.798 

0.2 

5 

25 

89,620 

1890, p_ 738. 

3 

0.798 

0.2 

5 

25 

86,200 

4 

0.749 

0.187 

5.482 

29.3 

76,643 

1886, pp 1680-1. 

5 

0.750 

0.1875 

5.46 

29 

76,244 

1886, pp 1680-1. 

6 

1.129 

0.282 

10.5 

37.5 

63,000 

1894, p 105. Gun iron. 


A Tests of 5 cylinders with short scjuare ends, at Watertown Arsenal 
(17), pp 737-742. Diameter = 2 ms. r = 0.5 inch. L — length of 
round portion = 9 ins. K — 18. p, ult, from 01,800 to 74,780 Ibs/sq in. 

24. The experiments on small solid c^t iron cylinders, above recorded, 
and many others by Tetmajer (16), indicate that the Rankine formula is 
correct in form; but the experiments with actual hollow cylindrical columns 
show that such columris fail under loads lower than those given by the 
formula, especially in the case of short columns. In thin hollow cola, the eccen- 
tricity of loading, which is sure to occur, even m careful experiments, and 
much more so in actual building operations, concentrates most of the pressure 
upon one side, and causes that side to act without proper support from the 
rest of the section. The col is thus prevented from acting as a whole. 

25. Tetmajer (16), p 77, finds that riveted ooliimiiM of structural 
steel behave the Name an Niiiiple rolled NhapeN, provided; — 

(1) the pitch of the rivets does not exceed 70 X entire flange thickness; 

(2) the rivets completely fill the nvet holes; 

(3) the weakening of the section by rivet holes > about 12 per cent. 

26. tlnebec bridjpo failuro. The collapse of the southern portion 
of the great steel cantilever bridge over the St. Lawrence river, near Quebec, 
on August 29, 1907, during construction, appears to have been due to the 
failure of a main compression member, “d 9 L,” in the anchor arm. This 
member. Fig 25, 57 feet long, was composed of four webs, each from 3V1} to 
3% inches thick (made up of four platos, about % inch thick, riveted together) 
and 4 ft 6 ins wide, provided with flange angles 6 X 8 ias and X 8 ins, 
and spaced’ as in Fig 25. and connected with each other by latticing of 
4*^ X 3" X %" and SVa" X 3" X %" angles on top and bottom, the angles 
being replac^ by Va inch batten plates for several feet at each end. The 
radius of gyration of the four webs alone, including the longer lera of the 
flange angles, acting unitedly, about the axis a h, i.s 19.5 inches. This gives, 
for entire section, acting unitedlv, L/r == 684/19.5 = 35.1. 

27. According to the stress sheet, this member was deNlgned Ia 
suNtain. in service : — 


Dead load 11,249,000 pounds 

Uve load 4,019,000 “ 

Dead and live load .15,268,000 '* = 19,710 pounds per sq inch. 

Wind + 7,370,000 “ 


26. For compression members where L/r is (as in this case) < 50, the 
Npecificatlon permitted a load, in pounds per square inch, of 
/. , minimum stress!* .• , - 

12,000 I I + — : — ) or, in this member, of 

' maximum stress f 

12,000 X 1.7317* ■= 20,780 lbs per square inch. 

29. Ttie member appears to liave HnMtained. at the time of 
its failure, an average pressure of about 12,500,000 780 = say 16,000 

lbs per square inch. 


* Min stress = dead load — min live load 

« 11,249,000 — 45,000 = 11,204,000. 

Uax stress — dead load + max live load + min live load 

11,249,000 + 4,019,000 + 45,000 - 15.313,000. 
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80. Each of the four webs, including the longer leg of its flange 
angle, has, about its own neutral ajtis, cd, a radius of gyration of only about 
1 inch, making its L/r > 650. For columns where L/r exceeds 50, the speci- 
fication ^lows a load of only 

(12,000 - 50t/r) (1 + 

^ ’ ' max stress/ 


which, if applied to one of these webs, would permit only a minuti load of 
some 35,000 lbs per square inch; but leliance was of course placed upon the 
angle latticing and upon the batten plates, to compel these four webs to act 
unitedly. 

31. After the collapse of the structure, however, this member was found 
bent into the shape of a letter S, and the deflection occurred at right angles 
to the planes of the four webs, or in that direction in which it would have 
occurred if the bracing had been omitted. “The failure of lower chord 
A 9 L is an example of an insufficient lattice system." (Report of (iuebec 
Bridge Commission.) 


in Eatticinf^. 

82. *‘The unsatisfactory nature of the column formulas is a matter 

of common knowledge among engineers, but the eoliimn f'ormulaK 
may be considered to represent exact science in conipari* 
son with the lattice Ibrninlas. Lattice formulas . ... fix, in a 
fashion, a value of the extreme fiber 8tre.ss in the lattice bar, but only tests 
and experience can determine whether these give economical and safe re- 
sults.” (Report of (iucbec Bridge Commis.sion.) 

33. The following approximate method (see communications front 
Prof. Clyde T. Morris, Ohio State University, Eng News, Nov 7, 1907, 
p 487, Feb* 27, 1908, p 44) assumes (1) that the diagram of moments, m thi 
columns, is a straight line, i e, that the increment of stress, per unit of length 
of column, is constant. This assumption makes the max stress, in the 
leaves, for a given max mom, less than it probably is; but, on the other 
hand, it is also assumed (2) that the stress, in the extreme fibers of the leaves, 
is uniformly distributed over the cross section of each leaf. This assumption 
(made because each jjortion of the leaf, between lattice connections, may 
deflect in either direction) makes the average stress greater than it is. 

. 84 . In a latticed (or “laced”) column, comjiosed of two leaves, Fig 26, 
let 

8 = max allowable unit comp stress in cross section of col 

=> max allowable unit comp stress in short blocks of the given ma- 
terial; 

P = max allowable total load on column; 

a “ area of cross section of column; 

p == Pla — max allowable avge unit comp stress, in cross section of 
col; 

L “• unsupported length of column; 

r — least radius of gyration- 

V => total stress transferred, by the lacing, from one leaf to the other 
= half diff of stress betw the two leaves- 

I -= distance within which V is transferred; 

«= y/i — increment of total stress, V, per unit of length of ool; 

w = dist betw rivet lines of lacing in the two leaves; 

9 angle betw lattice and axis of col; 

X ti) . cot 9 longitudinal spread of one lattice bar ; 

rt *= number of lattice bars in each lattice panel; 

vx/n =* increment of stress, within x, in one lattice bar: 

c « coeff in straight-line col formula p = « — c L/r; 

« a small stress, of the same kind with «; 
p total longitudinal stress in one lattice bar. 


♦ See foot-note ♦, p 1202. 
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35. Then 

V - (8 ~ p) (0/2) 

“ difF of unit stress X area of one leaf (1) 

» - F/Z » (8 - p) o / 2f (2) 

- — 8 + c a/2 Z = c L a / 2Z (3) 

vx/n •* vu)cot d/n....» (4) 


Pl 


(v x/n) sec 4 = — 


w 

■ sin 0 


c L a to 
2 Z r 71 * sin d 


.(5) 


36. In pin-end and round-end colfi. the elastic curve is a 
simple one, and we have, for the dist, Z, within which V is transferd, 
I = L/2; and L / 2Z = 1. 

In Nqnare-end an<l lixt-end cola, the curve reverses, with two 
points of contrary flexure ; and we have : Z »» L/4, and L f 2l - 2. 


fienoe: 


with ronnd ends, P, =» 

^ r 71 Bin 0 


.( 6 ) 


with square ends, Pj^ 


2 c a ^ 

r 71 ‘ sin ® 


(7) 


37. The following approximate method (see W. €. Armstron|^, 
Westn Soc of Engrs, Journal. June 1908, p 337) gives the total stress, 
in one lattice bar, when the col Is equally liable to fall In either 
directhm. 

It is assumed that the tie plates carry 1/4, and the lacing 3/4, of the shear 
between the leaves. Let 
d = depth of leaf ; 

I = mom of inertia of cross section ; 

Af =» 2 8 I /d = resisting mom against bending in either direction ; other 
symbols as in *|1 34. 


33. Then 

V =■ M I w = 2 8 I / d w 

r - y / Z = 2 8/ f dwl 

V X I n =* 2 8 1 X f dw I n — 28 / cot 0 I din 


3 yjc 

4 * 71 


1.5 8 ^ 
d Z 71 sin 9’ 


With round ends, Z => L/2 ; and Pj^ 


_ 3 8 /_ 
d L n sin 9 


.( 1 ) 

(2) 

.(3) 

.(4) 

.(5) 


With square ends, Z => L/4 ; and Pj^ 


68 / 

d L 71 sin 9' 


(6) 


39. Supposing the lattice members themselves to be sufliciently strong, 
the integrity of the lattice system is still limited by the po^ibility 
of rivet-Mlip, the resistance to which, at any joint, is — No. of nvets X 
rivet section area X unit frictional resistance of rivets. 

Prof. J. B. Johnson (Materials of Construction, pp 526-7) gives 12,000 
Ihs per sq in of rivet section as the frictional resistance for steel rivets; 
10,000 Ite for iron rivets. 

40. The slsc and strenicth of the pin used have an appre- 
ciable effect on the results obtained, but the amount of this effect has not 
been determined.” (Report of Quebec Bridge Commission.) 

41. <>*4 compreeiAion member, of usual design and dimensiona 
cannot be expected to develop an ultimate strength much greater than about 
half that of a tension member made from the same material.” Ihid. 
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PENCOYD FLOOR SECTIONS. 

L « span, in feet. P 

C — coefficient. W — 

W = distributed load, in fts, per foot of floor width. ^ 


CormiraUnl floorinfp, for bridges and buildings. 

W = load producing fiber stress of 16,000 ffis per square inch. 


SECTION 210 M. 
Dimensions in inches. 




Thickness, inches. 
Web. Flange, 

i i to| 

A |tof 

I ftoi 


Weight, 
lbs per sq ft. 
20.0 to 30.7 
26.5 to 37.2 
29.4 to 40.1 


C 

105.000 to 186,000 

143.000 to 224,000 

153.000 to 237,000 


Z Bar Flooring. 

W » safe load. 



Section 

No. 


1 

3 


Dimensions, 
in inches. 
ABC 
15 6 9 


, Thickness, ins. 
Z bars. Plates. 



18 



A A 


8 


21 9 12 



|tot 


Weight, 
lbs per sq ft. 


{ 

{ 

{ 


26.9 to 36.1 
29.1 to 39.3 
32.3 to 42.6 


32.1 to 42.3 

35.2 to 45.4 
38.4 to 48.6 

39.3 to 49.5 

42.4 to 62.6 

46.5 to 66.7 


C 

93.400 to 147,400 

104.000 to 167,000 

114.400 to 167,000 

143.000 to 209.400 

165.000 to 221,400 

166.400 to 233,000 
2a3,400 to 281,000 

217.400 to 294,000 

231.000 to 807,200 
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WEIGHT AKTO STRENGTH OF IRON CHAINS. 


Table of Atren^rth of cliaiiiN. 

Chains of superior iron will require '/^ to }/^ more to break them. (Original.) 


Diara of rod 
of winch 
the bilks 
are tn.ulc. 

Weight 
of chain 
per ft 1 uii. 

Breaking strain 
of tlio chum 

DUm of rod | 

' of which 1 
the links , 
are nnulc j 

Weight 
of chain, 
()cr ft run. 

Breaking strain 
of the chum. 

Ins 

Pds. 

Pds. 

Tons 

Ins. 

Pds 

Pds. 

Tons. 

3-16 

.8 

1731 

.773 

1 

10.7 

49280 

22 00 

H 

.8 

3069 

137 


12..T 

59226 

26 44 

5-lG 

1. 

4794 

2.U 

Hi 

16. 

73114 

32.64 

% 

1.7 

6922 

3.09 

1% 

18.3 

88.301 

39.42 

7-16 

2. 

940S 

4.20 

vZ 

21.7 

10.')280 

47.00 

% 

2.5 ' 

11320 

5.50 

Hi 

26. 

12.3.514 

65.14 

^16 

3.2 

15590 

6.96 

iS 

28. 

1 14.3293 

63 97 

% 

4.3 

19219 

8.68 


32. 

164505 

73 44 

11-16 

6. 

23274 

10..39 

2 

38. 

187152 

83 5.5 

H 

5.8 

27687 

12.-56 

2'4 

54. 

224448 

100.2 

1.1 16 

6.7 

32301 

14.42 


71. 

277088 

12 : 4.7 

% 

8. 

376.32 

16.H0 

2^ 

88. 

3^5328 

149.7 

l.>-;6 

9. 

43277 

19.32 

;r 

105. 

398944 

178.1 


The linkA of ordinary iron chains are usually made as short as is consistent 
wiih easy play, in order that they may not become bent when wound aiound 
drums, sheaves, Ac.; and that they may be more easily handled in slinging 
large blocks of stone, Ac. U. S. (iovernment experiments, 1878, prove that 
studs weaken the links. 

When so made, their weight per foot run i.s quite approximately 8% times that 
of a single bar of llio round iroti of which they are composai. Since each link 
consists of two thicknesses of bar, it might be supposed that a chain would 
possess about double the strength of a single bar; but the strength of the bar 
iK'conies reduced alwut 30 per cent, by lieing formed into links ; so tlia* the chain 
has but about 70 per cent of the strength of two bars. As a thick bar will not 
suHtain as heavy a unit stress as a thinner one, so of course, stout chains are 
proportionally weaker tlmii slighter ones. In the foregoing table, 20 tons 
Iter square inch, is assumed as the average breaking strain of a single straight 
bar of ordinary rolled iron, 1 inch in diameter or 1 inch square; 19 tons, from 
1 to 2 Inches ; and 18 tons, from 2 to 3 inches. Deducting 30 per cent from each, 
we have as the breaking strain of the two bars composing each link, as follows: 
14 tons per square inch, up to 1 inch diameter ; 13.3 tons, from 1 to 2 inches • and 
12.6 tons, from 2 to 3 inches diameter; and upon these assumptions the table is 
Imsed. The weights aie approximate; depending u{ion the exactness of diameter 
oi the iron, and shape of link. 
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TIN AND ZINC. 


TTS AKD SEINC. 

The pnre metal is called block tin. When perfectly pure, (which it 
rarely is, beitig purposely adulterated, frequently to a large proportion, with the 
cheaper metals lead or zinc,) its sp grav is TJ2S; and its weight per cub ft is 455 fi)8. 
It is sufBciently malleable to be beaten into tin foil, only of an inch thick. 
Its tensile strength is but about 4600 lbs per sq inch ; or about 7000 fi)s when made 
into wire. It melts at the moderate temperature of 442° Fah. Pure block tin is 
not used for oommon building purposes : but thin plates of sheet iron, covered with 
it on both sides, constitute the Hnnt4 plaits, or, as they are called, the Hn, used for 
covering roofs, rain pipes, and many domestic utensils. For roofs it is laid on boards. 

, The KheeU 
oftin are uni- 
ted as siiown in 
this fig. First, sev< 
eral sheets are 
Joined together in 
„ the shop, end for 

y end, as at ft; by 

being first bent 
over, then ham- 
mered flat, and then 
soldered. These are 
i I then formed into a 

; i roll to be carried 

to the roof; a roll 

being long enough to reach from the peak to the eaves. Different rolls being spread 
up and down the roof, are then united along their sides by simply being bent as at a 
and «, bv a tool for that purpose. The roofers call the bending at s a double groove, 
or double lock ; and the more simple ones at t, a single groove, or lock. 

To hold the tin securely to the sheeting boards, pieces of the tin 3 or 4 ins long, 
ay 2 Ins wide, called cleats, are nailed to the hoards at about every 18 ins along the 
Joints of the rolls that are to be united, and are bent over with the double groove s. 
This will be uiiderst<M)d from y, where the middle picH^o is the cleat, before being 
bent over. The nails should t>e 4-ponny slating nails, which have broader heads 
than common ones. As they are not exposM to the weather, they may be of plain iron. 

Much me Is made of what is called leaded tin, or ternee« for roofing. It ii 
^mply sheet-imn coated with lead, instead ot the mure costly metal tin. It is not 
as durable as the tinned sheets, lint is souiewhat cheaper. 

The best plates, liotli for tinning and tor ternes, are made of charcoal iron ; which, 
being tough, bears bending better. Coke is used tor cheaper plates, but iufei ior as 
regards bending. In giving orders, it is important to specify whether charcoal 
plates or coke ones are required ; also whether tinned plates, or temes. 

Tinned and leaded sheets of Bessemer aud other cheap ateelf are now much used. 
They are sold at about the price of charcoal tin and terne plates. 

There ara also iti use for roofing, certain compound metals which resist tarnish 
better than either lead, tin, or zinc; but which are so fusible as to be liable to be 
melted by large burning cinders falling on the roof from a neighboring conflagration. 

A roof covered with tin or other metal should, if possible, slope not much lest than 
five degrees, or about an inch to a foot; aud at the eaves there should be a sudden 
fall into the rain-gutter, to prevent rain from backing up so as to overtop the double- 
groove Joint s, and thus cause leaks. Where coal is used for fuel, tin roofs should 
receive two coats of paint wlieu first put up, and a coat at every 2 or 3 years after. 
Where wood only is used, this is not necessary; and a tin roof, with a good pitch, 
will last 20 or 30 years. 

Two good workmen can put on, aud {mint outside, from 250 to 300 sq ft of tin roof, 
per day of 8 hours. 

Tinned iron plates are sold by the box. These boxes, unlike glass, have not equal 
areas of contents. They may be designated or order^ eitiier b) their names oi 
Sixes. Many makers, however, have their private brands in addition ; and some of 
these have a much higher reputation than others. 
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TuMe of Tinned and Terne Plate*. 

Cantion. — Boxes often contain considerably less weight of tin plate than tha 
table requires; the plates being rolled thin and plated thin, in order to enabla 
mechanics to get pay for more material than they fnrtiish. 

The inarhs iiidicati' the tUickuesaes, approximately as follows: 



Number 


Lbs 

per aq ft. 


Number 


Lbs 

per sq ft. 

Mark. 

Birniingham 
wire gauge. 

Ins. 

Mark. 

Birmingham 
wire gauge 

Ins. 

TG 

so 

.012 

.48 

DC 

27 

.016 1 

.64 

IX 

28 

.014 

.56 

DX 

25 

.020 1 

.80 

IXX 

27 

.016 

.64 

DXX 

23 

025 

1 00 

IXXX 

26 

.018 

.72 

uxxx 

22 

.028 

1.13 

IXXXX 

25 

.020 

.80 

DXXXX 

21 

.032 I 

1.29 


Size, 

Inches. 

Mark. 

No. of 
sheets 
iu a box 

Weight 
per box, 
pounds 

Size, 

inches 

Mark. 

c S.S 

a 

»J'i 

5 

Size, 

inches. 

Mark. 

No. of 
sheets 
In a box 

iil 

^11 

»X 18 

1C 

225 

i:«) 

13 X 1.3 

IXX 

223 

194 

16 X 16 

IC 

2‘25 

203 


IX 


162 

13X26 

1C 

112 

145 

4* 

IX 

44 

256 

10 X 10 

10 


80 


IX 


169 

*4 

IXX 

44 

294 


IX 


100 


IXX 


194 

16X 19 

IX 

112 

152 

10 X 14 

1C 


112 

14X14 

IC 

225 

136 

17 X n 

IX 

4* 

14) 


IX 


140 

•4 

IX 

•4 

196 


IXX 

•4 

166 


IXX 

<1 

161 

44 

IXX 


225 

17X25 

DX 

100 

252 

44 

IXXX 


182 

44 

IXXX 

4* 

254 

4» 

DXX 


294 

<4 

IXXXX 


•20.1 

14X20 

IG 


112 

18X18 

IX 

112 

162 

lOX 20 

IC 

44 

160 


IX 


HO 


IXX 


180 


IX 

•4 

200 

44 

IXX 

^2 

161 

*4 

IXXXX 

4 ' 

235 

11 X 11 

10 

<4 

97 

*4 

IXXX 


182 

20 X 20 

IX 

*4 

200 


IX 

44 

121 

♦4 

IXXXX 

4* 

203 

4* 

IXX 


230 

11 X 22 

IC 

112 

97 

14X22 

IX 

44 

154 

4* 

IXXX 


260 


IX 

44 

121 


IXX 


177 

4* 

IXXXX 


290 

“ 

IXX 

44 

139 

14 X 24 

IX 


168 

20X‘28 

IG 


224 

12X12 ' 

1C 

2-25 

112 


IXX 


193 


IX 


280 


IX 

si 

140 

14X25 

IC 


140 

*4 

IXX 


322 

II 

TXX 

44 

161 


IX 

44 

175 

4* 

IXXX 


.364 

12 X 24 

IC 

112 

115 

“ 

IXX 


201 

** 

IXXXX 


406 


IX 


144 

UX 26 

IXXX 


237 





•1 

IXX 

4 

166 

14 X 28 

IG 

41 

157 





•1 

IXXX 

4 * 

187 


IX 

*4 

196 

Terne Plates. 

nn X 17 

DC 

100 

98 


IXX 

«4 

225 






DX 


120 

14X30 

IXX 


241 

10X20 

IG 

Ilf 

80 


DXX 


147 

14X31 

IX 


1 217 


IX 


100 


DXXX 

4i 

168 


IXX 


249 

14X20 

IC 


112 


DXXXX 

44 

189 

15X15 

IX 

225 

225 

4 * 

1 IX 

•4 

140 

13 X 13 

10 

225 

1.45 


IXX 

*4 

259 

20X28 

lie 


224 


IX 


169 

** 

IXXX 

** 

1 326 

“ 

1 IX 


280 


Sheet* of larger alee mar he made to special order; those of tinned Iron, In England; but leaded 
terues arc made In Pbihida also, and elsewhere 

A box of ‘225 sheets of \3% b? 10 contain* 214.a4 sq ft, but, allowing for overlapping, U will cover 
but abou* 150 aq ft of roof; even without any allowanos for the waste which occurs iu cutting away 
’jortions in order to flt at angle*, Ac. 

'I o find the area of roof covered by any sheet, first deduct 2 ins from Its width, and 1 inch from its 
length. 

Kinc, in *heet«« and laid in the same manner as slates, is much used in some 

part* of Europe for roofing. By exposure to the weaiher, it soon becomes covered by a thin film of 
white oxide, which protects it from further injury, and renders the roof very durable. Corrugated 
sheet zino is aNo used. Sec Galvanized Sheet Iron. . 

Zinc sheet* are usuallv about 3 ft by 7 or 8 ft. The gauge differs from that of iron ; thus No 13 is 
-032 of an inch thick, or 1 22 Ib* per sq ft; No 14 - .035 inch, aid 1 35 fts; No 15 = .042 inch, and 
1 40 Ih* , No fi; = 049 inch, and 1.62 D)* per sq ft. Any of these numbers may be used on roofs, for 
which purpose it should be very pure. 

Water kept in ainc vesnel* is said to become injurious to health; and 
recently an nutcrv has ou that account arinen against gslvaiilzed-iron service-pipes in dwellings. 
Tfet such have heen in use for many years iu New England, Phllada, and elsewhere, without as yet 
deleterious effects, Tl.is is possibly owing to the fact that service-pipes being short, the waiei 
Is usuHlU all drawn through them several times a day ; and hence does not remain in OTntact with 
the zinc or lead long enough to acquire a poisonous charnoier. In taking possession of a bouse iB 
»hioh the water has remained stagnant in the service pipes for some considerable Ume, euob wat«( 
aJl be run to waHte ; otherwise Hickneoii may ct'iue from its use. 


43 
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WEIGHT OP METAL8. 


IU»of copper is usually in sheets of 2J4 feet X B feet; or square fee«» 
weiKliing 10 to 14 flJs per sheet ; and is laid on boards.* No solder is used in the 
horizontal joints as it is in tin roofs; but both the horizontal and the sloping 
joints are formed by only overlapping and bending the sheets, much as shown 
by the fins on pape 1208; except that the horizontal joints are bent or locked 
Kwether, and then flattened down close. 

Sheet lead. List of Htandard welg^lite in fiis per square foot. Thick 
nesses Isi decimals of an inch. 


Weight of metal Balls. 


BT =B Weight of ball, in iKninds. II = Diameter of ball, in inches. 

Lead =- (70« lbs pm euh ft) W ^ 0.212106 D-‘ ; log W ^ 1.226 5529 + 3 log D 
Copper = (550 lbs per cub ft) W O 166655 D'’ ; log W - 1 .221 8176 + 3 log D 
Brass = (500 lbs per cub ft) W 0.151504 D** ; log W = f.lSO 4249 + 3 log D 
Steel and ) , _ 

Wrought j- - ^ ft) ^ = 0.146959 D-f ; log W ^ 1.167 1966 + 3 log D 

Son } - (^50 tt)3 per cub ft) W = 0.136354 ID ; log W .134 6674 + 3 log D 

For steel, wrought Iron and cast iron balls, see also tables, pp 
875 and 877. 


Lead Pipe. 
Standard Maes. 



Lead service pipes for single dwellings in Philadelphia are usually of from 
^ inch bore, wt 1 to 2^ lbs; to% inch bore, wt to 8 lbs per ft run, according 
to head. They rarely hnrst trom sodden closing of stopcocks ; bnt sometimes 
do so from the freezing of the contained water. 


*To which it Is held by copper cleats; as at Fig y, page 1208. 
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ROLLED LEAD, COPPER, and BRASS t Sheeta and Bara. 


rhiokncsH 

or 

Slainoter, 
or Niile, 
in 

Tnohos. 

LEAD. 

COPPEB. 

BRASS. 

Thioknes 

or 

Diatuetei; 
or side, 
in 

Inches. 

Sheets, 

per 

Square 

Fuut. 

Square 
liars ; 

1 Foot 
long. 

Itound 

Karii; 

1 Foot 
long. 

Sheets, 

per 

Square 

Foot. 

Square 

liars; 

1 Foot 
long. 

Ronnd 

Bars; 

1 Font 
long 

Sheets, 

per 

Square 

Foot. 

Square 

Bars; 

1 Foot 
long. 

Round 

Bara; 

1 Foot 
long. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

l.bs. 

Lbs. 

Lbs. 


l-:(2 

1.R6 

.005 

.004 

1.44 

XK>4 

.003 

1 36 

.004 

.003 

1-82 

1-16 

.3.72 

.019 

.015 

289 

.015 

,012 

2.71 

.014 

.011 

1-16 

■1 32 

5. >8 

.044 

.034 

4 33 

.034 

.0-27 

4 06 

.0.32 

.025 

8-32 

% 

7.U 

.078 

.061 

5 77 

.060 

.017 

5 42 

.056 

J}44 

K 

5 32 

9 30 

.121 

.095 

7 20 

.094 

.071 

6 75 

.088 

.069 

5-33 

3 16 

11 2 

.174 

.137 

866 

.135 

.106 

8 13 

.127 

.100 

8-16 

7 .12 

13 0 

.237 

.187 

10 I 

.184 

.141 

9 50 

.173 

.136 

7-32 


U9 

.310 

.244 

11 5 

.240 

.189 

10 8 

.226 

.177 

K 

5 16 

18 6 

.485 

.381 

14 4 

.376 

.295 

13 5 

.858 

.277 

5 16 

% 

22.3 

.698 

.618 

17 3 

.541 

.425 

16.3 

.508 

.399 

M 

7-16 

26 0 

.950 

.746 

20.2 

.736 

.578 

19 0 

.691 

.541 

7-16 


29 8 

1 24 

.974 

23.1 

.962 

,7.-.5 

21.7 

.603 

.7(y) 

H 

9 16 

33 5 

1 57 

1.23 

26.0 

1.22 

.9.'»5 

21.3 

1.14 

.900 

9-16 

% 

37.2 

1.94 

1 52 

289 

1..<t0 

1 18 

27 1 

141 

I 11 

H 

11 16 

10 9 

2 34 

1.84 

81.7 

1.82 

1 11 

29 9 

1 70 

1 31 

11-16 

H 

41 6 

2 79 

2 19 

31 6 

2.16 

1 70 

32 5 

2.a3 

1 60 


l.H-16 

48.3 

8 27 

2.57 j 

37 5 

2 55 i 

1.99 

35 2 

288 

1 87 

13-16 


62.1 

8 80 

2 98 

404 

2 94 

2 11 

37 9 

2 76 

2 17 

K 

* I.tIB 

560 

4 37 

8.42 

4.3.3 

8 38 

2 65 

40 6 

8 18 

2.49 

15-16 

I. 

69.6 

496 

8.90 i 

46 2 

8 85 

8 02 

43 3 

8.61 

2 84 

1. 

IH 

669 

6 27 

4 92 

52 0 

4 87 

3 82 

48.7 

4.57 

8 60 

IK 


74 4 

7 75 

6 09 

67 7 

6.01 1 

4 72 

54 2 

5.64 

4.43 

IK 

IH 

fil.8 

9 87 

7 37 

63 5 

7 28 

5 72 

59 6 

6 82 

6 87 

)H 

m 

B93 

1) 2 

8 77 

69.3 

8 65 j 

6 HO 

65.0 

8 12 

6 38 

IK 

\H 

96.7 

13 1 

10 3 

7'>.l 

10 2 ' 

7 98 

70 4 

6 53 

7.49 

IK 

IH 

104. 

H 2 

11 9 

808 

11 8 { 

9 23 

7.5 9 

11.1 

8 68 

IH 

IK 

112 

17 .5 

13 7 

w;6 

13 5 

111 6 

81 .1 

12.7 

9 97 

IK 

3. 

119. 

19.8 

15.6 1 

92 3 

1 

12.1 

86 7 

114 

11.3 

2. 


Seamless brass tnbes. Principal sizes Extras, in cents per pound, 
over base price. For base price, see price list. 

Copper tubes, 8 cents per pound extra. 


Thickness. 


Outer Diameter, inches. 


Stubs 

gage. 

Ins. 


y2 

1 


2 

8 

4 

5 

6 

7 

TH 

4 

0.238 


12 

6 

8 

1 

1 

2 

8 

9 

13 

18 

11 

0.120 


l< 

ti 

14 

44 

|4 

46 

«« 

4( 

« 

88 

16 

0.065 


13 

8 

4 

4 

4 

7 

11 

15 

19 

24 

18 

0.049 

40 

15 

9 

6 

6 

7 

11 

16 

19 

2ii 

28 

M 

0.035 

43 

18 

18 

10 

9 

11 

15 

19 

23 

27 

82 

22 ] 

0.0295 

50 

21 

16 

16 

13 

16 

20 





26 

0.0230 

65 

28 

22 

24 


j 
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METALS. 


AverHjfe ultimate touHlle strength of Metals. 


The ultimate t^usile or pulliu); load per square inch of uriy 
material is frequently called its constant, coejjictmt, or modulus ot 
tension, or of tensile strength. 


Antimony, cast 

Bismuth, cast 

Brass, cast 8 to hi tons, .say 1«0(»0 to 2UOot) ttis 

** wire, unannealetl or hard, 80000. Annealed 

Bronze, phosplior wire, hard, IdOOUO. AnnealiH^l 

Copiier, cast 18(t(HI to 30000 

“ sheet * 

“ bolts, 28000 to 38000 

“ wire (annealed 16 tons) ; unannealed 

Gold, cast 

wire, 23000 to 30000 

Gun metal of copper and tin, 23000 to .53000 

“ “ cast iron, G. S. ordnance, 36000 »o 40000. 

Iron, cast, English 13400 to 22400 

“ “ ordinary pig.. 13000 to 16(KM) 

American cast iron averages one>fourLh more than the above. 
Average cast iron, when sound, stretches about .00018 ; or 1 part 
iu 553.5 of its length or % inch in 57.0 ft. lor every ton of ten- 
sile strain per sq inch, up to its elastic limit, whien is at uhout 
its break-strain. The extent of strelehiiig, however, varies 
much with the quality of the iron , as in wrought-iroii. 

Cast, malleable, annealed, 18 to 25 tons 

Iron and Steel, rolled. — See pp 751 to 7.54,1160 to 1156, 

Lead, cast, 1700 to 2400 by auihoi ... 

“ wire, 1200 to 1600. Pipe 1600 to 1700 “ 

Platinum wire, auneHled, 32000. Uuaiiiiealed 

Steel and Iron, rolled. — St^J pp 751 to 751,1150 to 1166. 

Silver, cast 

Tin, English block 

“ wire 

Zinc, cast ...3000 to 3700 ; (the last by autboi ) 


rounds 

per 

sq inch. 

Tons 
per 
sq m. 

1000 

.46 

3200 

14 

23500 

105 

4‘JUOO 

22 

63000 

28.1 

24000 

107 

30000 

13 4 

33tK)0 

14.7 

60000 

26.8 

20000 

8.9 

27500 

12 3 

30000 

17.4 

38000 

17 

17000 

8 

14500 

6.47 

48160 

21.5 

2050 

0 02 

16.')0 

0 74 

56000 

25 

41000 

18 3 

4()00 

2 0 

7000 

3.1 

3.!50 

1.5 


Largo bars of molal bear less jier sq inch than small ores. 

Iron harm ro-i*ollo<l oold have tensile .strength increased 25 to 50 per 
ct, witli no increase of density. They are said to lose this strength if reheated. 


The use of lead in masonry Joints. See pp634 and 1213. Under 
pressures usually less than the crushing stress of the stone, the lead flows later- 
ally, and, by means of its friction with tlie stone, exerts, upon the latter, a tear- 
ing action normal to the pressure and tending to split the stone into prisms 
whose axes form slight angles with the line of pressure. This of course greatly 
weakens the stone. 
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Sheet lead is sometimes placed in the Joints of stone col- 
nmnSy with a view to equalize the pressuni, and thus increase the strength of 
the column. But experiments have proved that the effect is diiectly the reverse^ 
and that the column is materially weakened therehy. See pp 634 and 1212. 

Averl^pe crnshiiiK: load for Kfetals. 

It must be remembered that these are tlie loads for pieces hut two or three 
times their least aide in height. As the height increases, the crushing load 
diminishes. 


Poundn per Tons |)er 

sq inch «q. inch. 


Cast Iron, usually 

ItiH usually aHHiinied Ht 100000 tbs, or saj 45 tons per sq inch Its 
crushing strength is uauiilly from 6 to 7 limes as great as its tensile 
Wuhiu Its lu erage elastic limit of about 15 ions |k;. mi iiici. inciige 
cast iron shurtcus about 1 part in 5.155. or % inch in ,ie li i ciicti 
ton per sq inch of load . or about twice as much as average wrought 
iron Hence at 15 ions per sq inch it wHI shorten about 1 part in .170; 
•r full % inch in 4 te«t. Different cast irons may lioweter vaiy 10 to 
15 per ot eithei way from this. 

IJ. S. Ordnance, or gun metal : Some 

Wroiiichf. iron, within elastic limit 

Its elaatlo limit under pressure averages about 1.4 tons per sq inch 
It begins to shorten perceptibly under 8 to 10 tom. but recovcis wheu 
the load is t emn vimI. With from 18 to 20 tons, itshortens permanentt]/. 


85000 to 12.5000138 to .56 


175000 

22400 to 3,5840 

2i»120 


78.1 

10 to 16 

13 


about g^th part of its length ; and with from 27 to 30 tons, about j^-gth 
part, as averages The crushing weights therefore lU the table are 
not those which absolutely mash wrought iron entirely out of shape, 
but merely those at winch it yields too much for most practical build- 
ing purposes. About 4 tons |>er sq Inch is considered lU average safe 
load, in pieces not more than lOdlams long; and will shorten it H inch 
u 30 ft. aveiage 

BrHHS, reduced y\jth part in length, by 51000; and 34 by . 

Copper, (cast,) crumbles 

(wrought) reduced Mth part In length, by , 

Till, (cast,) reduced jVth in length, by 8800; and % by - 
Lend, (cast,) reduced % of ita length, by 7(K)0to 7700.... 

" By writer A piece finch sq, 2 ins high, at 1200 lbs the com- 
pression was 1-200 of the ht, st 2000, 1-29; at 3000, 1-8, at 
5000, 1-3 ; at 7000, 1-2 of the bt. 

Spelter or Zinc, (cast.) By writer. A piece 1 inch 

square, 4 ins high, at 2000 lbs was compressed 1-400 of its ht ; at 4000, 
1-200 , at 8000. 1-100 , at 10000, 1-H8 , at 20000, 1-15 , at 40000 yielded 
rapidly, and broke Into pieces. 

Hteel, 224000 lb.s or 100 tons shorten it from .2 to .4 part. 

" American. Black Dlamcud steel works, Pittsburg, Penn, 
experiments by I.ieui W. H. Shock. U. S N., on pieces H in 
square . and 3>j ins, or 7 sides long. 

'• Untempered. lOOlOO to 104000 • • 

“ Heated to light cherry red, then plunged into oil of H2<^ Fah, 

17320010 11W200...: 

“ Heated to light oherry red, then plunged Into water of 79" i 
Fah ; then temi»ered on a heated plate, .425400 to 340800.. . , 
" Heated to light oherry red, then plunged into water of 79° 1 

Fah. 275600 to 400000 

" ElHMiic limit, 15 to 27 tons 

“ ComprcNNion, within das limit averages abt 
1 part in 13300 or .1 of an Inch in 111 ft per ton per sq inch ; 
or .1 of an inch In 5.3 ft undei 21 tons per sq inch. 

Best Steel knife edjces. of large R R weigh scales 
are considered safe with 7000 lbs pres per lineal Inch of edge; and 
solid cylindrical steel j*ollePW_uiidcr bridges, aud 
roMniff on steel safe with V'diani in ins X 3 >00 (MK). In lbs per lineal 
inch of roller iiwsllel to axis. And per the same, for 


.16,5000... 

.117000... 

.io:u)oo... 

...15.500.,, 


.102050. 

.186200, 

..3:4:1100. 

,.3:47KlO 

...47040. 


73.6 

62.2 

46.0 

6.92 

3.28 


46.5 

83.1 

148.7 

150.8 

21 


Solid CMt Iron wheeU rolling on wrought iron , Diam ins X 352 000. 


cast iron, V^Diam ins X 2^ 222. 


SoUd Steel fteeb ins X 1 800000. 

.. .. .. •• •• wroughtlron, p'DIamins X 1024000^ 

•• .. <1 “oast iron, )/ Diam Ins X ^ 000. 

From •• Speolfleations for Iron Drawbridge at Milwaukee,” by Don J. Wblttomore, 0. B. 
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STONE, ETC. 


A¥ora|fe ultimate tensile strenfftbs of Htone, etc. 


The itrengih)) in all theae 
ablen majr readily be one-third 
>art more or Ini than our 
irerages. 

Pounds 

per 

sq. inch. 

Tons 
per 
sq. ft. 


Pounds 

per 

sq. inch 

Tons 
per 
sq. ft 

Brick, 40 to 400 

220 

14.1 

Marble, strong, wh.ltaly.* 

1034 

66.5 

Caen stone, 100 to 200 

150 

9.7 

“ Chaniplain.varie- 


1 




gated • 

1666 

107.1 




“ Glenn’s ril8.N.Y 






blk,* 750101034 

892 

67.4 




“ Montg’y CO, Pa, 






w^y * 

1176 

76.6 




“ “ white*... 

734 

47.2 




“ Lee,Ma8B.white.* 

876 

56.3 

Cement an«l concrete, 



“ Manchester, Vt,* 



see article^, Cement 



660 to 800 

676 

43.4 

and Concrete. 



“ Tennessee, varie- 






gated* 

1084 

66.6 


1 


Oolites, 100 to 200 

160 

9.7 




Plaster of Paris, well set. 

70 

4.6 




Rope, Manilla, best 

12000 

771 

Glass, 2500 to 9000 

i 5750 

■ 389.6 

“ hemp, best 

16(HHi 

966 

Glue holds wood together 



Sandstone, Ohio*... 

105 

6.76 

with from 300 to 800... 

550 

Sfi 

“ Picton, N. S* 

434 

27.9 

Horn, ox 

9000 

579 

“ Conn, red.*.... 

690 

37.9 

Ivory 

16000 

1029 

SIn.t.a T.fibiph * 

2475 

169.1 

Leatner belts, 1500 to 



“ Peach bot’in,* 3025 



6000. Good 

3000 

193 

to 4600 

3812 

246.1 

Mortar, common, 6 raos 



Stone, Ransome’s artlf ... 

300 

19.3 

Old, 10 to 20 

15 

.96 

i Whalebone 

7600 

489 


* By the author’s trials witin one ol Biehit’s teeting machines Sections 

faniaolM Ml 
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Ultimate average cranhing loads in tons, per square 
foot, for stones, Ac. The stones are supposed to bp on bkd, and the heights 
of all to bo from 1.6 to 2 times the least side Stones generally ut'gin to crack or 
split under about oue-half of their crushing loads. In practice, neither stone nor 
brickwork should be trusted with more than Ys to y^jjth of the crushing load, ae* 
cording to circumstances. Wlien thoroughly wet some absorbent sand- 
stones lose fully lialf tlieir strength. 


1 ton (2240 lbs.) per 
sq fl. — 16.65 lbs. 
per S(|. nicli. 

(Jniiiiles and Syenites. 

basalt 

ljunestones and Mar- 
bles * 

Oolites, good 

llrownstone • 
(bnnectieut — 


“building”.. 
“ Bridge ” 


Brick* 

Bnekwork, ordinary, 

cracks with* 

Brickwork, good, in ce-| 

incut* 

Brickwork, tirst-rate,| 

in ocnicnt 

Slate 

Oacn Stone 

“ “ to crack 

Chalk, hard, 

Plastei ol Paris, 1 day' 
old 


fous per 

Mean. 

1 1 ton (2240 lbs.) per L, 1 

BQ. ft. = 15.55 lbs. lT(*n.sper 

Mean. 

sq. it. 

Tons. 

' {lersq. inch. 

.sq. It. 

Tons. 

.300 to 1260 

750 

Cement, Portland, 




700 

neatjU. S. or foreign, 





7 days in water 

75 to 1.50 

112.6 

2.50 to 1000 

625 




100 to 250 

175 

neat, 7 days in water 

15 to 30 

22.5 



Concreleof‘l*4»rf. 





cement, band, and 



570 to 976 

775 

gravel or brok stone 

1 1 


400 to 630 

535 

in theproper propor- 
tion.s, rammed 1 m old 

12 to 18 

15 

40 to 300 

170 

6 mouth.s old 

48 to 72 

60 



12 months old 

74 to 120 

97 

20 to 30 

25 

With good 4>oinnion 





hyd cements. 



30 to 40 

35 

abt .2 to .25 a.s much 





Coignet heton, 8 



50 to 70 

60 

months old 

100 to 150 

125 

400 to 800 

6(M) 

Bubble miusuniy, 



70 to 200 

135 

mortar, rough 

1 1510.3,5 

26 


70 



20 to 30 

25 

11 flinr. 

',1300to2300 

1800 



or 8 times that of granite 


40 

nice, flrmt 

1 12 to 18 1 16 


Urnfihtngr height of Brick and Atone. 

If we assume the wt of oi (Unary brickwork at 112 lbs per cub ft, and that it would 
crush under 30 tons per sq ft, then a vert uniform column oi it 600 ft high, would 
crush at its base, under its own wt. Caen stone, weiglmig 130 11)8 per cub ft, would 
reiiuirc a column 1376 ft high to crush it. Average sandstones at 14.6 lbs per cub ft, 
would require one 4158 ft high; and average granites, at 165 lbs per cub ft, one 
of «1 4.6 feet. But stones begin to crack and splinter at about half their ultimatu 
crushing load; and in practice it is not considered expedient to trust them with more 
than %t\i to ^th part of it. especially in Important works; inasmuch as settlements, 
and imperfect workmanship, often cause undue strains to be thrown on certain 
parts. 

The Merchants' shot-tower at Baltimore is 246 ft high ; and Its liase sustains 6^ 
tons per sq ft. The base of the granite pier of Saltash bridge, (by Brunei,) of solid 
masonry to the height of 96 ft, and supporting the ends of two iron spans of 466 ft 
each, sustains 9)4 tons per sq ft. The base ol a brick chimney at Glasgow, ^otland, 
468 ft higii, bears 9 tons per sq ft; and Professor Rankine considers that in a high 
gale of wind, its leeward side may have to liear 15 tons The highest pier of Roeque- 
favour stone aqueduct, Marseilles, is 305 ft, and sustains a pressure at base of 
tons per sq ft. 

• Trials at At. Lonis bridge, by order of Capt James B. Eads, a B, 

“lutwed tiiat soue xnaitnoMlaa limestone did not yield under leu than 1 100 (one per eq ft. A oolnmn 
S Ine high, % Ini dUm, ebortened 0 00,-5 Inch under pressure; tad recovered when relieved 

Exporlinenis made with the Govt testing machine at Water- 
town, BaNS. 1882-», gave 1400 tons per sq ft iiltimiite criishg load for whit* 

end blue marble from Lee, Mass. 700 for Woe marble from Montgomery Co, Pa, 060 for llmeetonefrw 
Consbohooken. Pa. 500 for limestone from Indiana, S40 for nrf sandstone from Hiimmelstown, Pa, 
MO to 1000 for yellow Ohio sandstone ; Phlla brloks, flatwise; hard, maohlne ma^, 350 to 
hand-made, 700 to 1300; pressed, machine-made, 460 to 5s0; Brickwork eolumns. IS lae sq and 18 Iss 
high : in lime. lOO tone ; in cement, 150. _ . ^ ^ 

t Kxperlmento by Ool. Wm. Ludlow. U. B. A., with Govt tnUng maohm-ajn Isa. jpve from % 
to 84 tone per sq ft for pure, hard loe; and 16 to 50 torn for ioftrior gra^ Th* ■jwoutMW Aast 
iMnoh ott^) oompiwtewl A to 1 inob before cnublna. 
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STONE BEAMS. 


STONE BEANS. 

Table of Hafe quiescent extraneous loads for beams of {pood 
biilldiiiip ipranite one inch broud, supiiorted at both ends, and loaded at the 
center; aaauming the safe load to be one-tonth of the bmikiug on« ; and' the latter 
to be 100 lbs tor a beam 1 inch square, and I foot clear span. Tbe half weight of 
the beams themselves is here already deducted at 170 

lbs per cub ft. 


5 

3 

ja 

1 




CLEAB 

iVAN 

6 

3 nr FEET. 




1 

2 


4 

* 

7 

» 1 

10 

12 

15 

20 



Safe center loads in pounds 





] 

10 

5 











3 

40 

20 

1.1 

10 









8 

90 

45 

29 

21 

17 








4 

160 

79 

52 

89 

31 

26 

21 






5 

250 

124 

82 

61 

48 

40 

34 






6 

360 

179 

119 

89 

70 

68 

48 

42 

32 




7 

490 

244 

162 

120 

96 

79 

67 

58 

45 

36 

27 

16 

S 

639 

319 

212 i 

158 

126 

104 

88 

76 

59 

47 

.36 

22 

10 

999 

499 

331 

248 

197 

163 

139 

120 

94 

76 

58 

38 

12 

1439 

718 

478 

857 

284 

236 

201 

174 

137 

111 

85 

58 

14 

1959 

978 

650 

487 

388 

322 

274 

238 

188 

153 

118 

81 

16 

3559 

1278 

850 

686 

507 

421 

859 

SI 2 

246 

201 

157 

109 

18 

.3339 

1616 

1077 

806 

643 

534 

455 

396 

813 

257 

200 

141 

30 

8999 

1998 

1829 

995 

794 

660 

563 

490 

888 

819 

249 

176 

23 

4839 

2417 

1609 

1205 

961 

800 

682 

594 

470 

887 

30.1 

216 

34 

6758 

2877 

1916 

1484 

1145 

951 

813 

708 

662 

46,3 

362 

260 1 

37 

7288 

8642 

2425 

1815 

1450 

1205 

1030 

898 

713 

588 

462 

832 

30 

8998 

4496 

2995 

2243 

1791 

1489 

1273 

1110 

882 

728 

673 

415 

33 

10888 

6441 

8624 

2714 

2168 

1803 , 

1642 

1845 

1069 

883 

696 

505 

36 

12968 

6476 

4814 

3281 

2681 

2147 

1836 

1603 

1275 

1054 

832 

6G6 


If uniform Ij distributed over tbc clear span, the safe extraneous 
toads will be twice as great as those in the table. 

For fpood slate on bC4l tbe aate loads may be taken at about 3 times; for 
Kood sandstone on bed at about one-half; and tor ypood marble or 
limestone on bed at about the same as those in tbe table. 


CEAT. Specific Gravity. • 

The Bpecific gravity of the minerals (chiefly alumina silicates) composing 
clay, ranges ordinarily between 2.5 and 3 ; that of the solid portions of 
cWs between 2.3 and 2.9. t 

But the specific gravity of clay, cormdertd as a porous material, varies 
between much wider limits, being affected by its porosity, the quantity of 
water contained, etc. See p. 211, 11 to 13. Thus, we find given vtuues 

from 1.66 to 2.64 ; t clay with gravel, 2.4$ potter's clay 1.8 to 2.1 ; dry 
clay, in lumps, loose, 1.0. 


•See Clays,” by Heinrich Ries, New York, John Wiley & Sons, 1906- 
tNew Jersey Geol. Surv. Final report, 1904, Vol. VI, p. 114 ; Iowa Geol 
Surv. 1904, Vol. XIV, p. 116. 

JNew Jersey Geol. Surv. Report' on Clavs, 1878; Missouri Geol. Surv. 
1896, Vol. XI, pp. 562 etc.; Penna. Second Geol. Surv. Vol. B, p. 3. 

I L. M. Haupt, Engineering Specifications and Contracts. 
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LIME MORTAR. 

Art. 1. Mortar. The proportion of 1 mooHiire ot qiiicklune, either in ir- 
reK'Jlar Iwrapfl, or giouiid. hikI 5 miasurefl of naiul, is jiIkiiii llu- .i\enij;o used for 
rouiiiiou luortiir, liy j^ood builders lu our principal Atlantic cities; and il butli 
materials are ^ood, and well mixed (or IfMipi'ietl] with clean watei, the mortal ,i8 
lertamly as good as can lie desired ior giich ordinary piiiposes as ic<iuiie no addi- 
tion of hydraulic cement. The bulk of the mixed mortar will usually exceed that 
ot the dry loose sand alone about ^ part. 

Quantify roqiilrecl. 20 cub ft, or 16 struck bushels of sand, and 4 Pubft,or 

y ^lrllck liiiyhelaorqiirckllnie themeaiiuieNiiliglith Hhaketi in both oases, will make nlu Tl}^ cubftof 
mortar , suffloicnt to lay 1000 bricks of the ordiuaiy average si^e of 814 by 4 by 2 ius, with the courw 
mortar jooiiK u,ual in intenor Imuse-walia, varying say from h to 3^ inch. With such joints lOOt 
such bricks make 2 cubic yards of massive work. Nearly one ihlid of tUe mass is mortar. For 
siitside or showing joints, where a whiter and neater looking mortar is required, liouse- builders in- 
"H-use the proportion of lime to 1 in 4. or I in 3. For mortar of One screened giavel, for cellar-walls 
of Miiue I iilible. O' coarse brickwork 1 measure of lime to 6 or 8 of gi uvel. is ii'.u:il , and the mortar 
IS good. In average rough massive ••ubble, as in the foiegoiug brickwork, about one third the mass Is 
•ortar consequently a cubic yard will require alaml as much as alXl such hi icks , or 10 cnlnc feet (8 
Jllruck bushels) of sand , and 2 cub ft, or 1 b bushels of quicklime. Buperioi, well scabbled rubble, 
carefullv laid, will contain but about 7 of its bulk of mortar ; or cub ft sand, and 1.1 cub ft llmo, 
per cub \ ard. 

For public engineering works, espeeially in massive ones, or where exposed to daniptuits, an addi- 
( mil should be made in either of the foregoing mortars, of a quantity of good liyd 
eemciil, equal to about *4 of the lime; or .still better |/, of tlie lime slnmld* be 
'nutted, and an equal ineaHure of oemeiit be substituted for it If expoHed to water while 
Ittlte now, use little nr no lime outside. 

\Vith bricks of 8*4 l>y 4 by 2 ins, the following are the qnaii titles of mor- 
tar and of bricks for a cubic yard of massive work. 


Thickness 
of Joints, 
g inch 

Proportion of Mot tar 
in the whole mass 

No. of Bricks 
per cub y aid. 
bits 

No of Bricks 
per oub fool. 

1 « 


574 


f “ 

- 1 

'. 522 


j 

TT 

475 

17 Kll 

i- 





In estimating for bricks in massive work, allow 2 or 3 per ct for waste ; 

iiid in cnmmnn biiildtiigs, b per ct. or more Much of the waste is inoui red in cutting bricks to fit 
iiiglea, Ac. Ill I’hilsdelpliia a barrel of lump lime is allowed for 1000 bricks; or for 2 peiclics (25 oqb 
ft cdoli) of rough cellar-wall rubble. Somewhat less iiioitar per 1000 is contained in thin wnlls, than 
111 massive engineering structures, because the foniier have proportionally more onislde face, which 
(im’s tint require Ui be coveted with mortar, but tbin walls involve more waste while building; so that 
l•"^h require shout the same quantuy of materiaN to be provided. Careful experiments show that 
miirtar becomes harder, and more adhesive to brick or stone, if the propnition of lime is increased, 
lb iii'e. on our public works the proportion of one measure of quicklime to .1 of sand, is usually spec 
died, hut probably never used 

liime is usually sold In lump, by the barrc^l. of about 230 ibs not, 

'T 2,.o Tbs gross, A heaped bunhel of lump iiino averages almut 75 lbs. Ground Qulekllme, 
liKi-.e, averages about 7U lbs per sti uck bushel : and 'I bushels loose just Dll a cuiuuiuu tluui barrel , but 
fu'iii 1 b to 75 buabels, or 245 to 2b0 lbs can readily be eompacU'd into a barrel. 

tseiieral remarks on mortar and lime. On too great a pro- 
portion of our public works, the common lime mortar may be seen to be rotten and useless, where it 
I IS lieen exposed to moisture ; which will be earned by the eapinary action of earth to several feet 
■diove the natural surface, or as far below the artificial surface of embankments deposited behind 
aljiitiiK nts, retainiiig-walls, Ac The same will frequently be seen in the soHlts of arches under em- 
miiikmeiits. Common Hme mortar, thus erposrd to constant moMurr, vill never harden prvptrly. 
Kveii when very old and hard, it absorbs water freely. Cement also does so, but hardens. 

Krickdiist. or burnt day, improves common mortar ; and makc^ it hydraulic. 
In loc,i|)ties where sand cannot be obtained, burnt olay, ground, may be substituted ; and will gen- 
erally give a better mortar. 

l*r4»t<>clion of quicklime from moisture, even that of the air, is 
ab.sulutely essential, otherwise it undergoes the process of air-stlnekiiif^, 01 
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•pontaoaoiiR ulaoking, by which it heoimec reiaoed to powder as when shcked hr water u usaai, 
Imt withnut heutinK. anil with but little swelling. As thin air alneking requiruH fruin a few months to 
a year nr more, depending on quality and exi>osare, it gives the lime time to absorb Hufflolent carbonic 

acid from the air to injure or’destroy its efficacy. Butqnl«*klliiie will keep 
icood for n lonv time if first ground, and then well packed in air-tight 

barrels. The grinding also breaks down refraetorv particles found in all limes and which injure th* 
mortar by not slauking until it has been inade and used. For the Hsme reason it is better that lime 
abould not be made lulu mortar aa soon as it is slacked, but be allowed to lemaiu slacked for a day ot 
two (or even several) protected from rain aim and dust 

liime slacked in i;:reat bulk nuiy char or even set fire to wood. 

Lime paste and mortar will keep for years, and Improve, If well 

buried In the earth. Also lor months if merely covered In heaps under shelter, with a thick layer oi 
sand. The paste siiriuRs tt.iii cracks in dr\ ing , but the sand In mortar {irevenc.s this. 

Aki approximat e a verattre^ varying tnuuh uccuitiing to the character and 
degree of borning of the limestone ; and to the fineness or coarseness of the sand, one measure of 
good quicklime, either in lump, or grouod. if wet with about hi n measure of water, will within lesi 
than an hour, slack to about '2 measures of cliy powder. And if to ilns powder there be added about 
fi more measures of water, and 3 measures of dry sand, and the whole thoroughly mixed, the resnlt 
will be about Jtjf measures of mortar. Or the same slacked dry powder, with about 1 measure of 
water, and 5 measures of sand, will make about mca'.uies of mortar. In both cases the bulk of 
the mortar will be about hi part greater than that of the dry s.md alone If ^ of a measure of water 
be used for slacking, the result. Instead of a dry powder, will be about 1 ^ measures of stilt paste , or 
with 1 whole measure of water for slacking, the result will be about 1 ^ measures of thin paste, of 
about the proper consistence for mixing with the sniid. Very pure, fal limes, slack quickly, and make 
about from 2 to 3 measures of powder ; while poor, tneagre ones, require more time, and swell less 
glow slacking, and small swelling, In case the lime has been prnperir burnt, are not in general bad 
properties ; bnt on the contiary, usually Indicate that it is to some extent hydraulic. In this case it 
makes a better mortar . especially for works exposed to moisture, or to the weather. Very pure limes 
are the worst of all for such exposures; or are bad toecUherditau t and in important works, should 
never be used without comeut. 

Shell lime appears to be about the saiuc as that from the purest limestones; 

but that from chalk Is still more Inferior and will not bear more than about 1 measures of sand; 
its mortar never becomes very hard. Madrepores (commoulv called coral) appear to furnish a lime 
intermediate between those of chalk and limestone They re<|Uire to he but moderately burut. 


The avenig;e weif^ht of common Uardoned mortar is about 10.') io llfi lbs 
per cub ft. 

Grant is merely common mortar made so thin as to flow almost like cream. 

It is luiendwl to fill lnter.itloes left in the mortar-joints of rough masonry ; but unless it contains a 
large amount of oement, it is probably entirely worthless; since the great quantity of water injures 
the properties of lime ; and moreover, its ingredients separate from each other ; the sand settling be 
low the lime. Besides tUU, it will never harden thoroughly in the interior of thick masses of ma- 
•onry ; indeed, the same may probably be said of any common lime mortar. In such (msuioiis, It ha* 
been fuund to be (lerfeotly soft, after the lapse of many years. 

Both the sand and the water for lime mortar, should lie free from clay and 
■all. The clay may be removed by thorough washing ; but it is extremely dit 

Boult to get rid if the salt from seashore sand, even by repealed washings. Fiinugb will generally 
remain to keep the work damp, and to produce efBorescences of nitre on the surface, whether with 
lime, or with oement mortar. Slacking by salt water gives loss paste than fresh. 

Mortar should not be mixed upon the surface of clavey ground , but a rough board, brick, or stone 
lAatform should be interposed. Pit sand sifted from decomposed gneiss, and other allied rocks, is ex- 
nellent for mortar; Ita sharp angles making with the lime a more coherent mass than the rounded 
grains of river or sea sand. Mortar should be applied wetter In hut than in cold weather ; especially 
m brickwork ; otherwise the water Is too much absorbed by the masonry, and the morur is thereby 
injured. 

The tenacity, or coheftiwe streniifth, that is, the resistance to a puli 

nf good common lime mortar of the usual proportions of lime and sand, and 6 months old, Is about 
;tam 15 to SO Si* per sq inch ; or .96 to 1.9 tons tier sq ft. With less sand, or with greater age, It will 
be stronger. 

The crunhlnM: fitrenirth of good common mortar 6 months old is from 154 
• too lbs per sq inch, or 9.7 to 19.8 tone per sq foot 

The ■lidlnif i^istance« or that which common mortar opposes to anj 

bne tending to make one course of maaonry Hide opos uottwr, to etated by Boudelet, to be but 5 hi 
jer iq inch ; or about one third of a ton per sq ft. in mortar S months old. 

Transweree strength of good common mortar 6 months old. A bar 1 

boh square and 12 ini clear spau, breaks with a center load of i to 6 lbs. 

The lime In mortar decays wood rapidly, especially in close, 
ttnp iiluation*. Still the soaking of timber for a week or two in a solution of quicklime in *■*•*_[ 
nppMre to act as a preservative. Iran, ec completely embedded in mortar as to exclude air ana 
moisture, bae been found perfect after 1400 jrcar* ; bnt if tbe mortar admits moisture the iron decay s 


Bo. probably, with other metals. 

The adheeion to common brlcka, or to ronfch rnbble at any 

me will average abont q of tbe oobesi ve strength at the same age ; or say 12 to 24 lbs per sq inon. or 
J»tol.6lottpersqnu6 months old. if care be taken to exclude dust entirely, by dipping eMS 
brtok Into water befbre laying It, or by Bprinkilng tbe stone by a hose. fto. the adbeslon will w in 
ttoased. On tbe other hand, much dost may almost prevent any adhesion at tlL Tbe preoautl^ or 
wetting Is f specially necessary in very hot weather to prevent the warm brlokeor stone from lOU 
^ the rnwrlwr by the rapid abeorptlon and evuMvwtlon of he water. The Mheaten «• req* 
SeeCh bmrdprMMdbeleb»,er(oaiaoocbly dreeaedurwweditonetoeonaiderably toao- 
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Art. 2. Bricks, size, weight, Arc. A brick 8.25 X 4 X 2 ins oontaiiu 

66 cub ins * or 26.2 bricks to a cub u ; or 707 bricks to a cub yard. 

In ordering a largo number, a minimum limit of dimension should be specified, 
in order to prevent fraud. A brick % inch less each way than the above, con- 
tains but 52.5 cub ins ; thus requiring full 25 per cent more bricks to do the same 
work, and 25 per ct more cost lor laying, which is generally paid by the 1000. 

The weig^ht of a good conmion brick, 8.25 X 4 X 2 ins, will average about 
4.5 lbs ; or 118 lbs per cub ft = 3186 lbs or 1.42 tons per cub yard ; or 2.01 tons per 
1000. A good pressed brick of the same size will average about 5 lbs, — 131 lbs 
per cub ft = 3537 tbs or 1.58 tons per cub yd ; or 2.23 tons per 1000. Since the 
weight of hardened mortar averages but little less than lliat of good conmion 
brick, we may for ordinary calculations assume the wf'ifchi of brickwork, 
with common bricks, at 1.4 tons per cub yard, or 116 lbs per cub ft ; and, with 
pressed brick, at 1 56 tons per cub yd, or 129 lbs per cub ft. 

In water, either brick will in a few minutes abMorh from to %fb of 
water; or 0.1 to oiio-seventh of the weight of a pressed brick, or fo oiie-thlrd 
of its bulk. 

Number of bricktu 8J4 X 4 X 2, required porsq foot of wall, allow- 
ing for the usual wa.ste in cutting bricks to tit corners, jambs, &c.: 

Wall Stilus, or 1 brick 14 bricks I Wall 21K ins, or 23^ brick 35 brick® 

“ 12% ■* or VA “ 21 “ “ 25% “ oi 3 “ 42 “ 

“ 17 “ or 2 “ 28 “ J 

Laying, per day. A bricklayer, with a laborer to keep him supplied with 
materials, will, iu common house walls, lay on an average about 1500 bricks per 
day of 10 working hours. In the neater outer faces of back buildings, from 1000 
to 1200; ill good ordinary street fionts, 800 to 1000; or of the very hnest lower 
.story faces used in street fronts, from 150 to 300, ilepeiidiug on the number of 
angles, Ac. In plain massive engineering work, he should average about 2000 
per day, or 4 cub yds ; and in large arches, about 1500, or 3 cub yds. 

Siuce bricks shrink about ^ part of each dimension in drying and burning, 
the moulds should be about part larger each way than the burnt brick is 
intended to be. Good well-burnt bricks will ring when two aie struck together. 

Af the brick-yards about Philadelphia, a bnck-inoulder’s work is 2333 bricks 
I>er day ; or 14000 per week. He is assisted by two boys, one of whom supplies 
the prepared clay, moulding sand, and water; while the other carries away the 
bricks as they are moulded. A fourth person arranges them iii rows for drying. 
About % of a cord, or 96 cub ft of wood, is allowed per 1000 foi burning. Where 
coal is used, the kilns are fired up with anthracite, and the finishing is done with 
bittimiiioua. One ton of coal, In all, makes 4500 brieks. 

For pawing* sidewalks the bricks are laid on a6-incli layer of gravel, 
which should be free from clay, and well consolidated. With bricks of 8% X 4 
A 2 ms, with joints from % to % inch wide, a square yard requires, flatwise, 
38 tincks; edgewise, 73; endwise, 149. An average workman, with a laborer to 
supply the bricks and gravel, will in 10 hours lay about 2(100 bricks ; or 53 sq yds 
flat, 27 edgewise, 13 endwise. When done, satui is Iniislicd into the joints. 

Art. 3. The crushing strength of brieks of course varies greatly. 
A rather soft one will crush under from 450 to 600 lbs ]>er sq inch ; or about .30 
to 40 tons i>er sq ft; while a first-rate machine-pressed one will require about 200 
to 400 tons per sq ft, or about the crushing limit of the best sandstone; two- 
tliirds that of the best marbles or limestones; or % tliat of the best granites, 
or roofing slates. But masses of brickwork crush under niiieli smaller loads 
than single bricks. In some English experiraeiils, snuill cubical masses, only 
9 inches on each edge, laid in cement, crushed nnder 27 to 40 tons per sq ft. 
'Hhers, with piers 9 ins square, and 2 ft 3 ins high, in cement, only two days 
after being built, required 44 to 62 tons per s^ ft to crush them. Another, 
of pressed brick. In best Portland cement, is said to have withstood 202 tons 
per sq ft; and witli common lime mortar only % as much. 

It must, however, be remembered, that cracking and splitting usually com- 
mence under about one-half the crushing loads. 'Jo be safe, tbe load should not 
exceed % of the crushing one ; and so with stone. Moreover, these experiments 
'fere niade upon low masses; and the strength decreases with the proportion 
ef the height to the thickness. 

The pressure at the base of a brick shot-tower in Baltimore, 246 feet high, is 
eMiinated at 6% tons per sq ft; and in a brick chimney at Glasgow, Scotland, 
468 ft^et high, at 9 tons. Profe-ssor Rnnkine calculates that in heavy gales this it 
Increased to 16 tons, on tbe leeward side. 

H2 
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With our present Imperfect knnwlodt^e on this gnbjoct, it cannot bo onnHidercd enfe to expose even 
nrst-olnss pressed brickwork, in cement, to more than 12 or 15 tons tier sq ft, or good haud-inouiaed, 
to more tlian two-thirds as much. 

Tensile Ntrciiicl li of brick, 40 to 400 lbs per sq inch ; or 2.6 to 26 tons per sq ft. 
The rod nf'briek work is 306 cub feet, or llj/^ cub yards ; and 

requires about 4500 b-'cks of the RugUsb standard sire , with uliout 16 cub ft of mortar. The English 
hundred oj lime, is a rub jd 

FrOKen inorflir. There is risk m using common mortar in cold aeather if the cold 
should continue lot.g ciioiigh to allow tlie ftoxen luoiiHr to set well, the *ork msi reiiiaiu wife , but it 
a warm daj should orcui between the fleering and the setting ot the ranriar, the sun sbiiiiug on oe.' 
side of the wall may melt the mortar on that side, while that on the othei side m.iy remain fm/i 0 
hard. In that case, the wall will bo apt to fall ; or it It does not, it will at least always he weak ; toi 
mortar that has partially set while frozen. If then melted, will never regain its strength. By the 
writer's own trials hydraullo oements seemed not to be iqjured by ireeziug. 

Experiment for rendering briok masonry iinperviouH to 

water. Abstract of a paper read before the Aiiierieaii Society of Civil liiigmeers, May ♦, 1870, 
Ay William T., DearV'orn, Civil Engineer, member ot the Stsjieti 
The face walls of the Back Bays of the Gate-hiiuses of the new Croton reservoir, located north 
ot Eighty sixth Street, in Oeuiral Paik, were huilt of the best quality of hard-burnt brick , laid in 
Bortar cnuiposed of hydraulic cement of New Yoi k. and sand mixed ui the proportion of one measure 
of oeineut to two of sand. The spare iM-tween the walls is* ft and was filled with coucicie. The face 
walls were laid up with great care and every |ireoautioii was taken to have tlie joints well filled and 
Insure good work They are 12 ms tliiok, and 40 ft high ; and the Rays when full genet ally have DO ft 
of water in them. 

When the reservoir was first filled, and the water was let into the Oate-honses it was found to filter 
througli these walls to a oonsiderablo amount. As soon as this was discoveied, the water was drawn 
out of the Bays, with the intention of attempting to remedy or prevent tins iiilUtrntion Aftei care- 
fully considering several modes of accomplishing the object desired. I came to the couoliision to try 
“ si heater's Process for EetMilliug Moisiuie from Exteuial Walls ’ 

The process consists In U'ing two washes or solutions for covering the siirfaoe of hnck walls ; one 
composed of Castile soap and water, and one of alum and water. The proiioriinus aie ‘ three quar- 
ters of a pound of soup to one gallon of water; and half a pound of alum to four gallons of water 
both substances 1,0 be perfectly dissolved in the water before being used 
The walls should he perfeeth cle.tn and dry ; and the temperature of the air should not be below 
M degrees Fahrenheit, when the compositions are applied 
The first, or sosp wash, should be l.ud on when at boiling heat, with a Hat brush taking care not 
to form a fiotli on the biiekwork This wash should remain twenty-four hours . so as to necume dry 
and hard before the second nr alum wash Is applied, which should be done lu the same manner as 
the first The tenijierature of this wa'h when applied may beW)'^ or 70^ , and It should also remain 
tweutv-tour hours before a secoud coat of the soap wash is put on , and these coats arc to lie repeated 
altern.iielv until the walW are made .mpervioiis to water. 

The alum and soap thus combined form an insoluble compnnnd, filling the poies of the masonry 
and entireh preventing the water from peneiratiiig the walls. 

Before applying these compoaitions to the walls of the Bays, some exnerlmeuts were made to test 
the absorpiiou of w-ater by bricks under pressure after being covered with these washes, in order to 
determine how many coats the wall would requite to render them impervious to water. 

To do tins a strong wooden Ixix was made put together with screws, large enough to bold 2 brioka; 
and on the top was inserted an inch pipe fortv feet long. 

In this box were placed two bricks after being m.ade perfectly dry, and then covered with a coatof 
each of the washes, us before directed, and weighed. 'Thev were then subjected to the pressure of a 
ooluinn of water 40 feet high , and, after remaiiiiiig a sufilcient length of time, they were taken out 
and weighed again, toaacertaln the amoiini of water they had absoibed. 

The hi loka were then dried, and again coated with the washes and weighed, and subjected to press- 
nre as before ; and this operation was repealed until the bricks were found not to absorb any water, 
pour coatings rendered the bricks Impenetrable under the pressure of 40 ft head 
The mean wi-lghtof the bricks (drv) before being coatwl. was 3Ji lbs; the mean absorption waa 
one-half pound of water. An hydiometer was used in testing the aolutlons 
As this experiment was made in the fall and winter. (1863,) after the temporary roofs were put on 
to the (iaie-bouse, artifiolai best had to be resorted to. to dry the walls and ke<>p the air at a proper 
temperature. The coat was 10.00 cts per sq ft. Aa soon as the last coat bad become bard the water 
was let into the Bavs, and the walls were found to be perfectly impervious to water, and they atill 
remain so in 1870, after almut dH yeais. 

Rkick xrch (footway or Hioh Briook). The hriok arch of the footway of High Bridge is the 
are of a circle *29 ft C in radius ; and la 12 in thick : the width on top ia 17 ft; and the length covered 
was 1381 ft. 

The first two courses of the briok of the arch are composed of the best hard burnt brick laid edge- 
wise in mortar composed of one part, by measure, of htdraulio cement of New York, and two parts 
of sand The top of these bricks, and'the inside of the granite coping against which the two top 
Oonrses of brick rest was, when they were pertectly dry, covered with a coat of asphalt one-half an 
Ineh thick, laid on when the asphalt was heated to a temperature of from 360O to 618° Pubrenheit, 
On top of this was laid a ounrse of brick tiatwise, dipped in asphalt, and laid when the asphalt was 
botj and joinu were run full of hot asphalt 

On top of this a course of pressed brick was laid flatwise in hydranllo cement mortar, forming tbs 
paving and floor of the bridge. This asphalt was the Trinidad variety : and was mixed with 10 pet 
tent, by measure, of ooal tar; and ‘25 per cent of sand. A few experluieiits for testing the strength 
•f this asphalt, when used to cement bricks together, were made, and two of them are given below. 

Six brioka. pressed together flatwise with aspbaU Joints, wore, after lying six months, broken 
The dUtnnoe between the supports wss 12 ins : breaking weight, 900 lbs , area of single joint, 28M sh 
'pti The Mphnlt ndhet d 10 strongly to the briok as to tear away the lurfue in many plaoes- 
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Two bricks pressed together end to end. oemented with ftapbalt, were, after Ivlng fi nioriihs, broken. 

The dietauce beiween the supiiorts whs 10 Iuh area of Joint, sq Ini; breaking weight, 150 Ibe. 

The area of the bridge covered with asphaltea brick, was 23065 sq ft. There was used 94300 9 m of 
asphalt, 33 barrels of coal tar, 10 cub jds of sand, O.ibOO bricks. 

The lime occupied was 109 da} a of niiuiuua, aud 148 dajrs of laborers. Two masons aud two labor- 
ers will melt and spreaii, of the first coat. 10^ sq ft per day. Tlie total cost of this coal was 5.^ 
cents per sq ft, exclusive of duty on asphalt. There were three grooves, 2 ins wide by 4 ins deep, 
made entirely across the brick arch, and immediately under the Hist coat of asphalt, dividing tbe 
arch iuto four eipial parts, 'rbese grooves were filled with elastic paiut cement. 

Tins arraugeiueui was intended to gnard against the evil effects of tbe contraction of the arch in 
wlutcr; as it was expected to jield slightly at these points, aud at no other point; aud then the 
elastic cement would prevent any leakage there. 

The entire experiment has proved a very successful one, and the arch has remained perfectly tight. 

In iiroposing the above plan for working the asphalt with the brickwork, the oluect was to avoid 
depending on h large continued surface of asphalt, as is usual in coveriug arches, which very fre- 
qiietjih cracks fioni the gi eater oiintraution of the asphalt than that of the niasuur> with which it ic 
III csmtiici, the extent of the asphalt on this work being only aiioul one-quarter of an inch to each 
brick This is deemed to be an essential element in tbe auccess ot the impervious coveriug.” 

A cheap and effective process for preventing the percolation of water through the arches of aque 
ducts, and even of bridges is a great desideratum Many expensive trials with resinous compounds 
have proved lailures. Hvdraalic cement appears to merely diminish the evil. Much of the iroublv 
is probably due to craoka produced by changea of temperature. 

Tli(> white cflloreNeenc<* bo common on walls, especially on those of brick, 
iR <ln(' to the preflonco of soluble b Jts in the bricks and mortar. These are dissolved, 
ar l (Mnifd to the face of the wall, by rain and other moisture. Sulpliate of magne- 
sia ( Kpsoin Salt) npiiears ♦x) lie the most freijuent cause of the disfiguration. In many 
places mortar lime is made from dolomite, or mtujneaian limestone, which ulten con- 
tains .10 per cent or more of magnesia; which also occurs frequently in brick clay. 
Coalgenemlly contains sulphur, most frequently In combination with iron, forming 
tbe well-known “ Iron pjTites The coinlmstion of the coal, os in burning the lime- 
stoni' or clay, in manufactures, in cooking etc, converts the sulphur into sulphurous 
a( 1(1 gas, whicli, when in contact with magnesia and air, as in the lime or brick kiln. 
.)!• in tlie fiiiHbcd w.ill or cliimney, becomes sulphuric acid aud imiles witli the mag- 
iKssia, fonning the soluble snlphate. We are not aware of any remedy that will pre- 
vent its ajipeaiance under such circninstances; iiut the formation of the sulphate may 
bo prevented by the use of limestone and bnck-r’ay free from magnesia. 
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MORTAR. 

Cement. 

Tor experlmentH, see p 1303. 

For Hpeclflcatlons, see pp 1220, 1232, 1234, 1352. 

For Concrete, see pages 1252, etc. 

For abbreviations, symbols and references, see p 1251. 

1. The property of setting and hardening under water is called hydran* 
llelty ; and cements, which harden under water, are called hydraulic 
cements; or, more briefly, cements. For behavior of cement 
'When mixed with water, with or without sand, see Mortar, p 1243. 

Materials. 

2. The elements, chiefly concerned in the action of lime and 
oem mortars, are — 

Calcium, Ca 

Aluminum, A1 

Carbon, C • Oxygen, 0. 

Silicon, Si 

Hydrogen, H 

3. Oxyg;en combines with each of the others, forming oxides. 

Thus: Calcium oxide, CaO, is lime; 

Aluminum s^squi-oxide, AI2O3,* is alumina; 

Carbon dioxide, CO., is carbonic acid; 

Silicon dioxide, SiOj, is silica, or silicic acid;t 

Hydrogen monoxide, HjO. is water. 

4. The materials most used in the manufacture of cements are either 
(a) calcareous, (b) argillaceous, or (c) both calcareous and argillaceous. 

(a) Calcareous (rich in lime carbonates). 

lilmestone. a lime carbonate, or combination of lime and carbonic acid 
CaO + CO 2 or CaCOs. Marble is limestone. 

Dolomite, or mag^iiesian limestone, containing about 45 per cent 
of magnesia carbonate, MgO. CO^. Where strata of limestone and dolomite 
adjoin, the rock raries in composition between the two, containing percent- 
ages of magnesia carbonate varying from 0 to 45. 

Chalk, a soft limestone, composed of remains of marine shells. 

Marl, a soft and impure hydrated { lime carbonate, precipitated from 
•till water and found in the beds and banks of extinct or existing lakes. 

Alkali waste, lime carbonate, precipitated, as a waste product, in the 
manufacture of caustic soda. 

Coral. 11 5 

(b) Arg;lllaccons (rich in alumina silicates). 

Clay ^including argillaceous nunerals in general), an alumina silicate, or 
combination of ^umina and silicic acid, AI 2 O 3 + Si() 2 . 

flhalc and slate, clay, solidified by geological processes. 

PnZKOlana, or pozzuolana, a volcanic slag, found at Puzzuoli, or Poz- 
zuoli, near Mount Vesuvius, an impure alumina silicate. 

Blast furnace slag*, practically an artificial puzzolana. 

Brick-dust. See 1l 6 . 

(c) Rich in both lime carbonate and alumina silicate. 

Cement rock is argillaceous (clayey) limestone. The alumina silicate 

usually ranges from 13 to 35%. There is generally a considerable per- 
centage of magnesia carbonate, amounting sometimes to 25 %. 

5. A soft coral rock, from the reefs near Colon, Panama, mixt 
with clay and silt brought down by the Chagres river, or with “a pumiceous 
rhyolite tuff, " found on the Isthmus, or with both, and crushed, burned and 
tested at the Lehigh Valley Testing Laboratory, at Allentown, Pa., gave a 
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uniform cement, comparing favorably with average standard brands of 
Jjehigh cement. The coral rock is “a remarkably pure lime carbonate.” 
'I'he C’hagres clay and silt are “rather low in silica, but contain a relatively 
large amount of iron as compared with alumina.” The tuff “is of approx- 
imately the same composition as the argillaceous materials used m the 
lichigh district of Pennsylvania.” (Ernest Howe, U. S. G S, E N, '07 /Nov/ 
21, p 544.) See It 29, etc. 

6. Mr. Ernest McCullough “inixed fine brick dost and bydrated 
lime together and made a fairly satisfactory cem for a small ^concrete 
job in a locality where Portland cem could not be obtained.” (E N, '07/ 
Nov/21, p 557.) 

7. IJme. When limestone (without clay) is “burned,” its CO 2 is 
driven off, and the remaining (•‘quick”) lime has a strong affinity for 
water, absorbing it with such avidity as to develop heat sufficient to pro- 
duce steam, the generation of which disintegrates and swells the inass. 
('ombining thus with the water, the lime forms calcium hydrate, Ca 0 .H 20 , or 
CaHoOo. This process is called slaking: or Hlackin|r*, and lime which 
has satisfied its affinity for water is called slakeii (or slack) lime. When 
slaked lime is used as mortar, it graduallv absorbs carbonic acid from the 
air, forming lime carbonate, the water being liberated and evaporated, 
Ilardeueil Ume mortar may thus be regarded as an artificial limestone, 

Ufannfacturc. 

S. Cement. When alumina silicate, such as clay, in sufficient quantities, 

IS “ burned ” wfith calcium carbonate, such as limestone, the burned prod- 
uct, called cement, is deficient in, or devoid of, the slacking property; bu^ 
on the other hand, when it is made into mortar, the combinations, formed 
between the elements of the lime, the alumina, the silica and the water, 
during the burning, and afterward in the mortar, are such that they reamly 
jirooeed under water. Gheraists differ as to the nature of these combina- 
tions, except that these constitute a process of crystallization, resulting 
chiefly in the formation of hydrated lime silicate and hydrated lime alumi- 
nate, which two compounds constitute the major portion of most cems. 

Natural and Portland Cement. 

». In the manufacture of “natural” cement, cement rock, broken 
into lumps, is first calcined, at from 1000° to 1400° 0 (1800° to 2500° F) in 
a stationary kiln, in alternate layers with coal of about pea size, as fuel. 

It is then ground to a fine powder, and this is sometimes specially mixed, 
in order to increase its uniformity. 

10. The qiialitieM of nat cems vary widely, owing to diffs in the 
compositions of cem rocks found in diff localities, 

11. The name Rosendale, originally and properly restricted to nat 
cems mi^e in Ulster County, N Y, was at one time applied indiscriminately 
to American nat cems in general. 

12. In Europe, quick-setting nat cems are called “Roman cements.” 

12. Portland cement was so called on account of the resemblance of 

the hardened mortar to Portland stone, the oolitic limestone of Portland, 
England. 

11. Portland cem is made from different combinations of the cal- 
careous and argillaceous materials named in 4, and these require different 
preliminary treatments. Thus, hard rock is crushed; soft rock add clay are 
ground; marl and clay are mixed wet, and the marl is sometimes pumped^ 
to the mill. In any case, the resulting materials are dried and finely ground, 
mixed, and then calcined at a temperature of 1450° to 1650° C, or say 2600° 
to 28()0° F, producing incipient vitrifaction, which consists of the chemical 
combination of the silica, alumina and lime, into a glassy clinker, essentially 
a lime silicate and aluminate. The resulting clinker is again ground to an 
impalpable powder, which is the finished product. 

irs. 'I'he proportions of the several materials are carefully adjusted. 
I'here is usually from 74 to 77.5 % lime carbonate, and about 20 % of 
alumina silicate and iron oxide- See H 32. 

16. Manipulation. The raw material is sometimes molded into bricks 
which are burned in a stationary kiln; but it is now more generally fed, as 
a fine powder, into the upper end of a nearly hor cyl (rotary kiln) 6 to 8 ft 
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in diam and from 60 to 100 ft or more in length. Coal dmit, as fuel, is in* 
iected, by an air blast, into the other end; while most of the air, required 
for combustion, is admitted freely from the atmosphere thru other openings. 

17. As in the case of lime, the burning drives off the carbonic acid 
and water, and more completely oxidize.^ any iron present. 

18. The hi|t;lier oanI of Portland eenient is due to the more 
careful selection of the materials and to the more elaborate and expensive 
treatment given them, resulting in the ultimate attainment of much greater 
strength and uniformity than are iisuall 3 ' found in nat cems. 

19. Tlio iiiiproveiiieiitM. which have been made in the manufacture 
of PortlaiKl CM'iiieiit. are driving out other makes. Owing to its 
greater sand-carrying capacity, it is often used, by CQutractors, even where 
the specifications permit the use of nat cein. 

JiO. Overhiiriiiiiiif is liable to occur, if the material is deficient in lime 
(“over-clayed”). Iliidorbnriiiiig; yields a soft brownish clinker, and 
weak, quick-setting ceru, heating in water. Some cems, slow at first, be- 
come quicker after storage. 

31. Portland t!emmt is used for structures subjected to severe or 
repeated stresses, for cases where high strgth must be attained in a short 
time, for concrete buildings, where water will be in contact with new work, 
for thin walls subject to water pres, and for work exposed to abiasion or to 
weather; while natural oeninit maj' be used in drv sheltered founda- 
tions under compressive loads not exceeding 75 lbs jx;r sq inch and not 
imposed until 3 months after placing, for backing and filling in massive 
cone or stone masonry where wt and mass are det idcrata, and for street and 
sewer foundations. 

Piizzolana. 

22. Klai;- c^oincntN (sometimes called |>iizz<»lana cements or puz- 
zolana) are intimate mixtures of slaked lime and basic blast-furnace slag, 
both finely ground, and not calcined. As the slag leaves the blast-furnace, 
it is chilled and disintegrated by running it into water. A little soda is 
sometimes added, to hasten setting. Slag cem is not to be confounded with 
those Portland cems in which slag is one of the ingredients. 

23. In dry air, the sulphides, contained in Piizzolftiia rciiietil. oxi- 
dize, and cause superficial cracking. It sets more slowly than Portland, 
unless treated with soda. If so treateil, the soda becomes carbonated 
under long storage, and the cem again becomes slow-setting. Since puzzo- 
lana cem, properly made, contains no free or anhydrous lime, it does nut warp 
or swell, and requires less water than I’ortlanil; but, for ^lermanency after 
placing, the finished work should be kept constantly moist. It is recom- 
mended for use in sea water, alone or mixed with Portland. Its mortar 
is tougher than Portland, but never becomes so hard. It should not be 
subjected to attrition or blows. (Report, Board of U S Rngr officers, 
U. S., Prof'l Papers No 28, ’01.) 

24. Puzzolana eement is said to work well if used with 2 or 3 parts 
sand and not subjected to freezing weather. Its ingredients must be finely 
ground and intimately mixed. It is used where extreme strength and 
Hardness are not required 

Nllica Cement. 

23. Niliea Cement, or Hand eement, was originally made by 
mixing Portland cem with quartz sand (silica) and grinding the rri'xture to 
extreme fineness It was claimed that the cem thus became much more 
♦ finely ground, and that “silica cement,” containing one part Portland cem 
and three parts silica, could therefore carry, in mortar, nearly as much sand 
as could the pure cem alone; also that mortars, made with silica cem, were 
less permeable to water than those made with pure cem in the ordinary way. 

26. Owing to the high cost of grinding the quartz sand, less refractory 
materials, such as lime-stone, are now substituted for it. The product, 
so obtained, is still called “silica cement,” altho containing a less propor- 
tion of silica than Portland cem. 

27. Silica cement mortar is said to work more smoothly under 
the trowel than that made with ordinary cems. 

28. In the construction of a concrete lock at St. Paul, Minn., it was in- 
tended to use 1.6 volumes silica cem as equivalent to 1 vol Saylor’s Port* 
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land; but experiments indicated that, at 6 mos, concrete, made with silica 
cem, was as strong: as that made with Portland. 

Other Cements. 

39. White Portland oement, obtained by making certain raodifi- 
catioriH in the proceas of manufacture, is nearly colorleas. It is suitable for 
nuiking imitation marbles, etc., and capable of taking artificial coloring. 
It IS higher m price than ordinary Portlands. See H 44. 

30. Iron ore cement (“Erz-cement"), Krupp Steel Co. In this 
cem, the argillaceous material of Portland cem is mostly replaced by iron 
oxide. The material is burned and ground as for Portland cem, liH 13, «&c. 
Spec grav, 3.31. Slower setting than Portland. Sound. Low early 
strgths; but, m time, strgth far exceeds that of Portland. No trace of 
expansion or crackg in sea water under 15 atmospheres. (Wm. Michaelis, 
Jr., Western Soc Engrs, Aug 1907; S. B. Newberry, Cement Age, Jan 1907.) 

31. If.vdraiilic liino is a name given to cems (much used in Europe) 
winch, while to some extent hydrauhe, do not contain enough of the hydrau- 
lic dements to prevent slaking. The slaking, however, is slower, and the 
bwelling less, than with lime proper. 

Composition. 

32. Analyses of eements. in percentages. 

In each group of thrw lines. 

the upper line shows the nuix percentage. 

" middle “ “ " mean “ 

“ lower " " *‘ min “ 


Silira, JllutniHa.Iron Ojeide. Zime. Magnesia, 

Si Os MsOs FesO^ Ca 0 Mg 0 



33. The ratio of the wt of alumina silicate to that of the lime, in a com, 
IS called its iiydranllc index. Other things being equal, it may be used 
as an indication of the hydraulicity of the cem. 

9 i. I’huB, if a cem contains 30 % alumina silicate and 60 % lime, its hy- 
draulic index is 30/60 = 0.50. 

3, I. The hydraulic modulus is approximately the reciprocal of the 
hydraulic index; i.e., the modulus is the ratio, by wt, of lime, to silica, 

♦ Richard K. Meade, "Portland Cement," 1906, pp 16-17. 

tE. C. Eckel, "Cements, Limes and Plasters," 1907, pp 253 etc., 667-8. 

1 16 analyses of "Steel” (slag) cement, made by Illiuois Steel Co., Sou^ 
Chicago, reported by Board of U. 8. Engr OflRcers, 1900, gave practically the 
same avs, but with generally greater uniformity: silica, 29.9 to 27,8; alumina 
and iron, 12.1 to 11.1; lime, 52.1 to 50.3; magnesia, 3.0 to 1.6. 
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alumina and iron oxide. It is sometimes specified that the modulus, in 
Portland cement, shall be 1.7. 

86. In natur^ cements, the modulus usually ranges from 0.667 to 1.667. 

87. Mr. Spencer B. Newberry uses the ratio : 

(lime — alumina) silica, 

which he terms the lime factor, and which usually varies, in the raw 
material, betw 2.7 and 2.8, and, in the best commercial cems, betw 2.5 
and 2.6. 

88. Mr. Edwin C. Eckel (Cements, Limes anil Plasters, p 170) suggests 
the 

Cementation index = 1^— - +_Pj:Zi 

I + i.4m 

where s, a, i, I and m are the percentages, by wt, of silica, alumina, iron 
oxide, lime and magnesia, respectively. 

39. The most common adtilt<erant!9 of cem are ground limestone, lime, 
shale, slag and ashes; and Portland cem is sometimes adulterated with nat 
cem. Most of the adulterants commonly used are merely inert, and there- 
fore only weaken the cem; but quick lime may do more serious mischief. 

See Cement Mortar, 28, etc., p 1245. 

Properties. 

Fineness. 

40. Fineness. Even in cem of standard fineness, the inner portions 
of the grains seem to remain inert. The finer the cem, the more sand it 

■ will carry and still produce a mortar of a given strength; but, in each case, 
there is a point where the cost of additional fineness offsets the additional 
advantage wluch may be gained. 

41. Hence Oneness is less important with natural than with Port- 
land cem; for the cheajpness of nat cem may render it advisable to use 
the cem in larger cpiantities, rather than pay for finer grinding, in order to 
secure the desired strgth. 

43. Cements, ground to extreme Oneness, in order to secure strgths 
beyond those of commercial products, set so quicklv that they must be used 
immediately after adding water. (Win. Michaelis, ,Tr., Western Soc of 
Engrs, Aug ’07.) 

43. The Oneness of cement and sand is indicated as fol- 
lows, where the large numerals represent the sieve numbers; the small 
numeral, to the left of each sieve number, represents the percentage retained 
upon that sieve; and the final small numeral, to the right of the last sieve 
number, represents the percentage pas.sed by the last sieve. The sum of the 
small numerals = 100. Thus, ^20 *530 3640« means that 5 % were re- 
tained on a No. 20 sieve, 15 % on a No. 30, and 35 % on a No, 40, while the 
remaining 45 % passed the No 40 sieve, 

f'olor. 

44. Color. The lime silicates and alumiiiates, which constitute the 
cem proper, are colorless when pure. (See White Cement. T| 29.) The 
color of cems is therefore due to other matter which is unavoidably present, 
notably to the iron oxides, and may be affected by either beneficial, harmful 
or neutral ingredients. Hence, color, in itself, is of but little value as a 
guide to quality; but variations in shade, in a given kind of cem, 
may indicate diffs in the character of the rock or in the degree of burning. 
Thus, with nat cems; a light color generally indicates an inferior or under- 
burned rock. A coarse-ground cem, light in color and wt, would be viewed 
with suspicion. 

45. “With Portland cem, gray or greenish-nay is generally considered 
best; bluish gray indicates a probable excess of lime, and brown an excess 
of clay. Naturfil cems are usually brown, but vary from very light to very 
dark. Slag cem has a mauve tint — ^a delicate lilac." ‘ (Prof Ira 0. Baker, 
‘‘A Treatise on Masonry Construction," p 55.) 

Weight. 

46. Specific n^ravitjr and welifht. Bee spec grav, pp. 1232, 1234. 
The sp gr of the ioM particles of cem is not affected by fineness of grinding* 
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but is diminished by absorption of water and carbonic acid under exposure, 
and is therefore increased by drying. The sp gr of Portland cems may 
range from 2.9 to 3.25, ordinarily from ,3 to 3.2; nat cems, 2.7 to 3.2; Pua- 
zolano cem, from 2.7 to 2.9. 

47. Tlie welfflit. per cu ft, of cem powder, is affected by exposure and 
bv drying, as explained above, and is increased by compression, as in pack- 
ing. It is reduced by fine grinding, the finer particles packing less closely.; 
Faija found a loss, in wt, of about 6 % in a few days after grinding; 17 % 
in 6 mos, and 21 % in a year. 

4S. In a German Portland cem, Eliot C. Clarke found 90 lbs per cu ft 
when 40 % was retained on No. 120 sieve, and 75 lbs per cu ft when so finely 
ground that all paased the same sieve. 

49. As a rude approximation, Portland cem is taken as weighing 100 lbs, 
nat cem 75 lbs, per cu ft. 


Packai;c«). 

50. Owing to variations in the specific gravity of cems, there is corre- 
sponding variation in Hizesi and of packages and their contents. 

The traxie practice is to sell a bbl of Poitland cem as 4W lbs gross (including 
wt of J^l);- nat, 300 lbs gross. 

51. X Portland Cement barrel is 2 to 2.2 ft high, betw heads, 
1.3H to 1.40 ft av diam. It weighs 21 to 29 lbs, and is lined with paper for 
ordinary transportation. Its capacity is 3.1 to 3.5 cu ft, but the cem, com- 
pressed into it, in packing, occupies .3.75 to 4.3 cu ft loose, and weighs 370 
to 3if0 lbs. The bbl is not returnable. 

53. A natural cement barrel weighs about 20 lbs. In the Wes- 
tern states it contains 205 lbs; in the Eastern states, 300 lbs, of cem. 

53. “ Doinesitie barrels are used for shipment to all points in the 
U. S., With slight reinforcement for Gulf ports; ^'standard export’* 
bbls for Mexico and the West Indies; ^’special export barrels” 
where specially severe treatment is expected. 

54. The standard export barrel is of better stock than the 
‘‘domestic," and is reinforced with cross pieces in the heads and with two 
iron hoops. It costs from 5 to 10 cts more than the “domestic" bbl, vary- 
ing with cost of cooperage stock. 

55. The special export barrel costs 10 to 15 cts more than the 
stamlard export bbl. It is all-hardwood, heavily hooped and reinforced, 
with wood cross-pieces in the heads, iron hoops, and clamps to hold the 
heads in place. A heavy waterproof lining is used instead of the heavy 
Manila paper used with the standard export obi. 

56. Most cem is now packed in “cloth” or paper bags, except for ship- 
ment by sea. 

^ 57. Cement bagtt are made of cloth (canvas or cotton duck) and of 
"rope Manila" paner. When empty, they measure about 17 X 28 ins. 
(See Digest of specification of the Am Soc for Testing Materials.) A “cloth" 
bag is usually charged to the purchaser at about 10 cts, and credited at 
about 7.5 cts when returned. Paper bag;s are charged at 2.5 cts each 
and are not returnable. 

5H. The use of paper bagfii obviates loss of time in emptying and re- 
turning bags, shortage on lost or damaged bags, and loss of cem m transit 
t>r by failure to empty bags completely; but paper bags are more likely to 
lose their entire contents by breakage, and pieces of broken bags may get 
into the work and weaken it. 

69, For large work, cem has frequently lieen Hhipped in cars in 
bulk, with little loss or damage, provided the cars are carefully selected. 
This method is especially advanta^ous where the cem is tested at the mill, 
stored in “accepted bins,” and shipped direct to the work, in sealed cars. 
The cars may be unloaded by automatic conveyors. Bags and bbls are 
often preferr^ as furnishing a convenient means for keeping account of the 
quantities of cem entering the work; but, in large operations, there should 
be no difficulty in arranging to keep such accounts with bulk shipments. 

Aifc. 

60. ” Avinv” consists in the slaking of the free lime remaining in the 
cem after burmng. Go^ Portland cem is improved by a few weeks 
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aging in dry air; and, if kept dry it deteriorates but slowly under even 
long storage; hut nat cenis usuall> suffer by aeration; and cems in general 
being composed of compounds with a 8tr(»ng affinity for water, deteriorate 
if exposed to dani]>iu‘s.s. Hence, protection from moisture, even that of 
the air, is very C'-'-enliul for the pieservation of cems, as well as of qiuck- 
lime. With this precaution, the cein, altho it may require more time to 
set, than when fiesher, does not otherwise very appreciably deteriorate in 
many months. 

61. Storage, under pressun', tends t<» the caking of cems, which, there- 
fore, does not necessaiilv indicate deterioration. 

62. lleHlorntioii by rebiiriiiii|t'. (Vms which have deteriorated by 
exposure, may be in great measure restoied by reheating to redness. 

63. If cem is Hlorod in warm plaroN. it is apt to “flash” when 
mixed wirti water, t. e., to .set mucli moie lapidly than it should. 

TeMinis:. 

See Digests of Specifications, A .S (’ K, f) ; Engng Standards Comm 
of Gt Brit, p 940; Report of Jioard of U S Kngr Officers, p 937. 

64 . Thoro chemical lentH of cem can of course be imule only by 
expert chemists; but the following simple test may be made by the engi- 
neer. Treated with hydrochloric acid, “pure Port cem effervesces slightly, 
gives off some pungent gas. ami gradually forms a bright yellow jelly, with- 
out sediment. Powdered limestone or cem rock, mixed with the com, 
causes violent effervescence, the acid giving off .strong fumes until all the 
lime carbonate is decomposed, w'hen the yellow jelly forms. C^uartz sand 
remains undiasolved. Reject cern containing these adulterants.” Judson, 
“City Roads and Pavements.” The presence of slag is generally indicated 
by the sulfur present, which causes a milky appearance, if the cem be agi- 
tated in a solution of hydrochloric acid in water. 

65 . Fuller and Thompson found tliat cems, which failed to stand this 
test, failed also to set properly, while cems which paased it, also passed 
more elaborate chemical teAs. (Trans A S C E, Vol 59, '07, Dec, pp 73-4.) 
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properties and Tests of t^ement. Report of Board U. S. A. 
Eiiffiiieer Ollicers. Pioperties aiul tests of Portland, Natural and Puz- 
zolau * cements. Diyc.st of a Iie|)orl of Majoi-s W, L. Marshall and Smith S. 
Jjcach and Capt. Spencer Cosby, Board of Engineer Officers, on testing Hydraulic 
Cements. Professional I^apeis, No. 28, Corps of Engineers, U. S. A., 1901. 

Unfortunately, tests for acceptance or rejection must be made on a product 
which has not reached its itiial stage. A cement, when incorporated in masonry, 
undergoes chemical changes for mouths, whereas it is seldom jiossihle to 
continue tests for more tlian a few weeks at the most. 

A lew tests, caielnlly made, are more valuahiethau many,imnlp with less care. 

('emenl which has been in Mtoraj^C fora long time slioiild he carefully 
tested liefore use, m order to detect deterioi at ion. 

A cement should be rejected, without regard to the projorlioii of failures 
among sam|i]es tested, if the samples show dangerous vaiiaiion in quality or 
liicU ol eaie in maiinfaeture, and resulting laek ol uniformity in the product. 

The piaet icLMii otleting a boiiua tor eenieiit showing an ahnoriual strength 
is objectionable, as it leads to the production of cements with defects not 
easily delected. 

hot Poitliindor Puzzohin cement, maki tejilt* for (1) linenessof grinding; (3) 
specilie giiivity ; (R) soundness, oi constancy of vohnne in setting; (4) lime of 
setting, and (.1) tensile strength. 1 or Natuial cement's omit tests (2; and (3). 

(1) FinenesN. Cementitious quality resides principally, if not wholly, in 
the very iinely gtouud particles. Use a No 100 sieve, woven fiom brass wire 
No. 40 Stubs gage; silt until cement eeases to pass thiough. The percentage 
that has passed thn-.-gh is di'teiniim'd by weighing the residue on the sieve. 
The screen should he freqiu'utly examined to see that no wiios have been 
(li'Jplaced, 

(2) Specific {gravity. The specific giavity test is of value in determining 
whether a Portland cement i^ unadulterated. The higher the hiirniug, short ol 
viti ificulinn, the belter tiieeemenl and thehigher thespecilie guivity If niider> 
binned, the speoitie giavity of I’oitlami eement may fall lielow 3 ; if overhnriied, 
It may reai'li 3..'). Natural eemenl has a sjieeifie gravity oi about 2.5 to 2.8, and 
Piizzolan about 2.7 to 2 8 

The temperature may vary hetw'eeii 60*^’ ;md 80® F. Any approved form of 
volniuenometer or specific gravity bottle may he used, giadiiated to euhie centi. 
meters witii decimal subdivisions. Fill the lustiument to zeio of scale with 
hciizine. Take 100 grams of sifted cement that has lieen pieviously dried liy 
eKi»(isnreon a metal plate foi 20 minutes to a dry heat of 212° F., and iillow it to 
jiass slowly into the benzine, taking care that the powder does not. stick to tint 
sides of tlie graduated tube above the fluid, and lliat the funnel, through which 
it is introduced, does not toueh the fluid. The approxiniate specific giavity will 
he represented iiy 100 divided by the displacement in cubic centimeteis. The 
operation requires care, 

(3) SoiindnoMN. and (4) HettinytT qualitiOM. The temperature should 
not varv more than 10° Iroui 62° F. For Poi tland eeraent use 20, for Natural 30, 
and foi’Puzzolan 18 per cent, of water by weight. Mix tlioronghly for Sminutea. 
On glass plates make two cakes about 3 inches in dianielcr, inch thick at the 
middle and drawn to thin edges, and cover them with a damp cloth. At the end 
of the minimum time sjiecified for initial set, apply neeille inch diameter, 
weighted to % pound. If an indentation is made, the cement passes the require- 
ment tor initial setliug. Otherwise the setting is too rapid. At the end of the 
maximum time specified for final set, apply tlie needle inch diameter, loaded 
to one pound. If no indentation is made, the cement passes the requirement for 
final set. Otherwise the setting is too slow. 

(tenerally speaking, both periods of set are lengthened by increase of moisture, 
and shortened by increase 01 temperature. 


• By Portland cement, in this report, is meant the product obtained by 
calcining intimate mixtures, either natural or artificial, of argillaceous and 
calcareous substances, up to incipient fusion. By Natural cement is meant 
one made by calcining natural rock at a heat lielow incipient fusion, and grind- 
ing the product to powder. By Pnaaolan is meant the product obtained by 
grMiding slag and slaked lime, without subsequent calcination. 
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In gaging Portland cement in damp weather, the samples should bethoroughlv 
dried l^fore adding water. This precaution is not deemed necessary with 
Natural cement. Sufficient uniformity of temperature will result if the testing 
room be coraforlably warmed in winter, and if thes[>ecin]cnB be kept out of the 
sun in a cool room in suiniiier, and under a damp cloth until set. Temperatures 
may vary between 60° and 80° F., without atfecting results more than ths 
probable error in the observation. 

Boilinjif test. Place the two cakes under a damp cloth for 24 hours. Place 
one of them, still attached to its plate, in water 28 any s ; immerse the other in 
water at about 70° F., and let it be m a rack above the bottom of the re<;<*ptacle; 
heat the water gradually to the boiling point, maintain \lie heat for 6 bouts and 
then let cool. The boiled cake should not warp or become detached from the 
plate, or show expansion crack.s. If the cold-water cake shows evidences only 
of swelling, the cement may be used in ordinary work in air or fresh water for 
lean mixtures, but if distortion or expansion cracks appear in it, the cemeut 
should ^ rejected. 

Accelerated tests are not generally reconiiiiended, but where a test must 
be made in a short time, the boiling test is considered about tlic liost. It not 
only gives sboit-liiue indications, but at once directs atleiition to the presence 
of ingredients which might lead to disintegration. On the other haiia, it may 
lead to the rejection of a cement which would liehave satisfactonly in actual 
work and whicli would stand the test after air-slaking. Sulphate of lime, while 
enabling cements to pass the boiling tests, introduces an element of danger. 

(5) Tensile tests are preferred to flexural or compressive tests. Sand 
tests are the more important and should always be made; and neat tests should 
be made if time |KirniiUs. 

A cement which tests moderately high at 7 days, and shows a substantial 
increase in strength in 28 days, is more likely to reach the maximum strength 
slowly and retain it indefinitely with a low modulus of elasticity, than a cement 
which tests abnormally higli at 7 days with little or no increase at 28 days. 

Use briquettes of the form recommended by the American Society of Civil 
Engineers,* measuring 1 inch square in cros.s-section at place of lupture, and 
held bv close-fitting metal clips, without rubber or other yielding contacts. The 
tests should be made immediately after taking the briijnettes from the water. 

Neat tensile testM. Use unsifted cements. For Portland cement, use 
20; for Natural, 30; and for Puzzolan, 18 per cent, water by weight Place the 
cement on a smooth non-absorbent slab; in the middle make a crater sufficient to 
hold the water; add nearly all the water at once, the remainder as needed ; mix 
thoroughly by turning with the trowel, and vigorously rub or work the cement 
for 6 minutes. 

Place the briquette mold on a glass or slate slab. Fill the mold with consecu- 
tive layers of cement, each to lie % inch thick when raiimied. Give each layer 
80 taps with a soft brass or copper rammer weighing 1 pound, having a face ^ 
inch diameter or 0.7 inch square, and falling about ^ inch. 

After filling theinold and ramming the last layer, strike smooth with a trowel, 
tap mold lightly on side, to free cement from plate, remove the plate, and leave 
for 24 hours, covered with a damp cloth. Tlien remove the briquette from the 
mold and immerse it in fresh water, which should be renewed either continu- 
ously or twice in each week during the specified time. 

Tensile tests with sand. For Portland and Piiz/olan cements, use 1 
part cement to 8 parts sand ; for Natural or Roseudale, 1 to 1. Use crushed 
quartz sand, passing a No. 20 standard sieve, and being retained on a No. 30 
standard sieve. 

After weighing carefully, mix dry the cement and sand until the mixture is 
uniform, add the water as in neat mixtures, and mix for 6 minutes. The con- 
stituents should be well rubbed together. 

For maximum strength in tested briquettes, Portland cements reqnli^ 
water — 11 to 12^ per cent, by -weight of oonstltuent sand and cement ; 
Natural, 15 to 17 ; and Puzzolan, 9 to 10. 

A machine which applies the ntreMN automatically and at a uniform rate 


♦Hee page 1236. 
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of increase is preferable to one controlled entirely by hand. The stress 
should be increased at the rale of alwut 400 lt»s. per minute. A rate materially 
greater or less than this will give different results. 

The highest tensile strength from each set of briquettes made at any one time 
is to be con.sidered the governing test. 

Field tCMia are recommended, whether or not the more elaborate testa 
above deseiibed have been made. In connection with tests of weiglit and fine- ^ 
ness, and observations of texture and hardness in the work, field tests often 
sutlice for well-known brands, showing whether the cement is genuine and 
whetlior it is reasonably sound and active. Pats ami balls of neat cement from 
the storehouse, and of mortar from the mixing platform or niaclnne, should be^ 
IretiucMitly made. Estimate roughly the setting and hardening qualities by 
nressure of tiu' thuml)-nail ; liardne.s8 of set and strengt.li by breaking with the 
hand and by dioppuig upon a hard surface. The boiling test may also be used. 
Sliould the simple to-sts give unsatisfactory or suspicious results, then a full series 
of tests shouhl tie carefully made. 

A cement, may be rejected if it fails to meet any of the following requirements. 


and . 


Finenps,s. Percentage to p 

100 sieve as in (1) 

Specific gravity. 

Time of setting. 

I 

Final, not less than . 
nor more than 
Tensile strength, neat, 
lbs. per sq. in. 

Tensile strength. With sand, ^as in J5). 
tbs. per sq. in. 


Requirements. 

I’ortland. Natural. Puzzolau. 
Slow. Quick. 

s through a No. 


f 7 days f. 
davsf . 


( 7 daysf 
128 - 


daysf.. 


. 87 to 92* 

80 

97 

.. 3.10 

310 

Not 

2.7 

.. 3 25 

3.25 

given 

2.8 

.45 ni. 

20 m. 

20 m. 

45 m. 


;i0iu. 




45 111. 



”.lbh.* 

2.5 h. 

4h. 

IJh, 

.. 450 

400 

90 

350 

.. 540 

480 

200 

500 

'.. 140 

120 

60 

140 

.. 220 

180 

150 

220 


*1)2 per cent, is quite commonly attained by high-grade American Portlands, 
but rarely by imported brands. For the latter, use 87. 
t Reject any cement not showing an increase at 28 days over 7 days. 
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DIGKNTN OF NPEFIFICATIONN. 
Reqnireiiientf*. 

American Society for TcNtinisr Materials*. 


BiffCMl of Specification adopted by the Society, Nov 14, 1904. 
See Amendments of 1908 * 

Adopted by Anhii of Am Portland Cement Mfrw. June 10, 
1904,* and by Am Ry A Malpt of Way Asun, Mar 21, 1905.* 

1. Packa^eH. Brand and mfr’s name plainly marked thereon. Bag 
to contain 94 lbs net. llbl I'ottland = 4 bags; nat, 8 bags. 

2. Tents in accordance with recommendations of Comm of A S C E, p 
1234. “Cem, fading to meet the 7-<lay requirements, may be held awaiting 
the results of the 28-day tests before rejection.” 


3. <|nalitioN. 

Natural 

Portland 

Sp gr, cem thoroly dried at 100° C.* . . 

Loss of wt, on ignition 

Fineness. Percentage, bv wf . 


min 3.1 


... * 

Residue op No. 100 sieve 

max 8 

“ on No, 200 sieve 

... max 30 

max 25 

Tiijie of setting, mins, initial 

mill 10 

mm .30 

" hard 

( min 30 

f mm 60 

• * \ max 180 

\ max 600 


Tensile strgth, 

Min requirements,* lbs per sq inch; briquettes 1 inch square section. 
Bmiueftes must shiiw no retrogression in strgth during specified 


periods, 

1 day in moist air in all cases. 

Neat 

24 hours 

7 days 

28 day.s 

1 part cem, 3 parts standard sand. 

7 days 

28 days 

Soundness (constancy of volume) 

(For normal and acceleratcii tests, see 
digest of A S C E Speefns, p 945). . 


Anhydrous sulfuric acid 
Magnesia 


Natural 
. 50 to 100 
.100 to 200 
200 to 300 

. 25 to 75 
. 75 to 1.50 


.to stand 
normal t est 


Portland 
1.50 to 200 
450 to 560 
550 to 650 

150 to 200 
200 to 300 


to stand 
normal and 
accelerated 
tests. 

max 1 .75% 
max 4 00% 


En^inccrinK SfandardM Committee of Great Britain., 

Adopted Nov. 23, 1904. ^ 

1. Consi^nmenta of from 100 to 250 ton.s to have expert testing and 
chemical analysis. For consignments of less than 100 tons, makers shall, if 
required, give certificate, for each delivery, that cem meets this spec’n. 

2. fiamplca. Test samples to be taken as soon as bulketl at factory 
or on the work, at consumer's option. Samples to be taken from each 
“parcel,” each sample consisting of com from at least 12 diff po.sitions in 
same “heap,” mixed together and spread out, 3 ins deep, for 24 hours, at a 
temp between 58® and 64® F. 

* Amrndmentti adopted by Am Soc for Testing Materials, Sep 1908' 

Strength. The means of the values given shall be taken as the 
requirea minima where these are not siiecified. 

Natural Cement. Omit si^cification for specific gravity. a n n 

Portland Cement. Specific gravity. For “thoroly dried at KXr C, 
read “ignited at a low red heat.” 

Loss of weight, on ignition, > 4 %. 
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Kequircmentc*. £nf;lii«erln|r Standardn Committee of 
threat Britain. Continued. 

Su FiiienoNH. 

Meshca 

' I ‘ Wire Ileaidue not 

per lin inch per sq inch diam, ins to exceed 

76 5,776 0 0044 5.0 % 

180 32,400 0.0018 22.5 % 

Wire"W'oven, not twilled. 


Residue not 
to exceed 
5.0% 
22.5 % 


4. TeiiNile sitrenf^tli. 

Test room temperature, 58° to 64° F. 

Water, fresh, renewed every 7 days. Temp 58° to 64° F. 

Paste, smooth, easily worked, that will leave the trowel cleanly in a com- 
pact mass. 

llrupiette, filled, not rammed, into mold resting upon an iron plate, and 
left until eem has set. Briquette kept in damp atmosphere 24 hours; then 
m w'ater until broken. Clips. See Fig. 1. 



Inches 


Fig; 1 . Briquet and Clips. British Standard. 


Load, start at zero. Add 1(K) tbs each 12 seconds. 

Neat test. 6 briquettes at 7 days, and 6 at 28 days. Av of the six ac^ 
cepted as the tensile strgth of the cement. 7 days, < 400 lbs per sq, inch; 
28 days, < 500. 

When 7 day teet i» bet.- 

400 and 450 lbs per sq. in 25 per cent. 

450 and 500 “ “ “ “ 20 “ 

500 and 550 ‘‘ " " " 15 

550 and over " “ " " 10' “ 

Test with sand. By wt, 1 cem, 3 standard sand from Leighton Buzzard, 
thoroly washed and dried. Sand must pass No. 20 sieve of 0.0164 inch 
^re, and remain on No. 30 sieve of 0.0108 inch wire. Mixture thoroly 
]Jf«ttetL but without superfluous water. 7 days, 120 lbs per sq inch; ^ 
'Wys 225. Increase, from 7 to 28 days, not less than 20 %. 
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ReqnlrementA. Engrineerinic Nf nndardfii Committee of 
Great Britain. Continued. 


5. Setting:. 

Quick... 
Medium. 
Slow — 


maximum 

minimum 

... 30 

10 

...120 

30 

...300 

120 


“Set" has occurred when needle, loaded with 2}4 lbs, with flat end Me 
inch square, fails to make an impression. 

6. SonndneNN. Le(3hatelier test. Expansion not to exceed 12 mm 

after 24 houis aeration; 6 mm after 7 days. ' 

7. Specific ipravlty. Not less than 3.15, when sampled and hermeti- 
cally sealed at makers’. Not leas than 3.10, when sampled after delivery to 
consumer. 


8, AnalyHlft. 

Water, > 2 %, whether added or naturally absorbed from the air. 

Calcium sulfate, > 2 % of wt of cem, calculated as anhydrous calcium 
sulfate. 

Lime, > enouf^h to saturate the sihca and alumina. 

Insoluble residue, > 1.5 %. Maj^nesla, > 3 %. Nulldrlo an* 
hydride, > 2.5 % 


Te«(ts. 

American Society of Civil Eng:ineerf». 

Diftest of report of Committee on Uniform Tests of Cement,* Jan '03, as 
amended Jan '04 an(i Jan '08. 

1. Nelcction of samples left to discretion of engineer. Number of 
samples and quantity tf> be taken from each package depend upon impor- 
tance of work, upon number of testa to be made and upon facilities for 
malung them. Where conditions jiermit. sample one bbl in ten. Individual 
samples may be mixed, and av tested: but, where time permits, test sepa- 
rately. 

2. Barreled cement to be sampletl through a hole made in the center 
of a stave, midway between the heads, or in the head. Bagged cement to 
be sampled from surface to center. 

3. NampleH to be coarsely screened thru a No. 20 sieve. 

4. Chemical analyciift may show adulteration in the case of cems 
rich in inert material, but b not conclusive evidence of quality, Committee 
recommends method proposed by Committee on Uniformity &c , New Yorlt 
Section of the Society for Chemical Industiy, see E N, '03, Jul IG, p 60; 
ER, '03, Jul ll,p49. 

5. Specific g:ravity test. LeChatelier's method recommended. Figl. 

Flask, D, 120 cubic centimeters (cc); neck about 9 mm diam and 20 cm 

long, with bulb, C; vol, betw marks, F and E, 20 cc. Neck graduated, to 0.1 
oc, above F. Necl^of funnel, B, enters neck of flask, and extends to top of 
bulb, C. Use benzine (62® Baum6 naphtha) or kerosene free from water. 
During the operation, in order to avoid variations in the temperature of 
this liquid, the flask is kept immersed in water, in a jar. Two methods, viz. 

(a) Flask filled to lower mark, E. Weigh out 64 grams (2.25 oz) of the 
cem powder, cooleil to temp of liquid. Thru the funnel, B, introduce the 
cem powder gradually until surf of liquid reaches the upper mark, F. Then 
64 grams, minus wt of powder remaining unused, =» wt, w, which has dis- 
placed 20 cc and 

Specific gravity «=» w / 20. 

(b) Fill, with liquid, to lower mark, E, as before. Add the entire 64 
grams cem powder, liquid rising to some division of the graduated neck. 


♦Gfo. S Webster, Richard L. Humphrey, Geo. F. Swain. Alfred Noble, 
liOuis C. Sabin, Spencer B, Newberry, Clifford Richardson, F. H. Lewis, 
W. B. W. Howe. A S C E, Proceedinp, Jan ’0.3. Peh ’fM 08. 
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The reading of this division, plus 20 cc, is the vol, v, displaced by 64 grams 
of the powder; and 

Specific gravity = 64/i;. 

6, FlncneNN. Sieves should be circular about 20 cm (7.87 ins) diam, 
6 cm (2.36 ins) high, with pan 5 cm (1.97 ins) deep, and a cover. 

Sieves should be of wire cloth, 

No. 100, 96 to 100 meshes per lineal inch; wire 0.004,5 inch diam. 

No. 200, 188 to 200 “ “ “ “ “ 0.0024 “ 

Use grams (1.76 oz) or 100 grams, cem; dried at 100® C (212® F). 
Hand sieving preferred. Use No. 200 sieve until one minute continuous 
sieving, at about 2C^ strokes per minute, iiasses not more than 0.1 %. Weigh 
residue, and treat it similarly on No. KX) sieve. A small quantity of large 
steel shot, placed in the sieve, expedites the work. The results should be 
reported to the nearest 0.1 %. 



7. N'ormal consiMteiicy. The percentage of water, used in making 
the pastes, for tests of strgtn, soundness and setting, vitally affects the 
results. Normal consistency is determined as follows : 

The quantitj^ of cem, to be subsequently used for each batch in making 
the briquettes, but not less than 500 grams, is kneaded into a paste as under 
‘‘Mixing,” H 12 quickly formed into a ball, with the hands, and tossed 
six times from hand to hand, held 6 ins apart. The ball is then pressed thru 
the larger opening of the Vicat needle apparatus into the gum ring, /, 7 cm 
(2.76 ins) diam, 4 cm (1.57 ins) deep, smoothed off below, and placed on the 
Khiss plnte, J. Its upper surf is then smoothed off with a trowel. The point 
of the Vicat needle, H, is then brought into contact with the upper surf of the 
'tanapld, and the cyl, L, is allowed to descend. The paste is of the normal con- 
sistency when the needle penetrates to a depth of 1 cm (0.39 in). With tbia 
rather wet paste, the committee believes that variations, in the amount of 
compression to which the briquette is subjected in molding, are likely to be 
less than with a drier paste. 

H. fiiettinif. Vicat needle, H, Fig 2, 1 mm (0.039 in) di^, loaded to 300 
grams (10.58 oz). ^tting has begun when needle ceases to pass a point 5 
inm (0.20 in) above the upper surface of the glass plate; and has terminated 
'vhen the needle does not visibly penetrate the mass. Test pieces kept damp, 
during test, by storage in a moist box or closet, or placed on a rack over water 
in a pan and covered by a damp cloth, the cloth resting upon a wire screen, so 
ns not to touch the test pieces. Keep needle clean; as cem, adhering, seriously 

83 
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vitiates results. Time of settinp; is materially affected by temp of mixing 
water, by temp and humidity of air, by the percentage of water used, and by 
the amount of molding paste receives. 

9. NtBndard sand. Crushed cmaidz objectionable, “especially on ao* 
count of its high percentage of voi<la, the dithculty of compacting in the 
molds, and its lack of unifonnitv.” tkunm recommends natural sand from 
Ottawa, 111. S.an(l to pass a No. 20 sieve, with wire diam -- hidf the diam of 
spaces be tw wires; < 09% to be retained on a similar No. 30 sieve after 1 
minute of continuous sifting of a 500 gram sample. The Sandusky Portland 
Cement Co., Sandusky, ()., has agreed to furnish such a sand at actual cost 
of preparation. 

10. Standard briquette. See Fig. 3. Am Soc Civ Engrs. Dotted 
tines are those recommended by earlier Comm. Trans, Vol 14, Nov. 1885. 



- 1.25 ins. 
c “ 0.25 " 
= contact 
with 
briquet 


Gang Mold, 



11. llfoldN. “ of bra.'w, bronze or some equally non-cornxlible material;" 
sides strong enough to re.sist spreading. Gang mold, Fig 4, recommended, 
because the greater quantity of mortar, required for it, conduces to uniform- 
ity of results. Molds to be “wiped with an oily cloth before using.” 

ISS. Mixine. Proportions stated by wt; quantity of water stated as 
percentage of dry material. 

Metric system recommended. 

Temp of room and mixing water as nea-r 21“ C (70® F) as practicable. 

Sand and cem thoroly mixed dry. Mixing done on some non-absorbing 
surf, preferably plate glass. If an absorbing surf is used, it should first be 
thoroly dampeneil. 

Quantity of material, mixed at one time, depends on number of test 
pieces to be made; about 1000 grams (35.28 oz.) convenient to mix, espe- 
cially by hand methods. , , 

Hand mixing and hand molding recommended. Material weighed, and 
placed on mixing table, and a crater formed in the center, into which the 
proper percentage of clean water is poured; material on outer ediro turned 
into crater by aid of a trowel. As soon as the water is absorbed, the opera- 
tion is completed by vigorously kneading with the hands for an additional 
1 minutes. A sand-glass affords a convenient guide for the time of knead- 
ing. The hands should be protected by gloves, preferably of rubber. 

Molds filled immediately after the mixing is completed, material pressed 
in firmly with the fingers and smoothed off with a trowel, without mechani- 
cal ramming; material heaped up on the upper surface of the mold, in 
smoothing off, the trowel should be drawn over the mold, exerting a mod- 
erate pressure on the excess material. Mold turned over and operation 
repeat^. 
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WeiRh the liTiqiiettea “just prior to iinmersion, or upon removal from the 
moii>t closet,” ajul reject those varying > 3 % finm the uv. 

IS. <Tos«*t. “Amoist closet consists of asoapstoneor slate box, 

or a metal-lined wooden box — the metal limng being covered with felt and 
this felt kept v/et. 'i’he bottom of the box is so constnicted as to hold water, 
and the sul(‘s are inovuled with cleats for holding glass shelves on which to 
place the briquettes. Caie should be taken to keep the air in the closet 
mulonnlv moist.” 

“Where a moist closet is not available, a cloth may be used and kept 
niiifoimly wet bv immer.Hing the ends in water. The cloth should be kept 
from tliieet contact with the test pieces by means of a wire .scieen or some 
similar arrangement.” 

1 1. Imineri^ioii. “.Xfter 24 hours in moist air the test pieces for longer 
periods of time sliould be immersed m w'atcr maintained as near 21“ C 
I lil'' F) as ])raclir*al)le. they may be .stored in tanks or pans, which should be 
of non-corrodihle material ” 

1,1. ToiiNile NtreiiK'tli. Solid metal clip, Fig 5, recommended. No 
cushiomng lietween clip and briquette. Brnpieites broken immediately 
aftet removal from water. Center the brniuette carefully in the clip, to 
avoid tiausverse stresses. Load applied at rate of (iOO lbs per min. “The 
average ol the briquettes, of each saiiqde tested, .should be taken as the test” 
of that sample, “excluding any results which ate manifestlv tauity.” 

I<>. (<'oti<ttan«y of Volnino). “In the present state 

of our knowledge it cannot be said that cement should iiecessarilv be eon- 
demned simply foi failure to pass the accelerated tests (below), nor can a 
eem he considered entirely satisfactory, .simply because it has passed these 
tes*b.” 

I'ats of cern paste of normal consistcy (If 7). aht 7.5 cm (2.95 in^) diam, 
1.25 cm (0.49 in) thick at center, tapering to thin edge, made on a clean glass 
plate about 10 cm (3.94 ms) square. 24 hours in moist air before test. 

(1 ) Normal test. t)ne pat imrflersed in water maintained as near 21® C 
(70“ F) as possible; one in air at ordinary temp. Both observed at intervals 
foi 28 days. 

fj) .Accelerated test. A put is exposed m any convenient way in an 
aliiiosphere of steam, above boding water, in a looscl> clwseil vessel, lor 5 
liours. , , . V .• 

I’at.s must remain firm and hard, and show no signs of cracking, distortion 
or disintegration. Warping may be conveniently detected by applying a 
stiaight edge to the surf which was in contact w’lth the plate. 





uisjjn. j!iix X xaunxAH. 


Hand.* 

CompotiHion. 

1. The sand,* used in mortar, is ordinarily made up chiefly of grains of 

J inartz (silica), with some Impurities, mostly grains of silicious minerals, 
n testing cements, in the laboratory, crushed quartz or some standard 
natural sand is used. (See Sp^’ns A S C K, under Cement, p, 1234.) 

2. The silica of the quartz, in sand, undergws no chemical chanj^c 
in the mortar; but the use of sand, by diminishing the quantity of cem reqd, 
reduces also the cost of the finish^ work. See remarks on strength, under 
Mortar, p 1248. 

NIZES OF ORAIHfN. 

3. Screening;. Sand and gravel are screened, usually in an inclined 
fixed screen, upon which the material is placed by a conveyor, or shoveled 
by hand; or in an inclined revolving cylindrical or hexagonal screen, into 
which the material is fed. 

4. INTethod of quartering'. “To obtain an average sample from 
a pile of sand, gravel or stone, the method of quartering is useful. Shovel- 
fuls of the material are taken from various parts of the pile, mixed together 
and spread in a circle. The circle is quartered, as one would quarter a pie, 
one of the quarters is shoveled away from the rest, thoroughly mixed, 
spread, and quartered as before. The operation is repeated until the quan- 
tity is reduced to that required for the sample.” (T & T, p. 281.) 

mechanical AnalyNis. 

5. The mechanical or granulometric analyHlH of sandM, 

etc., is the deternunation, in any given sand or broken stone, of the propor- 
tions of grains of diff sizes. It is usually performed by means of sieves or 
screens. See H 3. Sometimes, for broken stone, &c., by hand-picking. 

6, Fig. 1 shows mechanical analyses of a gravel and a sand by Mr. Allen 
Hazen (Mass. State Board of Health, Report 1892, pp. 546-7). In order 
to represent both analyses on a single diagram, we have used diff scales for 
diams for the two materials. 

7. In Fig, 1, the diagrams show, for the two materials there represented, 
that 

of the sand, 10 % was in grains under, and 90 % over, 0.055 mm diam 
“ ” gravel, 10% 90% “ 34.5 ” 



*By “sand” or “grovel” we mean a mixture of mineral par- 
ticles with air, or water, or both: i. e., an aggregation of mineral particles, 
with voids betw them said voids being filled with air, or with water, or 
with air and water, as the case may be. 

Hence, the “volume”' of a given quantity of sand or of gravel is the space 
occupied by both the solid particles and the air or water or both, filling the 
voids. 

“Dry sand,” or "dry gravel,” means: not solid mineral, but a mixture of 
dry particles of sand (or gravel) and dry air. 

The solid mineral portion of such sand or gravel, we designate as “solid. 
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8. The effective siase (“ e. s.”) of a sand or gravel, as defined by Mr. 
Hazen (Mass State Board of Health, Report 1892, p 341; Hazen, Filtration, 
pp 21, 240) IS that size, than which 10 %, by wt, of the grains are smaller, and 
<)0 % larger. Or, the length of the ordinate, at 10 % passing, gives the 
effective size. Thus, in the cases just mentioned, Fig 1, we have: 

for the sand, e. s. = 0.055 mm; for the gravel, e. s. = 34.5 mm. 

Uniformity Uoellicient. 

!». Uniformity coefficient. Similarly, let rn = that diam of grain, 
than which 60 %, by wt, is .smalier, while 40 % is larger. In Fig 1, we nave 
for the sand, vi = 0.46 millimeter.s; 

“ “ gravel, m -= 51.00 “ 

The uniformity coefficient (“ u. c. ”), is m/e. a.; and we have: 

for the sand, u. c, — 0.46/ 0.055 — 8.4; 

" “ gravel, u. c. = 51. (X)/34.5 => 1.48. 

10 . With m = e. s., the unif coeff, u. c., would have its least possible 
value, = 1. In general the Ifsa nearly uniform a sand is, as to size, the 

is its “uniformity coeff.” 

11. In ordinary bank sand, the effective size, e. s., docs not vary widely 
Hence the uniformity coefficient, u. c. = m/e. s., varies roughly with that 
(liam, w, than which 60 % of the grains are smaller, and thus serves as an 
inilicafioii of the coarseness, as well as of the departure from 
uniformity, of the sand. (T & T, p. 182.) 

Feret’s Method. 

12. Mr. R. Feret (Annales des Fonts etChauss^cs, 1892, second ^me^ 

ire,) made elaborate experiments as to the effecte of fineness of sand, and 
the mixture of different finenesses, upon the density, etc., of sand and upon 
(^'fferent qualities of thb mortar. He divided his sands into three 

finenesses, as follows. 

Coarse, c, passing 5.0 mm diam == 4 meshes / s<i cm =" 5 meshes / lin in 

Medium, m, " 2.0 " “ = 36 ” / ” ;* “ 15 “ ‘ / * 

Fine, /, “ 0.5 ” ” = 324 ” / ” ” = 46 / 

“Coarse” grains are retained on 2.0 ram diameter; “medium” on 0.5 mm. 





Sand Analyses, Feret, 
See 118. 


18. The results, obtained in a certain case, with diff mixtures of these 
three grades of finen^, are shown in Fig 2, which is similar to diagrams 
used in connection with alloys of three metals. 



Toia», percentage of total vaHume. 
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14. After a (^ven mixture has been analyzed, and its percentages of the 
three grades thus determined, it is plotted, in the triangle, by a point so 

f )laced that its perp dists, from the three sides, respectively, of the equi- 
ateral triangle, are as follows: 

distance from side c *= percentage of coarse grains; 

“ tn = “ “ medium " 

“ “ “ / =■ “ “ fine “ 

15. The plotting of the points, and the measurements of their dists, are 
facilitated by the lines drawn parallel to the three sides respectively. 

16. Thus, point a represents a sand having 20 % fine grains, .30 % medium 
and 50 % coarse, as shown by the three scales; 20, 30 and .50 being the dists 
of o from sides /, m and c, respectively. » 

17. When a series of experiments has been made, upon any given quality 
(as density or porosity, etc, etc) of sand or mortar, as affected by diffs lii 
mixtures of the three fiuene3.ses, they are plotted in this way, and “contour" 
or “iso "-lines are drawn thru those points which rejiresent equal r''sul(s 
in the quality experimented upon. Each “iso”-line therefore rejiresents a 
series of diff mixtures, each of which will give the value (as to den.sity or 
porosity, etc, etc) repre.scnted by it. 

18. Thus, in Fig 3 (T & T, p 144, Fig .51 ) the four contours and (he point 
(0.610) rcpre.sent hve diff mixtures of coarse, fine and medium .samis, said 
mixtures having densities (see 11 20) of 0.525, 0.5.50, 0.575, 0.600, 0.610, 
respectively. 

llensify. 

19. Specific ffravity or nnli wcifflit. Solid quartz weighs about 
165 lbs per cu ft = 2.643 grams per cu cm; sp gr = 2.64 to 2.67. 

20. In mechanics (see p. 338, Art. 14 a) density is defined as the 
mass in unit volume. In sand,* the .solid portions have practically constant 
sp gr. Hence, for a given sand, “density" is used to designate the vol of 
solid in unit vol of sand, or the ratio of solid to total vol. This ratio is 
sometimes called the “absolute volume." Thus, in unit vol of sand, 
“density" =1 — vol of void.s. 

21. The greater the density of sand,* the less cement will be reqd for a 
given quantity of mortar, 

22. The weight, per eubic foot, of a sand,* of given sp gr. 
Taries directly with its density; and this, in turn depends upon the shape 
of the grains, upon their range of size, upon the compacting accomplished, 
as by .shaking, tamping, etc, and Ufnm the dryness of the sand. 



♦ See foot note*, p 1238. 
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33. Fig 4 shows the relation betw (1) the nnit weight and (2) the 
pcrcentanres of Bolld and of voldw, solid quarts weighing as in K 19. 


£flreet of NolHture. 

34. The effect of moisture, upon the vol of a given quantity of 
sand,* is affected by the vol of mr introduced, by the quantity of water, and 
by the shape of the grains. 

‘ See 1111 29 to 31. 

35. It Ls impracticable to measure the vol of air introdnced. and its 
presence vitiates all observations. When sand grains are dropped, one at a 
time, into water, most of the air, surrounding the grams, is left behind in 
the atmosphere; but when sand* is thrown into water in masses, or when 
moist or wet sand is turned over by shoveling, considerable and unknown 
(luantitics of air arc entrained with it. 

26. In moist sand,* the total (or “absolute") vol of voids is usually 
filled partly by water and partly by air. 

37. Within a certain limit, moisture increases the adhesion betw the 
grains of sand, and thus opposes their sliding, one upon the other, conse- 
(juently opposing the compacting of the sand; but, beyond that limit, it 
acts as a lubricant and facilitates the compacting. See HH 24, 25. 


volume, in cu ft, of dry quartz in 1 cu ft of sand;* 

“ “ “ “ “ voids *» j .1 . y ^ 

wt, in lbs, of 1 cu ft of pure solid quartz « 105; 

“ 1 “ “ “ the sand (dry or moist, as the case may be); 
d = “ “ *' “ dry quartz in I cu ft of the sand; (in dry sand, d =» w). 

P — " '* “ “ water added to 1 lb of dry sand;* 

“ “ in (1 + /^) lbs of moist sand; 

1 lb “ “ 

I. .< .. •* tt » ^ 

Then p/P = 1/(1 + P)\ and p - P/(l + P); 
m = wi p; d = w — w p — tv {I — p*); 

K * (w — til p)/W = rf/165; V - 1 — F - 1 — d/165; 

TT/ ^ n/ ^ 

1 “ ?> 1 — P 

29, The proportion, p, of molMturc (lbs of water in 1 lb of moist 

sand), is ascertained by heating a kninvn wt of the moist sand, at not less 
than 100* C (212° F), until no further loss of wt takes place, and noting the 
loss of wt. Then; 

p = loss of weight original weight of portion heated. 

In dry sand (Fig 4) p = 0, w p 0, w = d ; and we have: 

V = w/\V - W/1G5 - d/165. 


Effects of Shape and Size. 

30. Spherical j^rrain?*. If a number of spheres, of uniform diam, 
D, be piled as closely as possible, the ratio of vol of solid to total vol is 

= about 0.74; and the voids (about 0 26 X the total vol) are ohtwo 
o 

sizes, such that thev can be fitted, respectively, with spheres having diams 
= about 0.41 D and 0.22 D. (T & T, pp 169-170.) 

31. Effect Of s;radatlon of nIzcn. The proportion of voids may 
be indefinitely reduced by adding to, and mixing with, the original grains, 
smaller and smaller, or larger and larger, particles, in prope.'- proportions, 
each size occupying a portion of the voids left between the particles of the 
size next coarser. With spherical particles, therefore, the voids are greatest, 
and the wt per unit vol least, when the grains are of uniform size. This 
seems to hold true also for particles of other shapes. 

♦ See foot-note*, p 1238. 

C4 


44 
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Other Properties. 

82 . Tnrbldit^r test for silt In snnd. Spparate the silt from a 
couaiderable quantity of sand, and make up a special sample containing the 
max proportion of silt allowed by the spec'n. Place a small known portion 
of this mixture in a known quantity of clear water in a graduated vessel. 
Shake the vessel until the sample is thoroly washed. Insert a pin horizon- 
tally in the side of a stick near its end, insert that end of the stick into the 
vessel, lowering it until the pm is no longer visible thru the lujuid, and note 
the depth of the pm by means of the graduation. Make several such tests 
and note the average depth of disappearance of pin. In testing samples, 
if the pm disappears at a higher elevation than the standard, the sand has 
more silt than the maximum allowable, and vice versa.* (W. J. Douglas, 
EN,’06/Dec/20. p 648.) 

88. The presence of clay and loam, in sand, may be de* 
tected by nibbing the damp sand in the hand, and observing the condition 
of the hand, or by mixing the .sand with clean water and noting the effect 
upon the water. 

84. Washing^. Dirty sand may be washed in a specially constructed 
sand washer; or, by means of a jet from a hose, in a box so arranged that 
the mud, clay and organic impuritias are floated off, leaving the heavier 
sand behind. 

85. Washing may carry off the finer particles of a well a.ssorted sand, 
leaving it less dense than before. It is well to test a small quantity of tne 
sand, washed and unwashed, before arranging to wash for use. (Jas. C. 
Hain, ER, ’05/Jan/28. p 105.) 

36. The deforce of NharpiieNS of a sand may be eallmated by 

means of the sound emitted by it when kneaded betw the hands or more 
closely estimated by means of a magnifying glass. 
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Constltaents. 

1. ('ement mortar consists of cem, mixt with water, with or without 
some inert granular material, as sand, fine gravel, stone or gravel screenings, 
or ground cinder. Without sand, etc., the mixture is called neat mortar, 
or eoment pattte. 


Amount of Mortar Required for a C'ubic Yard of Masonry.f 

Mortar. 

Description of Masonry. Cu yd. 

Min. Max. 


Ashlar, 18" courses and H!' joints. 
“ 12 " 


Brickwork (bricks of standard size, 8^X 4 X 2H ina.)r 

3 - 1 }" joints 

to joints 

Yu" to joints 

Rubble, of small, rough stones 

" “ large stones, rough hammer-dressed 

Squared-stone masonry, 18" courses and %" joints 

“ “ 12 " “ “ " *' 


0.03 

0.06 

0.10 

0.25 


. . 0.33 
. , 0.20 
. . 0.12 
.. 0.20 


0.04 

0.08 

0.15 

0.35 

0.40 


0.40 

0.30 

0.15 

0.25 


2. Effect of roaMtingr and of subsequent wettinfp. The 

matenals, of which cem is made, are inert or stable compounds, remaining 
practically unchanged under ordinary conditions; but when, in burning 
the calcareous materials are subjected to high temps, either alone or mixed 
with argillaceous materials, relatively unstable compounds are formed, 
ready to enter into new and again stable compounds when their particles 
are brought into intimate contact by being mixed with water, the water also 
entering into the new combinations. The mixture then soon “sets” (loses 
plasticity), and, shortly thereafter, begins to solidify and harden. 

Bee H 8, Cement, p 1223. 

3. In the process of crystallization, the alumina appears to act chiefly as 
a flux, promoting the formation of the lime silicate, upon which the success 
of the operation deiiencls. Iron oxide, which is generally present, seems to 
answer as well as alumina, as a flux, and it requires a less high temp for 
calcination. 


4. The proportion of sand, which should be used in any given case, 
cannot be properly stated without stating also its range of size, or the 
proportion of voids to the whole mass; but, in general, good Portland cems 
Will “carry” from 2 to 3 vols of sand; nat cems from 1.5 to 2 vols. 

3. Approximate qnantltl«» of Portland eementand looae 
Mand per cn yd of mortar. 


bbls cem 

cu yds loose sand, 


Neat 

1:1 

1:2 

1:3 

1:4 

1:5 

1:6 

. 8.0 

4.6 

3.1 

2.3 

1.8 

1.5 

1.3 

. 0 

0.65 

0.87 

0.97 

1.02 

1.06 

1.10 


Cement In Mortar. 

See also CEMENT, p 1222. 

6. Owing to the cheapness with which cements are now manufactured, 
and the superiority of the mortars made from them, the latter have to a 
great extent superseded lime mortars, even in ordinary building 
operations. 

7. In selecting cem, a reputation, gained by years of successful use 
and experiment, IS of greater value than the results of a few tests; but such 
tests are of value for excluding inferior parcels of such accepted brands. 

H. lllirh irrade cements are nsnally economical, even at a 
higher cost, as they allow the use of a larger proportion of the cheaper in- 
gredients, sand, gravel and broken stone. 


*As the strgth, permeability, etc, of a cone depend largely upon those of 
Its mortar, we discuss, under “mortar,” many of its properties commonly 
discussed under “concrete” ,, ^ ^ .r - 

t Taken, by permission, from “A Treatise on Masonry Construction,'^ 
Prof. Ira O. Baker. New York, John Wiley & Sons. 9th edition, 1907. 


by 
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9. Froe liimo. Cem may contsdn "free” (uncombined) lime as a 
result (1 ) of insufficient manipulation of the raw materials, (li) of insufficient 
burning, (3) of an exceas of Iimc carbonate (CaCOs) m the raw materials, or 
(4) of adulteration after burning and grinding. 

10. Tills lime may be present either as quick lime, CaO, or as slacked 
lime Ca(Ull) 2 , either of which may be washed out (the Cat) first becoming 
(3a(Uil)2) by infiltrating water. This, of eouise, weakens the eem. 

11. ^ilavk<*<l I lino takes no pait in the hardening process, but remains 
os an melt filling material. 

12. lluloli lime slacks by absorption of the water used m mixing; 
and, when the burning has been at a high temp, the slacking is delayed. If 
it takes place during the setting of the eem, the swelling ot the lime weakens 
the cein by rendeiing it porous. If slacking is delayi'd until alter liaiden- 
ing, and if the exjiansive force is sufficient, the com is disintegrated. 

13. Gxconh of liino retards setting, and reduces soundness. 

14. Froe Maj^iior^ia. Much uncertainty exists as to the effect of free 
magnesia, in diff proportions, m cem. Like lime, it exiiauds when wet, but 
much more slowly; and its presence may Ihereiorc remain unsuspected until 
too late. Doloniile, or magnesian limestone, contains ab nit 45 % of 
magnesia. Formeily, 3 5 of free magnesia, in cem, was considered dan- 
geious. It is now generally believed that more than ftom 3 to 5 weakens 
the cem, ami that 8 % or more causes cracking. In any propoition, it is 
probably objectionable, at least as displacing an equal quantity of the more 
traluable lime. 


Nand* in Ulorlar. 

See also SAND, pp 1238, &c. 

15. The quality of the concrete depends upon the strength of the mortar, 
and this, in turn, depends largely upon the character of the sand 

16. For a given proportion by wt, the best sand is that which produces the 
smallest vol of plastic mortar. 

17. Wolclit. As betw twm sands, of a given material, the heavier of 
course has the smaller vol of voids. 

18. FinencNW. A fine sand, well assorted as to sizes of grain, and 
therefore dense, may make better mortar than a coarser sand, with grams 
of more nearly uniform size and therefore less dense. 

19. Extreme fineness prevents penetration of the paste betw the 
grains, and delays setting. 

20. Mortars made with fine sand, altho less permeable than those made 
with coarse sand, are apt to be more easily acted upon by sea water. 

21. Shrinkage. Mortars, with coarse sand, shrink less than those 
with fine sand. 

22. Sharpness. It has been customary to insist upon sharpness of 
grain, in sand used for^ortar, probably owing to the impression that sharp 
groins form a better bind with the cem or that sharpness indicates freedom 
from impurities; but the advantage is doubtful. Sands wnth rounded 
grains are commonly used, and with entirely satisfactory results; and the 
laboratory tests generally indicate that sharp-grained sands have no marked 
superiority Roundness of grain facilitates the packing, and thus increases 
the density of the sand. 

23. The Board of Public Works of Porto Rico, with briquettes of 1 : 2 
mortar, found 25 % greater strgth with washed than with unwaabed 
sand. Sand, containing much foreign matter, should be tested before being 
accepted. 

24. In general, the evidence, as to the relative valnea of Hand 
and of Hcreenlnips. appears to be favorable to the use of screening (see 
Experiments), but opinion is divided. The hydraullclty of the aniit* 
in the screenings, may add to the strength of the mortar. 

25. Harry Taylor, Gapt, Corps of Engrs, USA, tested 1650 briquette^ 
of 1 : 3. 1:4 and 1 : 5 mortars, at 1, 3, 6 and 12 mos, with standard crushed 
Quarts, Plum Island sand and ernataer dust. Crusher dust gave briquets 


^‘See foot-note, SAND, H 1, p 1238. 
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2.3 times stronger than sand, and 72 % stronger than quartz. 1 : 6, with 
stone dust, stronger than 1 : 3 quartz. 

26. G. J. Griesenauer, EN, ’03/Apr/16, p 342. Chicago, Mil & St P RR, 
225 tests, as follows ; 

Limestone sereeninKS, 1 : 3, passing No 12, held on No 40 sieve, 
averaged 74 % better than Hammond pit sand, 1 : 3; with all sizes used, 
they averaged 115 % better. Mortar of 1 : 6 screenings was 23 % stronger 
than 1 : 3 sand. Gravel NCreenliiKTS were not much better than sand. 

27. Maryland highways. Briquettes, made with Hi one Hcreenln|plt 
were 34 to 62 % stronger than with Potomac River sand. 

Lime in Mortar. 

28. The HnbHtlIntion of 10 % to 20 % lime iiante for an equal 

vol of cem paste, reduces the cost of the mortar, renders it less “short", 
and slightly retards setting, without seriously diminishing its strgth. Larger 
quantities reduce strgth. (Baker, Masonry Construction.) 

20. li’eret found the effect of lime dependent upon the richness of the cem 
mortar. With 1 : 4 cem mortar, the addition of 4 to 5 % of dry slaked lime 
increased the strgth; while, with 1 ; 1.25 cem mortar, the addition of lime 
lowered the strgth. (Chimie Appliqu6e, 1897, p 481.) 

C'lay In Mortar. 

SO. Laboratory tests indicate that a Hmail admixture of clay 
increases rather than diminishes the strgths of mortar, and diminishes its 
permeability; but, in actual work, the clay particles tend to adhere and 
thus to form lumps having but slight cohesion. 

31. Laboratory conditions, as to dryness, pulverization, etc., cannot be 
reproduced in practice. 

32. When the clay occurs naturally in the sand, it may not be practicable 
to effect a peifect mixture and distribution. 

33. Clay, etc, are more likely to give trouble with dry than with wet 
mixtures. 


I'oitdiHlency. 

34. Relative streiii^tliH of dry and wet mortarft, 1:1. Alfred 
Noble, over 5000 experiments. Strength of dry mortar taken as 100, 
Portland cement Natural cement 


.\ge 30 days 3 mos 6 mos 1 yr 30 days 3 mos 6 mos 1 yr 
Dry Mortar. .. . 100 100 100 100 100 100 100 100 

Moderately stiff. 97 94 97 97 78 89 96 90 

Grout 90 92 91 95 63 77 86 82 

85. U.se dry cone when it is to be heavily loaded at once. Tests indicate 
that wet and dry cone will be equal in strgth within a year. 

36. Wet cone bonds better to old work than does dry cone. Excess of 
tvater increases efflorescence and laitance. 

37. Rule for percentage, W, of water. H. P. Gillette, Coat 
Data, p 266. 

liet S — parts of sand to 1 part cem. Then 
ir = (8 A’ + 24) -i-iS + 1). 

This gives 

when S - 1 1.6 2.0 2.5 3.0 3.5 4.0 

W - 16 14.4 13.3 12.6 12.0 11.5 11.2 

Falk finds that mortars, thus proportioned, adhere well to steel. 

38. 8laff cement requires plenty of water for its proper hardening, 
I'horefore, if used in air, slag cem mortar should be kept damp. 

Netting and Hardening;. 

39. Getting;, or the loss of plasticity, usually occurs within a few hour* 
(sometimes within a few minutes) after mixing cem with water; whereas 
hardening and inereaxe of Htreiigth (which appear to result from a 
different set of chemical processes) often proceed for months or even years. 
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40* Molded blocks of Portland cone, of even 60 tons wt, can 
(Bnerally be handled and removed to their places in from 1 to 2 weeks 

Initial and Final bet. 

41. Initial and final set are stages of the setting process, arbi- 
trarily distinguished by means of the resistance, of the mortar, to penetra- 
tion by cyhndrical wires, of standard diams and loaded with standard wts, 
the blunt ends of the wires resting upon the surf of a pat of the mortar 
formed in a flat cylindrical mold on a glass plate. Sec t S, p 1235. 

Beterm {nation of bet. 

42. Oenl Totten, (Genl Q. A. Gillmore, Limes, Hydraulic Cements and 
Mortars, p 80,) at Fort Adams, R. 1., prior to 1830, used a Via inch wire, 
loaded with 0.25 lb, and a inch wire, loaded mth 1 lb; initial and final 
set being taken as the conditions when these wires, respectively, failed to 
make an impression upon the mortar. 

43. Yicat used but one wire, or “needle.” The A S C E (see specifica- 
tions, p 943) prescribes, for tins needle, a diara of 1 mm (0.039 inch) and a 
load of 300 grams (10.^ oz). Initial set occurs when the end of the needle, 
penetrating a pat of mortar 4 cm (1,57 ins) deep, can no longer approach 
within 6 mm (0.2 in) of the glass plate; and final set when the needle fails 
to sink visibly into the mortar. The mortar, under the setting test, must 
be of “ normal consistency.” or such that a cylindrical rod, 1 cm 
(0.39 inch) in diam, loaded with 3(X) grams, its end resting upon the mortar, 
penetrates 1 cm into it. 

bpeed. 

44. bpeed. Some of the best cems are the slowest setting. A layer of 
very quick-setting com may partially set, especially in warm w'eather, before 
the masonry is properly lowered and ailjusted upon it, and any diaturb* 
ance* after aettinir has commenced, is prejudicial. On the othei 
hand, quiek-aetting; cemeuta are best in certain cases, as when exposed 
to running water, etc. They may be rendered slower by adding a bulk of 
lime paste equal to 5 or 15 % of the cement paste, without weakening them 
senoualy. Nat cems usually set quickly. Slog cem sets slowly. 

45. In general, aettlng; ia accelerated by high alumina and by 
soda and potash in the cem, by freshness and fineness of the cem, by the use 
of warm water and warm sand in mixing, and by warm weather, bet- 
ting; la retarded exceas of lime and silica in the cem, by the presence 
of sand, by wetness of mixture, by cold, by retempering, by salt or sulfuric 
acid in the mixing water, by the presence of 1 or 2 % of lime sulfate, either 
hydrated (gypsum) or anhydrous (plaster of Paris) or of slaked lime, in some 
cases by hard burning, and in genend, by the age of the cement, but the 
storage of new cem in warm places accelerates setting. 

45 a. Oypaum. CaS 04 . Time of setting (initial and final) increased 
rapidly with additions of gypsum ^ to about 2 %, and remained constant, 
or increased slightly, up to 4 %. E. Candlot, “Ciments et Chaux Hydrau- 
Uques.” 

45 b. Time of setting (initial and final) increased, up to about 1.5 % 
^psum, but then decrease, as the gypsum was increase to 7 %. Knis- 
kem and Gass, Sibley Jour of Engng, ^05, Jan. 

45 e. Calcinnn chloride, CaCl 2 . A weak solution retards, but a 
concentrated solution acceleraiea, the setting of Port cems. Thus, with 10 
to 40 grammes per liter, the time of setting reached 500 to 850 mins ; while, 
with 200 to 300 grammes per liter, it was reduced to from 2 to 25 mins. 
Cems with very high or very low alumina are but little affected by CaClj. 
A weak solution (30 to 60 grammes per liter) may render sound a cem con- 
taming free lime, by facilitating the hydration of the lime. E. Candlot, 
'‘Ciments et Chaux Hydrauliques.” 

45 d. From ^ to 1^ % dry CaCjU, ground with cem clinker and made 
into pats of normal consistency (Sw Tests, H 7, p 1235) increased the 
time of initial set from 2 to 167 mins, and that of final set from 52 to 275 
min 3 . With 6 %, the times were 68 and 145 mine respectively, Kniskern 
and Gass, Sibley Jour of Engng, ’05, Jan. 

46< Setting is attended by an Increase of temperature. In quick 
wtting, this increase may amount to 10“ C (18® F) or more. 
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47. Slow Hettini^ cems are apt to harden more rapidly than quioW 
setting. ^ 

4S, In warm air. setting oem, in drying, loses the moisture upon 
which the operation of hardening depends. It therefore Rets without 
hardenlni^. In hot weather every precaution should be taken against 
this. 

49. Cems of the same class differ much in their rapidity of harden- 
ing:. At the end of a month one may gam nearly one-half of what it will 
gain in a year, and another not more than one-sixth; yet at the end of a 
year both may have about the same strength. Hence, tests for 1 week 
or 1 month are by no means conclusive as to the final comparative merits 
of cements. 

50. IWany years arc required to attain the g^reatcRt 
liardneRR; but after about a year the increase is usually very small and 
slow, especially with neat cem. Moreover, any subsoqueut increase is a matter 
of little importance, because generally by that time, and often much sooner, 
the work is completed and exposed to its max loads. 

51. Cems which are slow-setting when miule, are apt to become quick- 
RCtting: (or daRliing:**) when Ktored. especially in warm places, 
and if the cem is underhmed. This is attributed to disintegration of the 
particles and consequent increase in fineness. The change sometimes takes 
place very quickly. This difficulty can usually be overcome, without 
reducing the strgth, by storage in cool placcvs and by adding 1 to 2% of 
slaked firne. On small jobs, a few lumps of lime may be added to each 
bbl of mixing water. 

53. The requirement, not uncommon in specfns, that a certain percent- 
^ of increaRC of streng-th must take place between 7 and 28 
dfayR. tempts the mfr to grind the cem coarsely, or to adulterate it with 
inert material, in order that it may not gain too much of its strgth within 
the first 7 days. 

PropertieM. 

NonndneRR. 


53. llnftonndneRR. in cem mortar, is -the tendency to expand, contract 
or disintegrate in air or water, or under heat and cold. See Specifications. 

54. Cem, of any estabhshed brand, will seldom be found deficient in 
strength; but may be deficient in soundness, upon which durability depends. 

55. UnROundneRR is generally due to excess of free lime, arising 
from incorrect proportioning, overburning, lack of seasoning, or coarseness 
of grinding; the latter preventing perfect hydration. The presence of 
lime Rvilphate (gypsum plaster of Paris) is favorable to soundness. 
Unsound cem is improved by storagfe. 

56. Chanve of dlmeuRlouR during kardeniuK of concrete. 
Cone, placed in air, Rhortens or shrinks during the first two or three 
months; while cone, in water, expandR during about the same time. 
These changes are greater with those cones having the larger proportions 
of com. 


57, 8hrinkag:e of mortar set In air. 

per cent. ins. per 100 ft. 


Neat cement,* 0.132 to O.l^O 1.58 to 1.G8 

Mortar, 1:1,* 0.080 to 0.170 0.96 to 2.04 

Lean mortars, f. 0.030 to 0.050 0.36 to 0,60 


The expansion In water is somewhat less than the contraction in air, 
I'he tot^ change in dimensions is the algebraic sum of that due to setting, 
and that due to temperature changes. 

58. Cone shrinks less when it sets under presanre. Flneneaa of 
Rand is conducive to shrinkage. 


* Trans. A S C E, Vol xvii, 1887, p 214. 

■f Considfere. Experimental Reseaiches on Reinforced Concrete. Trans- 
lation by Moissieff, p 87. 
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Ntrenffth. 

^ 59. Cem mortars are usually tested (by means of briquets) for ienfiile 
8treniK;th. 

60. Factors affectln;;' Mtreni^tli. The strengths of samples, 
under test, are much affected by the temperature of the air and water, as also 
by the force with which the cem is pressed into the molds; hv the extent 
of setting before being put into the water, and of drying when taken out; 
and still more by the pres under which it sets, which increases the strength 
materially. On this account, cems, in actual masonry, may, under ordi- 
nary circumstances, give better results than m tests of sainfiles. The 
causes named, together with the degree of thoioness of the mixing, the 
proportion cd water used, and other considerations, may easily affect the 
results 100 % or even much more. Hence the discrepancies in the reports 
of different experimenters. Specimens of the same cem, tested under 
apparently similar conditions, may give widely diff results. 

61. PorHonal equation. In connection with the building of the 
Croton Aqueduct, New York, one set of testers, testing 8.35 briquets, ob- 
tained an av strgth of 62.3 lbs per aq in; while another set of testers, 
testing ‘J‘134 exactly similar bruiueta bv the same metliods and under the 
same circumstances, obtained an av strgth of 85.2 lbs per sq in, or 36 % 
greater. 

62. Owing to such uncertainties, a se.ries of tests, to be of value, miisl 
cover a lar$pe number orNpeeinienM. in order that the accidental 
diff a may be averaged. 

65. Diffa in comfiarative results with diff materials may be due to one 
or other of several diffs betw the materials. Thus, in companrig mortars 
made with clean and with dirty sands, the strgths may be more affected 
by diffs in density than by the diffs in cleanness of the sand. 

64. Fft'cct of OtfC. The diagram,* Fig 1, illustrates approx the 
strengths of av Portland and of av uat cems. neat and with 2 and 3 parts 



Weeks JUunths Year Years 


Fig: 1* Ago and Strength of Mortar. 

of sand, up to an age of two years. Tests may readily vary 10 per cent 
or more eitherway from the average. 


* See Richard L. Humphrey, in “Cement," Chicago, May, 1899. 
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65. Fig; 2 * HhowN, approximati^ly, the effect of HanA 

Id diff proportions, upon the strengths of Portland and natural cements, atdifl 



Tits 2. Effect Sand up(jn Strength. 


ages from 1 week to I year. The four stAid curves represent average Pori 
land cements, and the four dotted curves represent average natuial cements 
For each kind of cement, the curves represent ages of 1 year, 6 months, 1 
month and 1 week, respectively, beginning at the top. The curves foi 
natural cement are earned only to .5 parts sand. 

66. The coiiiproHNive rciiKrthM of cem mortars, in cubes, appear 
to he about S to 10 times their tensile strengths, and their shearing strgths 
about Vi their tensile stigths. 

67. The adhet^ioii of eem mortars to brieks or rong^h 
nibble, at diff ages, and whether neat or with sand, may be taken at an 
av of about % the tensile strength of the mortar at the same age. If the 
bucks and stone are moist and entirely free from dust when laid, the ad* 
hesion is increased; whereas, if very dry and dusty, especially in hot weather, 
it may be reduced almost to nothing. The adhesion to very hard, smooth 
bricks, or to finely dressed or sawed masonry, is less than the adhesion to 
rough and porous surfs. 

68. Dr. Bohme, Berlin, found tensile strgth -f- adhesive strgth =>'10. 
v\ ith 1 : II and 1 : 4 mortars, and = 6 to 8, with neat and 1 : 2 mortars. 

FiniNh. 

69. Lime mortar and cpm.s, when used as mortar for briek work, often 
disfigure if, especially near .sea-coasts, and in damp eliinules by white 
efilorciiiceiicc, which sometimes spreads over the enlire e\i>osed face of 
the work, and also injures the bricks. This occurs also, to some extent, 
with Portland cems; also in the mortar joints of stone masonry, but to a 
modi leas extent. It injures only porous stone. It is usually a hydrous 
S' Ida or potash carbonate, or magnesia sulfate (Epsom salts) often with 
'»thor salts. As a preventive. General Gillmon* recommends to add to 
every 800 11)6 (I bbl) of the cem powder, 100 lbs of (luicklime, and from 

r<» 12 lbs of any cheap animal fat; the fat to be well incorporated with 
Oie tpiick-lime before slacking it, preparatory to adding it to the cem, 
I'lus afldition will retard the setting, and somewhat diminish the strength 
e.f the eem. It is said that linseed oil, at the rate of 2 gals to 300 lbs of dry 
' em, either with or without lime, will, in all e.xi) 08 ures, prevent efflorescence; 
hill, like the fat, it greatly retards setting, and weakens the cem. See also 
bricks, p 1221. 

76. For pointinic. the best^^ortland cem should be used, and is best 
used neat, but it is often used with from 1 to 2 parts of sand. Mix under 
shelter, and in quantities of only 2 tu 3 pints at a time, using very little 
water; so that the mortar, when ready for use, shall appear rather incoherent, 
and quite deficient in plasticity. The joints being previously scraped otlt 


♦Compiled, by permission, from Prof. Baker's "Masonry Construction.” 
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to a depth of at least half an inch, the mortar is put in by trowel; a strai^t* 
edge being held just below the joint, if straight, as an auxiliary. The 
mortar is then to be well calked into the joint by a calldng-iron and hammer, 
then more mortar is put in and calked, until the joint is full. It is then 
rubbed and polished under as great pressure as the mason can exert. If 
the joints are very fine, they should be enlarged by a stonecutter, to about 
inch, to receive the pointing. The wall should be well wet before the 
pointing is put in, and kept in such condition as neither to give water to, 
nor take it from, the mortar. In hot weather the pointing should be kept 
sheltered for some days from the sun, so as not to dry too quickly. 

Behavior In Water. 

71. Laitance. “When cone is depo.sited in water, ‘especially in the sea, 
a pulpy gelatinous fluid exudes from the cem, and rises to the surface. This 
causes the water to assume a milky hue; hence the French term, laitance. 
As it sets very imperfectly, and, with some varieties of cems, scarcely at all, 
its interposition betw the layers of cone, even in moderate quantities, will 
have a tendency to lessen, more or less sensibly, the continuity and strgth 
of the mass. It is usually removed from the inclosed space by pumps, 
which must be used cautiously, to avoid disturbance of the cone by currents. 
The proportion of laitance is neatly diminished by reducing the area of 
cone exposed to the water, as oy using larfje boxes, say from 1 to 1.5 cu 
yds capacity, for immersing the cone.” (GiUmore, “Limes, II yd. Cems & 
Mortars.”) 

72. Authorities differ as to the oflVet of xea water. II. LeChatelier 
(Internatl Assn for Testg Materials, Procs, lOOfi), finds that the active in- 
gredients of cem (lime, aluminates, silicates) are decomposed by the magne- 
sium salts of sea water, yielding soluble calcium chlorides and lime sulfates. 
The latter, with lime aluminatc, forms a compound whose crystallization 
tends to swell and crack the material. 

73. In view of the notable puddling elTec't of percolating water, 
it would appear that sea water especially, with its numerous salts, ought 
shortly to block its own passage into the cone. 

74. The HnbHtlinUon of Iron for alumina, in cem, is found to 
remove one of the most active reagents in the deteriorating effects of the 
salts in sea water. 

See Cement, H 30. p 1225. 

75. The diMlntee;ratlon of cone In water (salt or fresh) ap- 
pears to be due less to action of the water itself than to the repeated action 
of frost where the cone is alternately exposed to freezing temps between 
high and low water. 

76. Mortar of puzzolano and lime has remained in perfect condition for 
15 to 20 centuries in Italian harbor works. 

77. At the dock at Kobe, Japan, to avmd possible injury, the salt water, 
inside the dam, m as replaced with fresh water, which entered at the surface, 
while the heavier salt water was pumped out from the bottom. 

For Conerote, see pages 1252, etc. 
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Abbreviations, symbols and references, in general uae in the 

articles on Cement, Sand and Mortar, pp 1222-1260, and on 
Concrete pp 1252-1378. 

For references to specifications, see pp 1352-3. 
agg aggregate 

A S T M -.American Society for Testing Material* 

S E American Society of Civil Engineer,* 

Assn Eng Socs. . .Association of Engineering Societies 

cem cement 

cone concrete 

coristr construction 

c c cubic centimeter 

d day 

elas elastic 

E N Engineering News 

E R Engineering Record 

expt experiment 

li, hr hour 

Instn C E Institution of Civil Engineers 

.Jour Journal 

kg - . . . .kilogram 

km kihmieter 

111 meter 

mm millimeter 

mo month 

mod modulus 

mom moment 

nat natural 

Port Portland 

Proca Proceedings 

reinfd reinforced 

1 einfmt reinforcement 

*pecfn .specification 

.slandd standard 

.surf surface 

r & M Turneaure and Maurer, “Principles of Reinforced Con* 

Crete Construction,” 1907. 

T «fe T Taylor and Thompson, “Concrete, Plain and Reinforced,” 

1905. 

Trans Transactions 

transv transverse 

U. S. A Report, Chief of Engrs, U. S. Army. 

wk week 

/ per 

□ square 

square inch 

> greater than, more than 

< less than 

> not more than, equal to or less than. 

< not less than, ^ual to or greater than, at least. 
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For Fement, Kaiid and Mortar, see pages 1222, etc. 

For abbreviations, symbols and references, see p 1251. 

AGliiRKCilArKS.* 

Constituents. 

1. Order of value. (1) Trap, (2) granite, (3) gravel, (4) marble, 
(5) limestone, (6) slag, (7) sandstone, (8) slate, (9) shale, (10) cinders. 

2. The strjcfh of cone, with good sandstone, is nbf)Ut 0.75 X strength 
with trap. With slate, less than half stiength with tiap. (hxxl cinders 
nearly equal to slate and .shale. Hardne.ss of agg incrense.s in importance 
with the age of the cone “because, a.s the cem becomes hard, there is greater 
tendency for the stones thcm.selves to shea* thru, and the hardness ot the 
agg thus comes into play.” (Sanford E. Thomiis-ni, K 11, ’0G/.hin/27, p 109.) 

3. The choice of agg is of course a matter of eoHl. a.s well as of si length, 
&c, of produet. Thus, with gravel sufficiently cheap, as compared with 
broken stone, it may be economical to luse the gravel, or a miv of giavel & 
atone, obtaining the reqd total stigth by using a larger mass of cone In 
foundations, on weak ground, this is avivisable because it distributes the 
load over a greater area. 

4. In many cases, the choice of sand and agg depends largely upon 
what material can be had, and upon its distance Irom the work. 

5. Where cem is cheap, it may be economical to use materials nearest 
at hand, and to depend, for quality, upon excessive use of cem. 

6. Stone which breaks into neaily cubical fragments packs better than 
that which splinteis into long pieces, and the fragments ate less apt to 
break in the finished work. 

7* Good broken stone is usually preferred to gravel. The roughness 
of the stone particles is believed to give better adhesion. Gravel cone 
cannot well be tooled. 

8. <Tn<lor« are sometimes used for the agg. They are ordinarily those 
resulting fium the burning of biluiiiinoiiM coal under boilers. The 
material is mostly a fine ash, containing considerable unburned coal. 

9. Anthracite cinders are less extensively used, the supply being 
less abundant. 

10. Cinder cone, weighing only from 80 to 100 lbs per cu ft, is of 
advantage where li^^htiieNN is reqd. Broken stone or gravel cone weighs 
from 140 to 145 lbs per cu ft. 

11. Clay or loam, adhering to gravel particle^s, destroys or weakens 
‘ the adhesion of the mortar to the stones. The Boston Transit Commission, 
? Report for 1901, page .39, found the ratio of strength, betw cone with clean 

and dirty gravel, about fiO : 45. 

See "Clay and Loam," under "Sand” and "Accidental ingredients,” 
p 1135. 

Slae. 

12. In beams, arches, &c, the Hlae of avgrrci^atc should not exc^ 
1.6 to 2 ins on any edge; but, if it is well freed from dust by screening 
or washing, and if the mortar completely fills the voids, all sizes, from 0.5 
to 4 ins. on any edge, may be used in mass work, as foundations, dams, 
piers, etc. 

IS. With large agg, coarse sand should be used, and vice versa. 

14. It is usually economical of cem to screen sand from gravel or 
fine material from crusher stone, and then remix in the required propor- 
tions. 

Deniiity. 

15, When a solid body is reduced to a mass consisting of broken 
separated by voids, the increase in bulk is due solely to the voids, and is 

♦ By "aggregate,” we mean the solid materials of cone, other than t^ 
oem and sand. The term "aggregate” is sometimes used as including the 
fSjpd also 
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equal to the space occupied by them. Hence the ratio, betw the iiicreaHe 
of bulk, or “swelling.” and the original bulk, is that of the voids 
to the oriffinal, and not to the final bulk. Thus, if a solid cu yd of stone, 
after being broken into pieces, occupies twice aa much sp^e as before, 
then the increase in bulk, or the space occupied by the voids, is = that 
occupietl by solid pieces == half that occupied by the entire broken mass. 

1«. In shan> and angular broken stone, having all its pieces of nearly 
uniform size, about 50 per rent of the vol, when measured loose, will 
i)e voidM. If the sizes of the stones vary betw soniewhat wide limits, 
as from 2 ins down to % inch, the vol, occupied by the voids, will be less, often 
as little as from 28 to 30 % of the whole. 

17. Tests by Mr. Wm. M. Hall (Trans A S C E. Vol 42, 1899, p 132) of 
voids in crushed Green River blue limestone, 2.,5 inrh, screened; very clean 
Ohio River gravel, 1.5 inch, and mixtun-s of the two, resulted as follows: 


Percentage of stone 

‘‘ “ gravel 

100 

80 

70 

60 

50 

0 

0 

20 

30 

40 

50 

100 

" “ voids 

48 

44 

41 

38 i 

36 

35 


These are avs of a number of tests of several bargeloads of materials, 
but there was little variation betw the mixtures. 

18. Stone CruMliern. See Price-list, p 1400. 


r.yriopoan Concrete. 

19. “I'yclopean” cone, consisting of large, rough stones (“dis- 
placers” or “plums”) laid in cein mortar, is largely, economically and ad- 
vantageously used in mass work, especially in dams, where wt and hor 
shearing atrgth are desiderata. The stones need not be flat. They are 
usually drojpt into the wet mortar, without other bedding than that due 
to their fall and wt. Wet cone facilitates the bedding of the stones, and 
bonds better with them than does dry cone. 

20. At Cliandiere water power dam. Canada, the “plums” were 
obtained from hard ledges in the river bed, in good shape for bedding. 
Their agg vol av'd betw 25 and 30 % of the vol of the dam; max, 40 %. 

21* At Transmere Bay Development Works (Procs Inst C E, Vol 171, 
1908, p. W6) the “plums” were of sandstone, 9 ins apart hor’y. Near the 
bases of the walla, they weighed a ton or more. The proportion of plums 
dccreaseil, with wall thickness, from 10 to 7 % of the whole mass. 

22. UnneccfUiary retitrietlona, imposed upon contractors, may 
eliminate the profit due to the use of “plums." See H 19. 
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PliAIlV €0]V€R£T£. 

I. Cement Concrete is composed of broken stone, gravel, cindera, 
•tag, shells, or other hard and inert * material (the aggregate), held together 
by cement mortar, composed of cement and sand. 

AdvantaH:eN. 

3. The principal a<lvanta{i;:e«) of cone are the convenience witn 
which it may be placed, particularly in otherwise difficult situations or 
under water; its availability for subaqueous work; its cheapness, due 
larmly to convenience of placing and to its use of stone too small for masonry; 
and its fire-resisting qualities, as compared with limeslone (which calcines) 
and with granite (which splinters). 

The availability of cone has been very greatly extended by the practice 
of reini’orcettient, which permits its use (heretofore often impracticable) 
in members subject to tension as well as to comnression, as in beams, in 
cantilevers (including dams and retaining walls), in columns, and in 
arches where the rise is cither very great or very small, relatively to the 
span. Reinforcement permits the use of much lighter sections than would 
Imve been safe when use was made only of the compressive strength of the 
material. 

For reinforced concrete, see p 127& 

4. Dlaadvanta(ipea. Cone is rather weaker than good rubble masonry, 
and has onlj^ about half the strength of first class ashlar masonry of granite 
with thin joints in cem. Like both the stone and the mortar in masonry, 
it is subject to deterioration, especially in sea water; but this difficulty is 
being eliminated by the care wnich is being given to the manufacture of 
cem and which is fostered by its extensive use and by the conduct of its 
manufacture upon a large scale. As in all human work, and notably in the 
laying of masonry, care is necessary in order to secure faithful performance, 
upon which the success of the structure so intimately depends. The quality 
of the finished work may, however, be tested by borings. 

5. Cone is used for bring^iiigp up uneven foundations to a level 
before starting the masonry. By this means the number of hor joints in 
the masonry is equalized, and unequal settlement is thereby prevented. 

6. On railroad work, the use of cone may obviate the umc of der- 
ricks, which are a source of interference with, and danger to, trains. 

7. Cone is used to advantage in reinforcing and protectlngT <^ld stone 
masonr^r; but, unless special precautions are taken, the two construc- 
tions are hable, in time, to separate, owing to unequal settlement, especially 
B the ramming has not been thoro. 

Natural Cement. 

§• Natural cement b now seldom used in cone, except in mass work 
where it is not subjected to the wearing action of water or frost, and where 
early strength is not reqd. It is suitable for footings and for low retaining 
walls not subject to serious vibration. 

9. In dams, breakwaters, etc, the core is frequently of natural cement 
oonc; with a substantial outer shell of Portland cem cone. 

Proportlona. 

10. The proportions of cement, sand and agrgrresate should 
theoretically oe determined, either all by wt, or all by measure in loose 
condition; but, in practice, the cem is measured by the number of pack- 
ages used (the contents of the packages being known; see "packages,** 
under "Cement’’) and the sand and agg are measured loose. 


* Without chemical affinity for other materials. 



PROPORTIONS. 




Natural Mix.” 

11. It Is customary to deslirnate the quantities of cem, sand 
and agg, in a cone, by proportions. Thus: 1 : 2 : 4 means 1 part cement 
to 2 parts sand and 4 parts aggregate. Such designation is necessary 
m inatructious to workmen; and, where the ranges of si»e of the particles 
are known, it indicates the character of the cone. The proportions are 
of course governed by the character of the work; but it is inadvisable 
to affect distinctions lietween nearly similar classes of work. 

12. Usual proportions for Portland cement concrete : 

I'lxceptionailv massive work (leveling for foundations, dams, breakwaters) 

1 ; 1.5 : 8 to 1 : 5 ; 10; with nat cem, 1:2: 5. 

Foundations, ordinarily, 1:3:6; sometimes as poor as I : 4 : 8. 

Piers, pedestals, abutments, 1 : 2.5 : 5.5 to 1 ; 3.5 : 7. 

Piers and vaulting in filters, 1 : 2.5 : 5.5. 

Reinforced walls and beams, 1 : 3 : 6; light sections, 1 : 2.5 ; 5. 

Foundation walls, 1 : 2.5 : 5.5; retaining walls, 1 : 2.5 ; 5.5 to 1:3: 6. 
Spandrel walls, 1:3:6. 

(kinduita, drains, sewers, 1 : 2.5 : 5.5 to 1:3:6. 
pAservoir, filter and tank walls, 1 : 1.5 : 3.5 to 1 : 2.5 : 5.5. 

Subaqueous work, 1:2:3. 

Floor systen^ (girders, beams, slabs) 1:2:4 to 1 : 2.5 : 5.5 
Stairways and roofs, 1 : 2 : 4. 

Arches, 1 : 2.5 : 5; light sections, 1:2:4. 

C'opings and bridge seats, 1:1:2 to 1:2:4. 

But the essential requisite is that all the voids, between the particles 
of sand and agg, be filled with cem mortar. Hence, unless the grading 
of sizes, of sand and of agg, is known or assumed, the bare statement of 
proportions, of cem, sand and agg, in a mixture, gives but little useful 
information as to the value of the cone. 

13. Ill reinforced work, in general, richer mixtures should be used 
than those that would be permissible in large mass work. In order to 
obtain proper and reliable adhesion, which is of the first importance, the 
bars must he completely surrounded by cem. 

MaterlalN Required. 

14. Materiala required for a cu yd of rammed Portland 
cement concrete, c = cement, bbls; s -- sand, cu yds; a “ aggre< 
gate, cu yds. IXist screened out. Stones not larger than 1 inch. 


Mixture 

c 

8 

a 

1:2:4 

1.46 

0.44 

0.89 

fTTTTs 

1.19 

0.46 

0.91 

1:3.5 


0.51 

0.85 

1 :3l:6 

1.01 

0.46 

0.92 

1:3:7 

0.91 

0.42 

0.97 

1*4: 7 

0.83 

0.51 

0.89 

1:4:8 

0.77 

0.47^ 

0.93 


With 2.5 inch stone, the quantities of all the materials, per cu yd oonc. 
were increased from 2 to 5 %. With gravel, > U inch, they were decreased 
about 9 %. (Chas. A. Matcham, Natl Builders’ Supply Assn, 1905.) 

15. Let 

B =* No. of barrels of cement reqvl per cu yd cone 

== No. of times 0.141 cu yd cement reqd per cu yd coric; 

P =“ parts of sand (or agg) to 1 part cem. 

Then 

1 /fl = No. of cu yds oonc from 1 bbl cem; 

0.141 P — No. of cu yds sand (or agg) to 1 bbl cem; 

0.141 PB = No. of cu yds sand (or agg) to 1 cu yd oonc 
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Voids. See Weight, p 127 L 

16. Reduction of voids. If stoue having 50 % voids, and sand 
having 50 % voids, be used, with cem, in the proportions: 

Cement, 1 part =■ 0.25 cu yd 
Sand, 2 parts = 0.50 cu yd 
Stone, 4 parts = 1.00 cu yd 

the resulting cone will measure something more than 1 cu yd, and yet it 
will contain unfilled voids. 

IT. These proportions, however, are not economical Ry selecting a 
sand having a ranjife of mIzc, or by mixing two or more sands having 
grains of dift sizes, the voids in the sand can be retluced to say 33 %. Simi- 
larly, the voids in the stone can be reduced to say 35 %. We should then 
have, say: 

Cement, 1 part = 0.12 cu yd 
Sand, 3 parts = 0.3G cu yd 
Stone, 8 parts == l.OO cu yd, 

with results as good as with the I ; 2 : 4 mixture above, although using 
only half as much cement. 

IS. Mr. Geo. W. Rafter (Trans A S C E, Dec, 1S99, Vol 42, p lOti) recom- 
mends that the proportions be stated by means of the ratio of the vol of 
the mortar to the vfil of agg. Thus: a cone containing 75 vols of agg and 25 
vols of mortar, would be a % cone. 

19. Under usual conditions, the voids in the agg Hliould bo filled 
with as nch a mortar as the strength of the work demands. A better cone 
may result from the use of a lean mortar which fills the voids, ’than with a 
richer mortar but partially filling the voids. 

20 . Tho mortar cannot be perfectly di.stributed thni the agg, and some 
of the voids are too small to admit the sand grams. Moreover, tlic mixture 
is liable to disturbance in depositing. Hence, there will be voids m the 
cone unless there is an excess of mortar over the measured voids of the agg. 

21. In practice, the excess of volume of mortar required, over 
the measured voids in the a«, in order to secure the filling of tho voids, 
is usually from 15 to 25 % olthe vol of the voids. But by 15 e'cp’ts with 
limestone. Prof. Baker found that the voids were not entirely filled unless 
the vol oi the mortar exceeded the vol of the voids by 40 %. (Table 13 c, 
p 112 b, Baker’s Masonry Construction, 1907.) 

22. Mr. John Watt Saudeman (Procs, Instn C E, Vol 121, p 219, 1895) 
believes that, lo lusure watertlKhtncss, the vol of mortar should 
be 60 % of the vol of agg having 35 % voids; or, excess mortar = 43 % 
vol of voids. 
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Density. See Weight, p 1271. 

2Ji. Mr. Wm. B. Fuller (T <fe T, p 197) fimis that the greatest density 
is obtained, and consequently the smallest amount of cem reqd, when the 
agg and the sand are so graded that the i)erccntages, by wt, passing the 
vjtnous sieves, are as represented by th.' ordinates of the parabola in Fig. 
1 , where the abscissas represent the aiams, d, of the openings in the sieves 
while the ordinates below the parabola represent the percentages passed, 
and those above the parabola the percentages retained, by these openings 
respectively. 

24. In this parabola d = P^M‘, where <Z = a given diam; P =» 

proportion of particles smaller than d\ M =‘ max diam of stone ( — 2 ins 
in the Fig). 

25. Exp’s (Trans A S C E, Vol 59, pp 67. &c, 1907) show that a saving 
of i2 in quantity of cem may be elTecteti, and a more impervious pro- 
tlmit obtained, by thus grading the sizes of the sand and agg; but the reduc- 
tion may sometimes be offset by the additional cost of so grading, especially 
on small work. 

2«. In the lining of the tunnel for the Sudbury aqueduct, Boston Water 
WorliH, the proportions were 

I cask of Portland cem as it came from the dealer = 3.425 cu ft 


2 % casks of loose sand — 7.35 cu ft 

5 }4 casks of loose crushed stone 18.56 cu ft 

Total 29.335 cu tt. 


Bv slightly shaking the sand and stone, the proportions became practically 
1:2:5. 

These 29.335 cu ft produced from 20 to 21 cu ft cone, rammed in place: 
or say 38 cu ft materials — 1 cu yd cone 
27. Mr. Wm. B. Fuller (Natl Assn of Cem Users, Procs, ’07, p 95) tested 
cone beams, 30 days old, of 1:2:6, 1:3:5, 1:4:4, 1:5:3, 

1:6:2 1:8:0, (all 1 : 8). The strgths compared as in Fig 2. 
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A ggregate. Parts. 

Fig 2. Proportions; strength. 


.2S. From this it appears that, so long as the voids in the agg are filled 
with mortar, the comp strength of cone seems rather to increase than 
diminish as the proportion of stone increases, and to depend largely upon 
the richness of the mortar. 

29. Proportioning; by trial mixtures: (Wm. B. Fuller, Trans 

^ S C E, V0T59, pp 77 , itc). , ^ j 

Having determined the particular sand and stone to be used on any 
Work, provide a strong and rigid cylinder, such as a short piece of 10 inch 
Wrought iron water pipe capped at one end. ‘ 

30. On a piece of sheet steel or other non-absorbent material, we^ out 
and mix together all the ingredients, to the consistency required for ithe 
Work. Place the mixture in the cylinder, tamping carefully and oontum- 
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ously, and note the height to which the cyl is Ailed. Before the mixture 
has time to set, empty and clean the cyl 

31. Make up another batch, using the same srts of oem and of water as 
before, and the same total weight of sand and stone, but with a slightly 
diff ratio of weight* of the sand and stone. 

33. Note the height, in the cyl, rettched by this second and by subseqiient 
mixtures The best mixture is that which mve* the least height in the cyl, 
provided that it works well while mixing, ana that its appearance in the cyl 
shows that all the stones are covered with mortar. 

33. This method enables the engineer to select the best from the materials 
available in any given case. 

Consistency. See also Mortar, p 1246. 

84. Skill and care, in placing, and uniformity of consistency are more 
mportant than the consistency itself. 

35. The extremes of practice are: (1) Cone with mortar about as 
moist as damp earth; only enough water used to show on the top surf 
after prolonged and hard tamping, (2) enough water used to cause the cone 
to quake when first placed, and to allow only of spading into place. The 
proper consistency depends largely upon the character and purpose of the 
work. 

36. Dry cone is generally preferable in large open work where it can 
be thoroly rammed, and where early strength is reqd, as in arch skew-backs. 
When thoroly tamped, it develops much higher compressive strength at its 
early ages, and may have somewhat greater permanent strength, than 
wetter mixtures; but imperfect tamping of such mixtures may result in 
very weak cone, while thorough tamping may render the work more expen- 
sive than the increased strength will justify. 

37. Medium. Present practice favors the use, in general, of mixtures 
wet enough to require only spadmgj but, even in such work, ramming may 
be reqd from time to time for occasional dry batches. 

38. Wet cone is more easily mixt with thoroness, more readily and 
more cheaply laid, and more ea^y forced into the narrow spaces betw 
reinforcing bars. It comes into more perfect contact with the molds, 
thus giving smoother and more nearly watertight surf. It is therefore 
generally preferable (as in buildings) in forms of complicated shape, or in 
thin sections, or where smooth surfaces are reqd. 

39. Wetness retards setting, gives better bond between successive 
courses, gives a compact mass with less tamping, and provides the surplus 
water reqd by absorption in wooden forms. Wet cone is leas hable than 
dry to injury by bad workmanship; but an excess of water reduces the 
strgth, and increases efflorescence. 

40. In "cyclopean" cone, more “plums” can be used with wet cone, 
which allows them to settle down into it, and which bonds better with them. 

41. Mixtures, wet enoag;li to be poured into the forms for columns 
of floors, are frequently used. 

43. The quantity of water required, for a given consistency, is materially 
reduced by wet weather. *' 

43. Water work§ upward thru placed cone. Hence a less pro- 
portion of mixing water may suffice toward the end of a day's work. 


HANDLING AND MIXING. 

Handlingr Ingrredlents. 

^ 1. In designing a plant for handllnjir and mixing cone, the quanti- 
ties to be handted, the areas over which they must be distributed, the 
facilities for procuring and receiving the raw materials, and the working 
apace available, must be considered; and each case will present other factors, 
peculiar to itself, 

2. The arransr^mentfi of such a plant are as various in charac^ 
as are the different kinds of work. In general, these arrangements must tw 
qpeciaUy designed for each important work; and success and economy 
<Hpend largely upon the excellence of the design of the handHng plant. 
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3. Materials may reach the site by cars, boat or team. Be on guard 
against mud and dirt in bottom of vehicle. Sand and agg may be dredg^ 
from stream at the site. 

4. After reaching the work, the materials are carried to the bins, by 
carts, barrows, small cars, dredge buckets, or belt or chain conveyors. 
From the bins they are usually carried by gravity, thru hoppers, to the 
mixer. 

5. Storing^. Gem is commonly stored in sheds or other warehouses, and 
IS handled, separately from sand and agg, in bags or bbls, often by means 
of chain conveyors. 

ft. For brinmng the materials from the bins to the mixers, and 
the cone from the mixers to the work, carts, barrows or small cars are used. 

7. Where the work covers a limited hor area, as in the case of a building. 
OF of a pier or abut, the mixer need not be frequently moved, and 
the arrangements for handling are relatively sunple. 

8. Where the work covers a large hor area, as in a slow filtration plant, 
or where it crosses a valley, as in a dam; cable conveyors, with towers,are us^ : 
or one or more mixing plants are installed in central positions. 

9. Where the work extends along a line of considerable length, as in walls, 
sewers or aqueducts, a railway track, often of broaci gage and with three or 
more lines of rails, is liud alongside, and the materials handled from derrick 
cars, often of designs specially prepared for the work in hand. 

10. The work is facilitated by having the cars, barrows, buckets, etc, 
of known capacity, so that they may serve as measures in proportioning 
the sand ana an. Thus, the cars may hold enough sand or agg for one 
batch, and may dump into larger boxes, each holding enough sand and agg 
for one batch. The cem is usually measured separately, by counting the 
bags or bbls emptied. 

11. Where cars are used, they may be moved by locomotive or by cable, 
reaching the bins by means of an inefined plane. 

13. In the case of a belt conveyor, sand and stone, each enough for 
a batch or other known quantity of cone, and afterward the cem for the same 
(tuantity, are dropped upon the belt from their re,spective bins. 

13. Commonly the meaftnrlngr platform (or the measuring hopper 
for batQl^ machines) is placed directly over the mixer. 

14. For max output, there should be two sets of measuring hoppers, 
one to be dumping into the mixer while the other is filling. 

For washing sand, see SAN D, H 34, p 1242. 

15. may be nrashed in a revolving cylindrical screen, by a jet 
of water under high pressure. 

1ft. Work is often done at ntgrbt by means of electric or other artificial 
illumination. 

17. Portable (flat-car) cone mixing^ plant. Two 6X8 tim- 
bers, 58 ft long, 4 ft apart, laid upon floor of a 34 ft standard-gage flat 
car, their ends projecting 1 2 ft beyond each end of car, and guyed to an ele- 
vated framework on center of car. Each projecting end earned a 2 cu yd 
hopper. Sand and gravel were shoveled into this hopper and discharged 
from it upon a belt conveyor, running hor’y under the hopper and then 
upward to a hopper (3 cu yds) 15 ft above the car floor, over the center 
of the car. This elevated hopper discharged the sand and gravel into a 
H cu yd Smith mixer, placed at the center of the car. Cera supplied to 
the mixer by hand; water from a pipe, laid along the work and provided 
with hose connections. A bbl, filled with water, was carried on the elevated 
framework, to ensure a supply for immediate use. The conveyor belt, 
^ ft wide, consisted of two link-belt chains, with a heavy double-thickness 
canvas belt between them. Belt supported by wrought-iron pipe cross- 
pieces 18 ins apart. The belt forms pockets between the cross-pieces. 
Conveyors, driven by a 9 X 16 inch single-cylinder steam enpue, mounted 
on one end o! the car. Average capacity, 275 cu yds mt day. One lower 
hopper was found sufficient to supply the mixer. (The Chalmette Docks 
of the New Orlemis Terminal Co, E. K, ’06/Jul/28, p 90.) 

, IH. In constructing works which are circular in plM, the imxt coho, 
for floors, oolumna, girders and roof, may be earned to the forms by niea& 
of a truss bridge, the work from a central tower to a track on tlr* 
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circumferential wall. The bridge then forms a revolving crane, carry* 
ing mixers at its outer end. 

Mixing. 

19. General. Each sand grain should be coated with cem, and the 
mortar should coat every fragment of stone in the agg and should be evenly 
distributed thru the whole vol. The stone, if dry, should be wetted before 
adding it to the mortar. 

20. Ttioronesj* of mixing is of the greatest importance; especially 
vrtien the cone is poor in cem or of dry consistency. 

21 . The great strgth ot the cone in the Munderkingen bridge is attributed 
to its thoro miving. The materials were mixt 2 mins dry and 3 mins wet. 

22. Variation in color of mixture indicates change in the proportions 
of the ingredients. 

23. See that any cem, thrown out as defective, is replaced by good cem. 

24. Uftinir concrete. Where the mixing platform cannot be built 
near the level of the top of the structure, the cone may be raised by a power 
lift to the projier level, and then wheeled on level runways.^ For low lifts 
and small quantities, horsepower lifts are used; for higher lifts and larger 
quantities, a small steam or gasoline engine. 

25. In some cases, the mixer and its enclosing frame are lifted bodily 
by the derrick which supplies materials, and deposits them over or near the 
work. 

26. Hand niixlnKT is inadvisable and uneconomical, except on small 
jobs. 

27. In hand mixing, it is usual to mix the sand and cem dry, usually 
by turning with shovels two or three times, until the mixture is of uniform 
color, and each sand gram is coated with cem. 

2§. Water is then added, and the mortar is mixed before the agg is added; 
or the agg may be spread over the dry mixed sand and cem, or these thrown 
upon the agg, and the whole then wet and mixed by two or more turnings 
with shovelsr until the water is thoroly incorporated. 

29. Mixing the cem and sand first, as above, reduces the total labor by 
omitting unnecessary manipulation of the agg. 

SO. Weather. Hand mixing should be well protected against wind 
and rain. Wind blows away the finest (and ther^ore best) of the cem, 
and rain prevents proper (dry) mixing of cem and sand. 

31. For the sub-station of the Brooklyn Rapid Transit Co,, two bottom- 
less rectangular frames were provided, one of which had a capacity of Mi 
cu yd, and was first filled with sand. Seven bags of cement were then 
empti^ on top of it, and the muss was turned several times by five shovelers 
until the color was uniform. It was then leveled, the other frame (1 cu 
yd capacity) was placed on top and filled with broken stone, and water 
was put on with a hose. The mass was then turned four times, shoveled 
into wheelbarrows and deposited in the forms. 

32. With equal care, machine mixing gives better and more 
rdiable results than hand mixing, and is mure economical on large work. 

33. The outpnt ranat be earefhlly watched, as the accidental 
and unsuspected choking of a hopper may cnange its character. 

Hixerfi. 

84. Mixers are of two principal types; "continuous,'’ and "batch.” 

35. In continuous mixers, the raw materials are fed continuously 
into the machine at one end, and the mixed cone is delivered continuously 
from the other end. 

86. The grravity (continuous) mixer is a stationary shute or trough, 
set nearly vert, and equipped with fixed projecting pins or baffles, against 
which the matenal impinges as it descends, and upon which the mixing 
depends. Water is admitted by a spray pipe, at the top of the shute. 
Power is i^uired only to elevate the materials to the top of the mixer, 
usually a lift of about 8 feet. 

37. Other continuous mixers are in the form of open troug^i 
nearly hor. and having a longitudinal revolving shaft, with sorew-like blades 



MIXKR8. 


1261 


attachwl, which convey the material, fed in at the upper end, thru the 
length of the trough, to the lower or discharging end. Water is provided 
by means of perforated pipes along the sides of the trough. 

liH. MoaHiiriii;;:. Continuous mixers re<iuire some means of propor- 
tioning the ingredients of the cone. Various automatic measurers have been 
usefl to a limited extent Sometimes the sand, cem and agg are spread, 
in layers, on the platform of the mixer, and shoveleij into the mixer, Some- 
timo'^, dependence is placixl upon assigning, for instance, one shoveler 
for the eetn, three for the sami and six for the stone; but this method is 
much too crude for most cases. 

Batch inixc^rn deliver the none in batches, the size of which is 
(let ei mined by tlie capacity of the mixer. They have a wider range than 
gravity mixers, and give better control of the jiroiiortioning of the ingre- 
dients. 

4(1. 'I'he oldest and simplest batch mixer consists of a revolving cnhical 
iron box, plain insnJe, mounted on bearings at its diagonally opposite cor- 
ner.^, and provided, on one side, with a sliding gate, for admitting the raw 
raaletials aod discharging the cone. Power is applied thru gearing on 
the shaft, 'riio ingrodieiits may be mixed dry for a numbei of turns, and 
the water then addixl thru the hollow trumons; oi the water may be added 
Ixdore anv mixing is done. The older cubical mixers had to be stopjied, 
both at the time of charging and when deliveiiug the cone. 

41. At Siitieiior h]ntry, Wis., the U. S, (Jovt used a cubical cone mixer, 
chaiging and disehaiging without stopping and without varial ion of speed. It 
was Ojierated by a 7 X 10 inch vertical single steam engine, and turned 
>ut a batch of very i>erfectlv mixt cone in 80 secs. The cone was plainly 
visible during the entire tiroceas. (Clarence (Doleman, Kept of Chf of Engis, 
U. S. A., 1904, Part IV, p :i784.) 

42. In later batch mixers the cubical box is replaced by a (Iriim 
(either cylindrical or made up of two cones), rotated by means of a chain 
on a ring encircling the drum, and provided with vanes or idades fixed upon the 
inside. These blades first can-y up and then drop the material, mixing it 
by the agitation so caused. The discharge is effected, m the Smith (double 
cone) machine, by tilting the machine (like a Bessemer steel converter) 
about its trunions, placed at cen of grav of drum; and, in the Ransome 
(cylindrical drum) machine, by inserting a tilling trough, wliich, in the dis- 
charging position, catches the material as it falls from the blades. 

4:i. To provide against break-dowii.'», extra parts should always 
be furnished with each mixer. 

44. lllanntiii|(. Mixers are either stationary, or mounted on skids 
or wheeled tnicks, with or without steam engine, engine and boiler, gasoline 
engine or electric motor. 

45. The mixer, with its framing, is sometimes lifted bodily from its old 
location, and deposited in a new one, by a derrick or cableway. 

4«. Wheeled cone mixers, with revolving drums, into which the 
ingredients are loaded, and in which they are mixt by means of the forwd 
uovemt of the vehicle, have been used. The motive force may be given 
hv hand, by horse-power or by gasoline engine; and the relation, oetw 
forward speed and speed of rotation, may be regulated by gearing. 

47. Small hand-power batch mixers are furnished; capacity claimed 
> 450 cu ft per day. 

4H. In the choice of a mixer, reliability, as established by success- 
ful use, ia of prime importance, especially where continuity of work is essential. 

4!». Shortage of output may be due to shortagre of power behind 
the mixer, as well as to the imxor itself. 

50. The mixer should be cleaned after each day’s work. 

51. The best cone may be rendered almost worthless by carelessness or 
improper method in the placing. 

52. When cono is dnmpi from a considerable helji^lit, there 
would seem to 1 m danger that the even distribution of materials may be 
disturbed. Hence, if lowered in buckets, these should be brought close t^ 
the work already done, before dumping. However, in the eonetruction oi 
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W)nc piers for a brid^ at Bethlehem, Pa., bv Cramp & Co. (E R, ’09/Mar /6, 
p 280) cone was dehvered, thru an inclined woeden shnte, lined with sheet 
Iron, at a point vert'y 74 ft below the mixer- and the method was found 
io be economical, and the cone uniformly good, and there was no difficulty 
from separation of ingredients. 

53. In work that will show, the layers are usually restricted to about 
6 ins in depth, owing to the difficulty of spading the face work when the 
layers are thicker; but in foundations, and in heavy work above ground, 
if to be faced with masonry, or if appearance is not important, layers of 
wet cone as deep as 2 feet may be used. 

54. If the cone, after placing, is found to be too wot, it is better to 
correct the trouble by placing drier cone upon it. , When surplus water 
is bailed out, some cem i.s earned with it and thus wasted. 

55. Excestilve face spading: brings up water from below, and thii 
washes cera from the face. 

56. WorkH of conHiderabIc loug:th, such as dams and walls, 
are commonly built in sections alternately, thus: secs 1, 3, 5. etc, are first 
built separately, and, when they have hardened, sec 2 is built betw .secs 1 
and 3, section 4 betw secs 3 and 5, etc. The sides of secs 1, 3, 5, etc, thus 
serve as part of the forms for secs 2, 4, etc. This methotl facilitates bonding 
betw the secs, by means of vertical dove-tail grooves, formed, by the molds, 
in the sides of the secs first built. The cone of the remaining secs, placed 
later, enters and fills these grooves. 

57. In freezing; weather, cone can be laid in large masses in water 
or below the ground surf. In excavations, if the ground water is permitted 
to rise over the work during the night, it will usually prevent frost from reach- 
ing the cone. 

5S, At Chaudibre water power dam, cone was laid in tenrpH aM low as 
--20° F. A mixing hemae was erected, and the temp, within, was kept, 
by stoves, above freezing. Materials were lowered into the house oy 
derricks thru hatchways in the roof. Water was kept in casks, and kept 
lukewarm by steam jets. Sand was heated outside the house. Stone, in 
piles 3 to 4 ft deep, was heated (but not dried) by steam jets from a perfo- 
rated pipe, passing under the piles. After placing, the cone was loosely 
covered with canvas, under whicn the nozzle of a steam ho.se was introduced. 

59. In wall foundations, the trench itself may constitute the form; and, 
in dams and arches of cone blocks, the first blocks, placed alternately, 
often serve as parts of the forms for the remaining blocks; but ordinarily 
a considerable amount of timber framing is required. See If 56. 

60. The economy of the work depends so largely upon the dc«ii(lfn 
of the forms, that it is often advisable to modify the design of the work 
itself, or to use more cone than would otherwise be nec’y, in order to secure 
economy. The design should be such that commerci^ sizes of lumber 
may be used, and with a min of wasteful cutting; and such that the forms 
may be readily erected and removed with a minimum of damage to them - 
selves and no damage to the work, and used repeatedly. Where practi- 
cable, the forms are made in sections, small enough to be conveniently 
moved and handled separately. Cutting is economically done by power 
saw benches. 

61. Even in building work, where much of the “centering” must be 
built in place, and where it can be removed only by taking it to pieces, 
the lumber may be used two or three times before it is discarded. Where 
the forms can be assembled in panels, and these panels removed as units, 
they may be used many times. 

62. The requirements of different works, executed under diff conditions, 
vary so widely, that no useful details, as to the construction of the forms, 
etc, except for buildings (see K1I 63 etc), can be given within the limits 
at our (uaposal. The designer should witness the removal of his forms 
before estimating their success. 
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Forms for Bnlldlng:#. 

B3. In relnfd bnlldlnip construction, forms are chiefly : 

(a) Column forms, 

(b) Beam, slab, floor and roof forms, 

(c) Wall forms. 

«4. A typical column form. Figs 1 and 2. The boards, 0, 
ns thick, are held in place by cleats, H, IJi X 5 ins, and by “column 
slips,” C, made of pieces 4X4 ins, and boards, B, IH X 5 ins. These 
‘column clips” must be spaced to take the pres due to the cone. At the 
Kjttom of a column 18 ft high, they should be > 10 ins, cen to cen. At 
he bottom, 4 boards, A, are used, to hold the form in shape, and the boards, 
are cut, on one side of the box, at F, 2 or 3 ft from the bottom, to form 
1 door (cleats, on door, not shown), thru which all mbbish may be brushed. 
The door is then held shut the lower two “column chps,” and the form 
is filled Triangular fillets, T, are used to bevel the corners of the col. 



Flips 1 and 2. Column Form. 


65. Column forms should be so designed that they may be removed 
without disturbing the forms for the beams and girders. The col forma 
may then be bared for inspection, before being load^. 
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66. Tvpioal beam or girder formN. Fig 3. The fonns, or beam- 
boxes, often miscalled “centers," are supported, betw columns, by tempo- 
rary struts or shores, /, 4 X 4 ins, about 6 ft apart, resting on wedges, J, 
an(i the plank K. Corbels, 4 X 4 ms, are placed directly under the 
bottoms, G [iH ms thick) and sides, C (1 14 ins thick), of the beam boxes. 
The sides, C, aie hehi together by cleats, E, IH X 5 ins, 2 ft apart, to which 
are nailed the stnps, /> (1 M X 6 ins), upon which rest the ledgers, B, 2 X ii 
ins, about 27 ins apart. These support the panel boarding. A, 1 J4 ins 
thick; and this, in turn, supports the slabs. Small triangular fillets, T, 
in the corners of the beam boxes, make the box tight and give beveled cor- 
ners to the Ijeam. Beam forms should be given a slight camber. 

67. Tyjiical foriiiH for floom lietw steel buams. Figs 4 to 6, vary 
with span and load. The forms are hung fiom the bottom flange of the 
I-beams, by “hanger bolts," A, Figs 4 and 6, % inch diam, with washers 
and handle nuts. These bolts secure the pieces, E, of 2 X 4 or 3 X 4, upon 


P F 




Tig 6 . 



Fiff «. 

F1§i;n 4, 5 and 6. Floor Forms. 

which the boards, H H II aie supported by 2 X 6 or 2 X 8 ledgers, T> 
(about 27 ins c to c, for % inch boards). Woorien blocks or slicks, B, 
Figs 4 and 5, are sometimes used under the ledgers to reduce their depth. 
Short cone blocks, C, Fig 4, are used, to keep the forims away from the 
lower flange of the steel beam. These remain permanently in the work. 
In order to promote adhesion betw the lower flanges of the I-beams and 
the thin mass of cone below them, the flanges are often wrapped with metal 
lath, before the blocks, etc, are placed. 

68. Wall formN are usually made up in panels, so that they can be 
used several times. The panels are cleated together, and are usually about 
3 X 12 ft. The panels are kept at the proper dist apart by separator.-?, 
of wood or cone, and are held in place by bolts or wire ties. When wood 
separators are used, they must be removetl just ahead of the co>ncreting. 
Cone block or tube separators are sometimes used. These remain in the 
wall. When bolts are used that are to be later withdrawm and used again, 
they should be loosened by means of a wrench, about 24 hours after con- 
creting; otherwise it will be difficult to remove them. 

69. In the Wlederholdt system of reinfd cone wall constructinii. 
the cone is deposited within small hollow tile blocks, which form the finishwi 
exterior surface, and no wooden or other temporary forms are used. ^ k® 
blocks are shaped to meet the requirements of the work. Tiling and con- 
creting are earned up nmultaneously. 
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70. To reduce the cost of forms in reinfd building construction, columns, 

beams, slabs, etc, may be on tho i^round, and afterward ei-ected 

anti placed as desired; at the sacrifice, however, of the rigidity due to the 
monolithic character of ordinary reinfd work. 

71. Metal fortiiM. When the structure is of small and uniform 
cross section, permitting the repeated use of the same forms, as in sewers, 
conduits, tunnels, etc, the lagging, for the wooden forms, may be of sheet 
metal. In tunnels and similar works, of considerable extent, and in small 
ornamental work, forms composed entirely of metal may be used. 

73. Both careless and over-careful allf^niiicnt are to be avoided. 
Mr. W. J. Douglas (E N ’06/Dec/20, p 646) suggests the allowance of “ H 
inch departure from established lines on * finished ’ work, 2 ms on ' unfinished ’ 
work.” 

7;i. Avoid line detail, and detail with sharp angle.s. Corners should 
l)c rounded or beveled, to facilitate the flow of cone and the removal of forma, 
and to render the corners less liable to subsequent injury. 

71. Wooden forniH, within which the cone is to be placetl, should be 
fairly watertight, smooth, and of sufficient strgth and stiffness to hold to 
line under the pres of the green cone. 

75. The forms are usually of dimensioned timber, faced with planed 
boaids or planks. The opening of joints betw the planks may be partially 
prevented by the use of matched boards or of tongued-and-groove<l plank. 

76. Mortar, exuding thru open joints, leaves voids or stone pockets on 
the surface. Hence, in forms for facework, joints should be made 

if necessary, by the use of mortar, putty, plaster of Paris, sheathing 
paper or thin metal. 

77. If the lumber is very dry, when fastened in place, its swelling, due 
to its absorption of moisture, may bulge the boards and pnMluce unsightly 
ft'ork. In such cases, the boards should not be matched, but should have 
their edges slightly beveled, and the sharp angle of the edges of adjacent 
boards placed in contact. Swelling will then crush the edges rather 
than bulge the board. 


liiimber for Forms. 

78. White pine is best for fine face-work, and quite essential forornamental 
constniction when cast in wooden forms. 

79. Spruce, fir, Norway pine and the softer kinds of Southern pine are 
more liable to warp than white pine, but are generally stiffer and therefore 
lietter for struts and braces. 

80. Partially dry lumber is usually best. Kiln dried lumber is unsuit- 
able, as it .swells when the wet cone touches it. In very green lumber, 
especially Southern pine, the joints are apt to open. Green lumber is heavy, 
and does not hold nails well. 

81. For wall-panel forms, tongued-and-grooved or lievel-cdge stuff is 
pieferable to stiuare-edge. Tongued-and-grooved gives smoother surface 
and less opening of joints, than 8<iuare or bevel edge, but is more exiiensive, 
owing to waste in dressing, and there is more wear at joints if the forms are 
Used often. 

82. Even for rough forma, planing on one side may save money by re- 
ducing the cost of cleaning after using. Studs should always be planed on 
one side, to bring them ^^o size. 

8:{. Tliieknc'NS. For ordinary walls, 1 H ins; for heavy construction, 
using derricks, 2 ins. For floor panels, 1 inch boanla are most used; but, 
in tall buildings, they liecome much worn, and give bad finish to under sides of 
lloors. For ffldes of girders, 1 inch or 1 ^ inch answers, but 2 inch is better 
for bottoms. Col forms usually of 2 inen plank. 

81. Studding is usually from 3 X 4 to 4 X 6 inch; 4X4 inch is the most 
useful size. Spacing, usually 2 ft for 1 inch boards, 4 ft fer 1 }'^ inch, 5 ft 
for 2 inch. 

85, Since beams and columns snsfain greater stresses than floor slabs, 
their forms should be left in place longer, and should therefore be indepen- 
dent of the slab forms. 

Sides of beam forms should be clamped or wedged together, to pre- 
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vent their springing away from the bottom boards, under the pressure of 
the cone. 

87. Hardwood wedi^es, at tops and bottoms of struts facilitate the 
setting and removing of the struts, and testing for deflection. 

88. Joists (say 2 X 8 or 2 X 10), with frequent shores, are prefer- 
able to heavier sizes, difficult to handle. 

Ntrenijrth of Forms. 

89. The streiiffth, required for the forms, may be estimated, where 
wet cone is used, by assuming the pres of the cone as equal to that of a liquid 
weighing about 150 lbs per cu ft.* If dry and hard-rammed cone be u^, 
the wedging of the stone, due to the tamping, will considerably increase the 
pressure. 


90. PermtHSlble loadtt, in lbs, on wooden struts for floor comstruo- 
tion. 


Unsupported] 
len^h, ft 


Cross section of si rut, inches 



3 X 4 *= 12 

4 X 4 = 16 

6 X 6 - 36 

8 X 8 - 64 


per 


per 


per 


per 



sq in 


sq i n 


sq in 


sq in 


14 




700 

11200 

900 1 

32400 

1100 

70400 

12 

600 

7200 

800 

12800 

1000 ! 

36000 

1200 

76800 

10 

700 

8400 

900 

14400 

1100 

39600 

1200 

76800 

8 

850 1 

10200 

1050 

16800 

1200 

43200 1 

1200 

76800 

6 

1000 

12000 

1200 

19200 

1200 

43200 

1200 

76800 


91. In timber beams, calculated for strgth, the extreme fiber MlreaN 
is to be taken at 750 lbs per 8(i inch. 

92. Construction live load, liable to come upon cone while setting, 
75 lbs per sq ft on slabs; 50 lbs per sq ft in figuring beam and girder forms. 
This includes weight of men, barrows filled with cone, and structural ma- 
terial piled on floor, but not piles of cem sand or stone, which should not 
be permitted unless specially provided for. 

98. Floor forms should be based upon allowable deflection, rather 
than upon length. Formula: 

384ii7 ’ 12 • 

where 

d ■= deflection, ins; 

W — total load on plank or timber; 

L distance, ins, between supports; 

E «= elastic modulus of lumber used 1,300,000 lbs per sq inch; 

I “ moment of inertia of cross section of plank or joist; 
b breadth of plank or joist; 
h depth of piank or joist. 

In the usual formula for deflection (see p 480) 1 /384 is the coeff for beams 
with fixed ends, while 5/384 is that for merely supported ends. 

Weight of cone, including reinforcemt. iM lbs per cub ft. 

(Sanford E. Thompson, Assn Am Portland Cem Mfrs, Bulletin 13, 1907.) 


Details of Forms. 

94. Too much nailing increases the difficulty of taking the forms apart 
without injury. Wire nails can be pulled with less damage to the wood than 
can cut nails. 


♦"Mr. W. J. Douglas (E N, ’06/Dec/20, p 646) assumes that the cone is i 
liquid of its own weight, or 75 lbs per cub ft. 
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95. Iron or steel wall ties, extending thru the wall and fastening 
the forms in place, are usually removed and used again, if > M inch in diam. 
U > H inch diam, they are usually allowed to remain; but, if their ends 
reach to the outer surface of the wall, they produce unsightly rust stains. 
To prevent this, the cone, surrounding their ends, is chipped out, and the 
rods are cut off, back from the surface. The holes, thus formed, are after- 
ward plugged with mortar. 

90. Ncparnlors (patented by Wm. T. McCarthy, 1 Madison Ave., 
\ew York city), molderf of cera mortar, in the form of hollow cylinders, and 
in lenfrths of 4 and 6 ins, encircling the bolts, are sometunes used After 
the bolt is withdrawn, the hole in the cyl is filled with mortar. 

97. Forms are liable to disturbance by blows from the cone bucket, or 
by the running of machinery in contact with the forms. 

9H. Any cone, adhering to a form, must be removed before the form is 
again used. 

Adhesion to Formn. 

99. Adhesion to forinci. If the wood is new, and if the forms are 
thoroly wet before cone is placed, the cone, if hard, is not apt to adhere 
to the forms when these are removed. If the forms are to be removed 
before the cone is hard, they should, before concreting, be greased with 
material thin enough to flow and fill the grain of the wood. Crude oil, 
Imseed oil, soft soap and other lubricating substances are used 

too. New work is ant to adhere to old sticks, where cone has previously 
adhered, even tho this nas been cleaned off. 

101 . Oil, applied to forms (to prevent their absorption of water or to 
facilitate their removal, 1| 99), is apt to find its way to joints betw old and 
new work, and prevent the formation of a satisfactory bond. Soap and soft 
soap are of course liarmleas in this respect. 

Removal of Formw. 

102. Promatnre removal of forms and props has caused many 
fallureH of cone buildings; but undue delay, in their removal, means delay 
in the work and increase in the number of forms reqd. 

10.^. The French law requires that lest bloeks and sample beams be 
made for every section cast. These enable the engineer to judge intelli- 
gently as to the condition of the actual work. 

104. Props should be removed from one beam or fnrder only at a time, 
arui should be at once replaced after the forms for that beam have been 
removed. This permits the discovery and repair of defects. 

105. The forms may toe removed earlier in warm and dry 
than in cold and damp weather, earlier from under light than from under 
Heavy loads, earlier with quick-setting than with slow-setting cem, and 
earlier with dry than with wet mixtures. See Specifications, pl369. 

106. To release the toeam tooxes. the posts may lie supported oh 
wedges and capped. The posts and caps should not be removed, from more 
than one beam at a time. After the beam boxes have been removed, the 
posts and caps should be replaced before removing the forms from any 
other beams. Or, the posts may be supported sohdly, and capped with 
a Corbel forming the bottom and supporting the side-boards of the beam 
boxes. The side-boards may then be removed, leaving the posts and 
corbels undisturbed. 

107. Prying; against the cone, in removing the forms, may 
injure it. 


Jolnto in Concrete. 

108. Difiicalty. In large work, the joints, betw work done on diff days 
or even before and after an hour’s interval, are apt to give trouble, espe- 
cially where watertightness is reqd. 

109. Cansen. The difficulty appears to be due partly to a surface slun 
or giase, on the surf of the hardened cone, and partly to the presence of oily 
or dusty materials, laitance or sawdust, betw the two surfs. Oil, used 
upon the forms, or saturating the clothing of the workmen, is apt to find its 
way to the joints. Sawdust is particularly difficult to remove. The bond 
<8 especially weak if the older surf is froaen. 
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110. ttcmedleA. Manv remedies have been pr^osed, advertised and 
used, but none has been fully tested by time, Specifications, p 1358. 
Cleanliness of surface and the use of wet mixtures are probably the best 
preventives. Water, used in scrubbing joints, should be rinsed off with 
clean water. A jet of live high-pres steam is very effective, removing even 
sawdust. Hydrochloric acid is used to aflvantage. Patented methods of 
securing bond, at joints, include the use of metallic binders, with their ends 
left projecting from the older surf, to bond with the newer. Another method 
employs a layer of prepared honey-comb slag, sprinkled over the still soft 
older surf; loot» slag being removed after the hardening of the older surf and 
before the placing of the newer material. 

111. Where cone is used in r<‘infor€lnjf and protecting old Htone 
niRNonrjTi a stone should be removed here and therelirom the old masonry, 
and the joints cleaned out and cashed. Key-bolts, with large washers on 
their heads, may also be driven into the face and left projecting into the con- 
crete. The cone should also be carried far enough down the back of the 
wall to prevent water from working down into the horizontal joints on the 
tops of the wing walls and main walls. 

Ramminig. 

113. Ramming of cone is necessary only with relatively dry mixtures. 
When propCTly done, it consolidates the mass about 5 or 6 %, rendering it 
less porous, and very materially stronger. For rammers, see spec’ ns, p 1357 
The men, using them, if standing on the cone, should wear gum boots, 

113. IJndor nat^r. ramming can be done only partially, and when 
the cone is euelosed in bags. A riwe may be used gently for leveling loosely 
deposited cone under water. 

114. Ramming should be discontinued before setting commences. Ex- 
cessive ramming disturbs the homogeneity of the cone. 

Placln^r under Water. 

115. Concrete maj^ readily be depoHfted under water in 

the usual way of lowering it, soon after it is mixed, in a dredge bucket, or in a 
V-shaped box of wood or plate iron, with a lid that may be closed while the 
box descends. The lid, however, is often omitted. This box is so arranged 
that, on reaching bottom, a pin may be drawn out by a cord reaching to 
the surf, thus permitting one of the sloping sides to swing open below, and 
allow the cone to fall out. The box is then raised to be refilled. In large 
works the box may contain a cu yd or more, and should be suspended from 
a traveling crane, by which it can readily be brought over any required spot 
in the work. The cone may if necessary be gently leveled by a rake soon 
after it leaves the box. Its consistency and strgth will of course be impaired 
by falling thru the water from the box; and moreover it cannot be rammed 
under water without still greater injury. Cone has been safely deposited 
in the above-mentioned manner in depths of 50 ft. 

* 116. The Tremle. sometimes used for depositing cone under water, is 
a box of wood or of plate iron, round or square, open at top and bottom, 
and of a length suited to the depth of water. It may be about 18 ins diam. 
Its top, which is always kept above water, is hopper-shaped, for receiving the 
cone more readily. It is moved laterally and vertically by a traveling 
crane or other device suited to the case. In commencing operations, its 
lower end resting on the river bottom, it is first entirely filled with cone, 
which (to prevent its being washed to pieces by falling through the water 
in the tremie) is loweretl in a cylindrical tub, with a bottom somewhat like 
the box described in ^ 115, which can be opened when it arrives at its proj^r 

E lace. When filled, the tremie is kept so by fresh cone, thrown into the 
opper to supply the place of that which gr^ually falls out below, as the 
tremie is liftw a little to allow it to do so. The weight of the filled tremie 
compacts the cone as it is deposited. A tremie had better widen out down- 
ward to allow the cone to fall out more readily. 

117. The area upon which the cone is deposited must previously be sur- 
rounded by some kind of inclosure, to prevent the cone from sprewmg 
beyond its proper limits; and to serve as a mold to give it its intended 
Tms inclosure must be so strong that its sides may not be bulged outward 
the weight of the cone. It is usually a close crib of timber or 
without a bottom; and will remain after the work is done. If of timber » 
may require «n outer row of cells, to be filled with stone or gravel for simt- 
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Off it into place. Hare must be taken to prevent the escape of the cone 
hrough open spaces under the sides of the crib f>r inclosure. To this end 
he crib may be scribed to suit the inequalities of the bottom when the latter 
>annot readily be leveled off. Or inside sheet piles will be better in some 
■a,s<!s; or an outer or inner bro.ad flap ()f tarpaulin may be fastened all around 
he lower edpe of the crib, and be weighted with stone or gravel to keep it in 
)laee, on the bottf)rn. Broken stone or gravel or even earth (the last two 
\liere there is no curi-ent), heaped up outside of a weak crib, will prevent the 
lulging outward of its aides by the pleasure of the cone. After the cone 
las been carried up to witlun some ft of low water, and leveled off, the 
uasimry mav be btaited upon it by means of a caisson, or by men in diving 
,uits Or, if the cone reaches very nearly to low water, a first deep course 
if atone may be laid, and the work thiis brought at once above low water 
Mthout any such aids. 

IIH. Tlic coiii-i'olo Klmiild €‘xteii€l out from 2 to 5 ft (according 
o the case) beyond the buae of the mti.sonry. All soft mud should be re- 
iioved before (iejjobiting cone. 

119. Rai;;M parlly tillc'd nitli c*oiier<‘to, and merely thrown into 
lie water, arc used in certain cases. If the texture of the hags is slightly 
jpen, a poi tiou of the cem paste oozea out, and binds the whole into a tolerably 
•onipact m.a.ss. 8uch bags, bv the aid of divers, aie employeil for stop* 
mig leaks, underpinning, and various other purposes, that inay suggest 
hemselves. Such bags may be rammed to some extent, 

120. Tarnaiiliii may bo M|>roa«i over doop Hoains in rock 

0 jirevcnt tfie lohs of cone, and, m some cases, to pi event it from being 
vashed awav by spungs. 

121. Concrete, placed in water, should be in lar^t^o batcliOH, in order 
diat the ratio of exposed sin face to vol mav be small. In running water, 
ead off the flow m nijics or shutes or by means of bulkheads (for which bag 
“oiic is .suitable). If water is pumiced out of the pit while concreting, it is 
ipt to take com with it. Observe the water flowing from the pumji tor in- 
lications of loss of cem. 

122. Cone dock foundation on ruck 14 to 19 ft l>elow low water and 

'overed with mud. Laid with as.si&tance of diver. Mud washed off by 
let. Hock not leveled. Wooden forms built on rock. Spaces, under forms, 
Idled with bags of cone. Forms held dowrn by means of boxes loaded with 
jioken stone, anchored, by wiie cables, near bottom, to neighbonng piles, 
ind braced, at top, by cross pieces nailed to existing dock. Cone lowered, 
i)\ derrick, in }4 yti bottom-dump bucket, and dumped when close to work. 
The only cem lost is the little which washes from top of bucket load as 
Imcket is submerged. The work has smooth faces along the forms, and ap- 
pears to be perfectly homogeneous. .(J^^ ’05/Octy21, p 468.) 

123. Placing cone in 90 ft water, in shaft, to stop inrush of water at 
bottom of shaft. Cone fed, by hopper, into 8 inch screw-jointed wrought 
run pipe, lower end stnpt with wood plug and resting on bottom of shut. 
When the pipe was raised slightly, the plug refused to move and release 
'•one. Pipe withdrawn, taken apart, and each section emptied. Plug, 
not tight, had allowed lowest section to fill with water, which disintegrated 
the cone, leaving, at top of lowest section, a plug of neat cem, which pre- 
vented the cone, above, from pushing out the wood plug as intended. Lxpt 
repeated, with tight plug. Inside the 8 inch pipe was placetl a 1 34 inch 
pipe, bv means of which the wood plug was knocked out, allowing cone to 
‘lesoentl. Rate regulated by changing dist of foot of pipe above bottom 
"1 shaft. Mass of cone, 10 or 12 ft thick, deposited. The upper 6 or 8 ins 
never set; but the remainder appeared to be solid and homogeneous. 

1 \hsn C E, Cornell IJniv, Trans, 1898, p 74.) 

124. In a case where hollow iron piles, in clean sandy bottom, were filled 
with cone, some of the mortar leaked out, and formed, with the surrounding 
«J«»d, masses of cone, which adhered most tenaciously to the piles; suggesting 
die use of hollow plleii, purposely perforated, in their lower 
l>urtu)n8, with small holes, thru which grout, poured into them, at top, can 
escape into the sand. (Chas List, Jour Assn Lngg Socs, March, 1903, Vol 30, 
No 3. p 124.) 

125. Superior Entry, Wis. Mixer discharges into a nub- hopper, with 
ft cut-off shute, which discharges into depositing buckets on oars under tbf 
platform. Upon reaching the work, the buckets are lowered into the tub 
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110. ttcmedleA. Manv remedies have been pr^osed, advertised and 
used, but none has been fully tested by time, Specifications, p 1358. 
Cleanliness of surface and the use of wet mixtures are probably the best 
preventives. Water, used in scrubbing joints, should be rinsed off with 
clean water. A jet of live high-pres steam is very effective, removing even 
sawdust. Hydrochloric acid is used to aflvantage. Patented methods of 
securing bond, at joints, include the use of metallic binders, with their ends 
left projecting from the older surf, to bond with the newer. Another method 
employs a layer of prepared honey-comb slag, sprinkled over the still soft 
older surf; loot» slag being removed after the hardening of the older surf and 
before the placing of the newer material. 

111. Where cone is used in r<‘infor€lnjf and protecting old Htone 
niRNonrjTi a stone should be removed here and therelirom the old masonry, 
and the joints cleaned out and cashed. Key-bolts, with large washers on 
their heads, may also be driven into the face and left projecting into the con- 
crete. The cone should also be carried far enough down the back of the 
wall to prevent water from working down into the horizontal joints on the 
tops of the wing walls and main walls. 

Ramminig. 

113. Ramming of cone is necessary only with relatively dry mixtures. 
When propCTly done, it consolidates the mass about 5 or 6 %, rendering it 
less porous, and very materially stronger. For rammers, see spec’ ns, p 1357 
The men, using them, if standing on the cone, should wear gum boots, 

113. IJndor nat^r. ramming can be done only partially, and when 
the cone is euelosed in bags. A riwe may be used gently for leveling loosely 
deposited cone under water. 

114. Ramming should be discontinued before setting commences. Ex- 
cessive ramming disturbs the homogeneity of the cone. 

Placln^r under Water. 

115. Concrete maj^ readily be depoHfted under water in 

the usual way of lowering it, soon after it is mixed, in a dredge bucket, or in a 
V-shaped box of wood or plate iron, with a lid that may be closed while the 
box descends. The lid, however, is often omitted. This box is so arranged 
that, on reaching bottom, a pin may be drawn out by a cord reaching to 
the surf, thus permitting one of the sloping sides to swing open below, and 
allow the cone to fall out. The box is then raised to be refilled. In large 
works the box may contain a cu yd or more, and should be suspended from 
a traveling crane, by which it can readily be brought over any required spot 
in the work. The cone may if necessary be gently leveled by a rake soon 
after it leaves the box. Its consistency and strgth will of course be impaired 
by falling thru the water from the box; and moreover it cannot be rammed 
under water without still greater injury. Cone has been safely deposited 
in the above-mentioned manner in depths of 50 ft. 

* 116. The Tremle. sometimes used for depositing cone under water, is 
a box of wood or of plate iron, round or square, open at top and bottom, 
and of a length suited to the depth of water. It may be about 18 ins diam. 
Its top, which is always kept above water, is hopper-shaped, for receiving the 
cone more readily. It is moved laterally and vertically by a traveling 
crane or other device suited to the case. In commencing operations, its 
lower end resting on the river bottom, it is first entirely filled with cone, 
which (to prevent its being washed to pieces by falling through the water 
in the tremie) is loweretl in a cylindrical tub, with a bottom somewhat like 
the box described in ^ 115, which can be opened when it arrives at its proj^r 

E lace. When filled, the tremie is kept so by fresh cone, thrown into the 
opper to supply the place of that which gr^ually falls out below, as the 
tremie is liftw a little to allow it to do so. The weight of the filled tremie 
compacts the cone as it is deposited. A tremie had better widen out down- 
ward to allow the cone to fall out more readily. 

117. The area upon which the cone is deposited must previously be sur- 
rounded by some kind of inclosure, to prevent the cone from sprewmg 
beyond its proper limits; and to serve as a mold to give it its intended 
Tms inclosure must be so strong that its sides may not be bulged outward 
the weight of the cone. It is usually a close crib of timber or 
without a bottom; and will remain after the work is done. If of timber » 
may require «n outer row of cells, to be filled with stone or gravel for simt- 
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«on of the forms, and exposing the clean stone and sand of the cone. A few 
-ubs of an ordinary house scrubbing brush, with a free flow of water to cut 
ind to rinse clean, suffice; but a httle additional rubbing improves the effect. 
The necessity for early removal of the forms, when this method is used, 
necessitates sjiecial care in their construction, increasing their cost. When 
ilipbed to surfaces forming square corners, the projecting sand particles 
nroduce a ragged effect. Hence care should bo taken not to extend the 
fn^atincnt to such corners. 

130. An effect similar to that obtained by Mr. Quimby’s method, may be 
produced, after hard set, by waHhiiigf with un acid Aolntian* which 
LS afterward removed by the use of an alkaline wash, followed by water. 
This method attacks limestone in the ugg. 

1,37. C’olor clfeelM are best produced by using agg of the desired color. 


1,38. The difficulty of making oil paint adliorc to fresh cone 
^urfs IS due to moisture and free lime. A wash of dilute acid neutralizes the 
[line, but is unsatisfactory, muriatic (hydrochloric) acid forming highly 
fugroscopic salts, such as calcium chloride, and sulfuric acid having otpy a 
^iiperlicial effect. Dissolve 10 lbs ammonia carbonate (salts of hartshorne) 
111 4.') gals water, and apply once with a brush, or give several coats of a 
weaker solution, or apply as spray. The ammonia is liberated, and the 
rarbonic acid forms, with the free lime, an insoluble carbonate, which 
viitn becomes dry and hard. After exhaustive trials this was found the 
imly method which satisfies every requirement. The amm carb keeps, for 
luiy length of time, in fairly tight vesesls. (Fred J. Bosse, “Cement 
Age,” ’09 /Jan, p 48.) 


PROPERTIES OF FOMC'RETE. 

Weig-ht. See Voids, p 1256, and Density, p 1257. 

1. H'cightN of concrete, in pounds per cubic foot. 
Broken intone or gravel concrete, 130 to 160; ordinarily 140 to ISO.*" 

One foot B M = vol of a solid 1 ft square and 1 inch thick, = 144 cu ms =» 

! tuft/12. 

144 lbs per cu ft == 1 lb per 12 cu ins = 1 lb per prism 1 inch square and 
12 inches lung. 

Hence, at 144 lbs per cu ft, the wt of any prism in pounds =• area of 
t'ross section in stiuare inches, multiplied by length in feet, = vol in cubic 
ini‘lies/12. 


V\t,lb8/cuft 100 110 120 125 130 140 150 160 

Kilograms/ cu meter.... 1600 1760 1920 2000 2080 2240 2400 2560 

tender concrete, 110 to 120; 

Sandstone “ 143 

IdnicNione “ 148 

tiravel “ 150 

Trap “ 165 

With natural cem, 4 to 5 lbs lighter per cu ft 


-2. The unit weight varies not only with character of constituents, but 
also with proportions, consistency, degree of compacting, etc. 

Permeability. 

>3. Even where the primary object of the cone is not the prevention of 
pei eolation by water, impermeability is of great importance in promoting 
die durability of the cone, and especially in protecting metal reinfmt from 
tJorrosion and from loss of adhesion with the cone. 

4. Water may pass thru cone, etc, so slowly that evaporation, from the 
^>ulaide, proceetls more rapidly than the water can reach it, so that the out- 
side of the wall may appear dry. altho percolation is actually taking 
place. 


*144 lbs per cu ft 

120 

108 “ “ " 


12 lbs per ft B M (Board meaaure). 

10 “ “ *• “ 

9 * ” 
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5. When made into hardened mortar, well trowelled down on all surfaces 
which come into contact with water, noat CMiient is as nearly im* 

S ermeable as the best of natural rocks used for building purposes. (Wm. 
. Fuller, Trans, A S C E, Vol 51, pp 133-4, Dec Um.) 

6. Mortar or cone, so proportionexl as to <«btain the max praclicn* 
ble density, and rnixt rather wet, is impcrviou.s under ordinary conditions, 

7. Small blocks of cone, carefully made from materials so graded as to 
insure great density, or with an excess of cem. have been repeatedly found 
to be as nearly impervious as the best natural stones. See E\pts, p 1306. 

8. In larjfO niaMNOM, m actual c<»nstniction, it is diffirult to produce 
an absolutely tight structure without the addition of a lliiiiifc of material 
more nearly imiiervious than the cimc. Variations in the mixture, careless- 
ness in nianipulation or placing, or in bonding betw successive days’ works 
(an hour’s interruption, in the middle of a hot day, luus been known to cause 
leakage), or msufticiency of water, will render cone permeable, in spite of 

E loper theoretical proiiortiomng and the addition of lime. The mix should 
e at least wet enough to settle into place with but little ramming 

9. Cone, impel vious in itself, may develop eracrkN thru wliich water 
may permeate. Reinfmt, projierly placed, op[) 08 es such cracking. 

10. Water may permeate thni the mortar, thru the particles of agg, or 
betw mortar and agg. Probably most of the percolation take.s place thru 
the mortar. See Mortar. We here deal with those aspects of permeability 
which can better be discussed m connection with the cone as a composite 
matenal, 

11. When the leakage consists of mere percolation thru the minute 
pores of cone, etc (t c, when there aie no actual fissures), leakage gen- 
erally diminishes with use, the w'ater (even when apiiarently clear) blocking 
its own passage by depositing, in the pores (tf the matenal, cither its own 
natural sediment, or (in the form of “laitancc”) lime and other compound!? 
dissolved out of the cone itself. 

12. This action depends upon many factors, notablv the pressure, the 
sizes and shapes of the pores, the hiirdness and solubility of the material, 
and the character of the sediment earned by the water. ’J'hus, under high 
pres, if the material is easily scoured, oi if the pores are large and relatively 
straight, leakage may be expected to inciease, rather than dimmish, with 
time. 

13. Where the nature of the case permits, as in floors, retaining walls, etc., 
it is better to lead the water off by proper (IrainaKis than to attempt to 
block its passage by rendering the structure watertight. 

14. Where waterti^iTlitneMN Ih required, as in dams, the con 
stituents miU.st be carefully propoitioned for max density, there must be an 
excess of nch mortar over vol of voids, dry mixtures should be avoided, the 
mixing must be thoro, and the construction shouhl be, as nearly as possible, 
monolithic. 

15. The application of waterproofini? materials may be either (a^ 
internal, mixt with the ingredients of the cone, (b) supcihcial, filling the 
pores near the surf; (c) external, prexenUng contact betw w'ater and conc.^ 

16. Internal. For water tight work, the vol of mortar should be 40 to 
45 % of the vol of agg, or 40 to 42 % if the agg is graded. (Qeo. W. Rafter, 
Trans, A S C E, Vol 42, p 149, Dec 1899.) 

17. With agg having 35 % voids, the vol of mortar should be < 50 % 
of vol of agg; vol of dry sand and cera < % vol of agg; vol of sand > 
2 X vol cem. For cem leaving > 10 % on hlo, 120 sieve, ordinary sands, 
and agg with 35 % voids, the following proportions are given: 


cem 

sand 

agg 

(sand -f agg) 

1 

1.0 

3.00 

4.00 

1 

1.5 

3.75 

5 25 

1 

2.0 

4.50 

6.60 


See Plain Concrete, ^ 22, p 1216, 

18. Every particle of sand must be coated with cem, and every particle 
of stone with mortar, so that the stones or the sand grains do not touch. 
19* To insure this result, mix by means of one of the newer types of ms* 



chine, introducing first the measured quantity of water and then the cem, 
making a liquid grout which will run easily into the most minute voids of 
the sand, which, being next introduced^ becomes coated in the shortest space 
of time. The resulting mortar is still quite liquid, and flows into all the voids 
of the stone. (Wm. B. Fuller, Trans A S C E, Vol 51, p 135, Dec 1903.) 

For the use of lime, see Expt. 82 a, p 1346, 

20. In making thin slabs with a cone of 2 parts cem to 5 of fine bitumF 
nous ash, remfd with poultry mesh, Mr. W. K. Hatt (Trans, A S C E, Vol 51, 
p 129, Dec 1903) employed a 5 % solution of ground alum, in place of one hall 
of the gaging water, and a 7 % solution of soap in place of the other half. 
This strengthened and hardenetl the ash cone by about 50 %, and diminished 
Its absorption b:, about 50 %. The soap solution alone diminished absorp- 
t ion, but did not strengthen the cone. Sand mortar was not greatly strength- 
ened by the Noap and alum treatmt, but its absorption was dimin- 
ished about 50 %. 

21. If joints are inevitable, they may be first wet, and then covered with 
neat cem paste or 1 : I cem mortar, upon which the new work is to be placed 
befoie the binding course hardens. 

22. The permeability of cone liniiu^ of aqueclucts &c may be diminished 
by drilling holes thru them and iorciii^ In iproul behind them by 
irieans of grout pumps. The grout sometimes appears at many points, 
indicating that it is passing not only thru the cracks but also thru the 
IxkIv of the cone. This method was successfully used in the Torresdale 
filtered water conduit, Philadelphia. 

22. ^limerficlal. For plastering the inside of a covered clear water 
well, Mr. Edwd Cunningham used 1.25 lbs of .soft soap for each 5 buckets of 
water, and 3 lbs of alum per bag of cem. The mortar was easy to handle witl 
the trowel, but had a nauseating odor. 2 coats, not more than 0.6 inch in 
nil. 18-inch dividing wall showed no leak when one side held 16 ft of water, 
i’he soap was made of clarified fats, and cost 7.5 cts per lb; much too high. 
With 1 part cem to 2 parts sand, 6 to 9 gals of water and 12 lbs of alum were 
reiiuireu for each bbl of cem. (Trans, A S C E, Vol 51 , pp 127-8, Dec 1903.) 

24. As an external treatment, Mr. Richd H. Gaines, New York Board 
of Water Supply (Trans, A S C E, Vol 59, p 160, Dec 1907) found the 
Sylvester Hoap and alum procc^is (p 928), "fairly effective, but 
v(‘ry expensive for large work. " 

25. Asphalt can be successfully applied only to dry surfaces. It 
becomes brittle and loses its efficiency upon oxidation; but it will often 
prevent leakage until the structure has become tight thru infiltration. 
See 11 11, p 1272. 

26. The cone surface must be clean, and must first be treated with a 
thin wash of lifiuid asphalt, thinned with benzine. This enters the pores 
itf the cono, and acts as a binder. Without this, the asphalt coating will not 
adhere to the cone. 

27. Asphalt coatings should be made continuous, and should be pro- 
fected against decay, from creeping and from abrasion, by being placed 
iiotween alternate layers of cone, or by being covered with brickwork or 
iua.sonry. 

2S. Tunnels, subways and basements, below water level, have been 
thoroughly waterproofed by continuous layers of heavy roofini^ papers, 
well moppeil with tar or asphalt, and placed between outer and inner cone 
v\ ail.s. 

29. The two basins of Queen Lane reservoir, Philadelphia, originally 
lined with cem cone on sandy clay puddle, and holding 383 million gals of 
water 30 ft deep, were re-lined with Bermudez asphalt in 1896-7. ^ The floor 
received 2 inches of asphalt cone, with a thin top layer of hot liquid asphalt; 
the slopes, two layers of hot liquid asphalt, with burlap between them; the 
burlap being anchored at top by being lapped around horizontal iron or 
wooden bars, let into the asphalt paving. While this work was in progress, 
the south basin of the Roxborough reservoir (147 million gals, 25 ft deep) 
was similarly lined. In the north basin, Alcatraz (California) asphalt was 
used, and the slopes, as well as the sides, were treated with asphalt coac. 
Ail four of these basins have since been in continuous use, without sensible 
leakage. 


45 


C6 
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Elastic Modnlns. E. See 111 12 and 13. p 127a 
SO. When cone ia subjected to compressive test, its stress-strain diagram 
IB in general curved throughout its length; its elastic modulus, 

stress, per unit of area . • ■ i- .u . 

T—ri dinumshing as the stress increases 

shortening, per unit of length 


E 


NIrengrth. 

81. Cone being weak in tension, and brittle, its ten^tilp NtrenfU'tli L«i 
usually and properly nog:leel«cl: dependence is placed chiefly upon its 
comp strgth, and its tensile and shearing strgths are usually exprest as 
fractions of the comp strgth. 

83. The eompresHivc Ktren^th is preferably determined evneri- 
mentally by means of cubic specimens. The unit comp strgth decreases 
when the ratio, length/side, increases, and, in similar specimens, when 
their dimensions increase. 

33. Cone prisiii!), in eiidiri.<ie compreNaloii, usually fail 

by shearing on planes oblique to the axes of the prism.s. Upon these oblique 
planes, the unit shear is about half the ult comp streas. 

34. The strgth varies widely with the character of the cone 

33. For 13 inch CltbeM of Portland cem mixtures having from 6 to 18 
volumes of (sand + agg) to 1 vol cem, Mr. Edwin Thacher deduces, 
from the data of Expt 18 a, the straight-line formula, 

S M—N X 

where 

S — ult comp strgth, lbs per sq inch; 

X =* No of parts of sand to 1 part cem; 

M and N — values as below: 

Age =• 7 days 1 month 3 months 6 months 
M « 1800 3100 3820 4900 

iV « 200 350 460 600 


Mr. Thacher holds that, for practical mixture.s, “the strgth of cone de- 
pends principally on the strgth of the mortar, and not, to any great extent, 
upon the amount of stone.” In these tests, the vol of stone was always 
twice the vol of sand. 

38. But few tests have been made to determine the tensile strenirtli 
of cone. It 13 usually taken as approximately from one-tenth to one-ei^th 
the comp strength, and the shearing: streng:th as from 1,2 to 1.5 times 
the tensile. 

37. Prof. L. J. Johnson (Jour, Assn Eng Socs, Vol 38, No G, p 310, June, 
1907) tested 25 reinfd beams, 3 ins X 9 ins X 8 ft, loaded 6 ms from each 
support; 19 of the beams were of 1 ; 2 : 2% scaly trap; 6 of 1 ■ 2.5 : 5. 
All the beams failed by slip of reint'mt : the 1.22% beams, 
137 to 143 davs old, successfully resisted shears of 233 to 573 lbs per sq m, 
iv 470; and the 1 : 2.5 : 5 beams, 488 to 750; av 628. 

38. In beams, owing to the rising of the neutral axis, under loading, 
the nit an It fiber stress, or rupture modulus, is about 1.6 X the unit 
tensile strgth. 


fiettlnfi:. 

89. Setting is of course a function of the cement mste. See Mortar. 
We here treat of setting, as affecting the cone as a composite b'ldy 

40. Temperature. In hot weather, cone sets very much faster than in 
cool weather, and the load mav therefore be applied sooner in h >t weather; 
but the time required varies with the class of structure and of cone. 

41. Gradual loading. Where the loading is static or gradually increased, 
the time may be shorter than where the load is applied suddenly or is sub- 
ject to impact. 

43. a general rule, brldjge abutments and piers of Portland 
cem coDc should be allowed to set at least a month before using, if buiU 
during ordinary warm weather. If built during cold weather, their use 
ahould, if possible, be deferred until warm weather sets in.” ( W, A. Rogers, 
RR Gaz, 'OO/Jul/27. p 514.) 



BEHAVIOR. 


1275 


4S. Steel girder spans have been placed upon Portland cem cone abut- 
ments without injury 2 weeks after the cornpletion of the abuts in hot 
weather; but work of the s^e character, finished early in Dec, was found 
not very solid inside, early in the following March. 

EflTecta of Heat and f'old. 

44. Freealnif nearly always damages nat cem mortar or cone to such 
an extent that it must be replaced by new material. 

45. With Portland cem cone, freezing: finH|iendM the setting 

and hardening of the mortar, for the length of time during which the materid 
has been frozen. The apparent loss of strgth, in frozen specimens, may often 
be due merely to such delay in setting. 

16. Vyhile freezing seldom results in material reduction of the ult strgth 
of I’ort cem cone, yet it may produce Herioua results by giving the 
eoric an apparent hardness; thus causing the premature removal of forms, 
or the imposition of undue loads, which may produce failure when the cone 
thaws out, if it had not already set sufficiently before being frozen. 

47. If, soon after the mortar, thru the entire thickness of a wall, is 
frozen, the sun shines on one face of it, so as to soften the mortar of that face, 
while the mortar behind it remains hard, it is plain that the wall will be 
liable to settle at the heated face, and at least bend outward if it does not 
fall. 

IH. If the freezing doe.*) not take place until after the cem has taken its 
initial set, there is little danger. Thin work should not be done at < 
28® F on a rising, or at < 32® on a falling temp. 

49. A thin acalc is likely to crack from the surface of cone walks or 
walls which have been frozen before the cem has hardened. Granolithic or 
troweled finish sometimes spalls up in small patches, when frozen. 

Protection. 

50. Protection ag’aiiiHt freexiiiiir is expensive and uncertain. 
Hence the placing of cone in freezing weather should be avoided when possible. 

51. llouainf^ and heating; the finished work. Tents or screens 
may be used; but wooden sheds are more effective. 

52. Covering the oonc, as soon as placed, with canvas, cem bags or tar 
paper, or with a thick layer of sand, straw, manure, sawdust or other poor 
heat-conductors. Straw should be < 1 foot deep. Manure is the best, but 
it discolors the work. Canvas etc should be kept an inch or two away from 
the cone, leaving an air space. Otherwise use two layers. 

53. Heating; the materials. Stone is frequently heated by piling It 
over a pipe or improvised oven, and building a fire inside; or over a coiFof 
pipe containing numerous small holes, and then forcing steam thru the pipe. 
The cone must be u.sed before the steam is condensed and frozen. Sancf is 
heated over a long sheet iron stove. 

54. lowering; the freezing; point of the mixing; water, 

bv the addition of chemicals. 

5.1. Nalt is the cheapest and most commonly used material. It loweVs 
the freezing point about 1.5® F for each 1 % salt added to the water. A 
10 % solution (12 lbs salt per bbl of cem) reduces the freezing point to 17® F 
and does not injure the strgth of the cone. For 32° F, dissolve 1 lb salt in 
18 gal.s water; add 3 oz salt for each 3° below 32° F. (Ch of Engrs, U. S. A. 
Keport, 1825.) Larger percentages of salt appear to weaken the cone. 

56. C'aicinm chloride, 15% solution, or 1.25 lbs per gal of water, 
low'ers the freezing point to about 20® F, and does nwt weaken the mortar. 
It rapitily absorbs moisture, and it is possible that, if ground dry with the 
Portland cem clinker, even to the amount of 0.5 %, it would cause the ma- 
terial to gather dampness. The chloride dissolves with extreme riwidity 
and may be added to the mixing water. (Prof. R. C. Qarpenter, Cornell 
Univ, Sibley Jour of Eng, Jan 1906.) 

57 The major portion of a pile of sand or stone may be in condition for 
use altho the surface is frozen. 

5H. In winter, we may reduce the areas of the exposed layers of 
the work, by placing the bulkheads closer together. A day’s work will then 
run to a greater elevation, and will necessitate the use of stronger forms. 
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Ko iiAvtjirM iilftced in open air, are more or bjr 

dryinir instead setting, when the temperature exceeds about 65 to 70®; 
hut^f nuxed only in small quantities at a time, and quickly Imd in masonry 
nf damS 1 stone, so as to be sheltered from the air the injury is much 
reducSf The and stone should both be damp, not wet. m h^weather 
Ind Sv/more water may be used in the cem paste; also, if P^ble, not 
only the mortar, wliile being mixed, but the masonry also, should then be 
shaded. 


Expansion. ^ 

60. In variable climates, ca*»t Iron cylinder**, filled with 

eAiicrcte are frequently split horizontally V>y unequal expansion and 

^ For expansion eoelft, see Reinforced Cone, 1! 9, p 1278. 
ai rvnoirs and ioinfs. In abutments or culverts oyer 60 ft long, 

divide the CoitmctiofwUl tSiS^'tht jdnt uTojSm'and irregular 

ginning the othe.r. t.ontracwon wm ca ^ g^hort sections may 

Chemical Effects. 

r£3S£'sss,ii'riSSjx-isr^^^^ 

3C“ir.Sr.Sr.»>'aS5S*™^ 

containing fat acids appear to injure cone. J. C. moisture cor- 

78. Sulphurous and sulphuric acid «««-•. combined with moisture, 

rode cone, especially if heated^ . 

■'".ITT R;poVof'joiirt Cimim, ASCE ABTM. AmRyEngiM 

Ac-n rif Am Port Cem Mfrs. 09. Jan. 
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Testi of Concrete III place. 

73. Tests of concrete in place may be made by analysis of a core 
of cone, obtained with a core drill,* using chilled steel shot for cutting. 
The bore holes are afterward grouted.f 

74. The ratio of cement to sand, in the mortar, is found by 
means of the amounts remaining undissolved in hydrochloric acid; sand 
and oem, of the kinds used, and mortar, taken from the core, being tested 
separately in thLs way. (Prof. R. L. Wales, in E N, ’()8/,Ian 9, p 46.) 

7,1. The ratio of morfar to stone, in the cone, is found (1) by 
arlmil separatiosi and by weighing the stone and the mortar separately, or 
(2) by ascertaining separately, and comparing, the specific gravities of the 
stone, the mortar, and the cone. 

^ Ma<l(* by Cyclone Drill Co., Orrville, 0., inchuling small drills, worked 
li. C. Cope, in E N, ’08/Jan/9, p 41. 
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B£INFOR€£l> €0^€B£T£. 

1. The tensile and shearing strengths of cone are low as compared with 
its comp strgth. Hence metal rods or shapes are embedded in cone struc- 
tures in those portions subject to tensile and shearing stresses, and in such 
positions as to take those stresses. 

2. Reinfmt is used chiefly in the tension-sustaining portions of 
beams and jPfirders, (including floor-slabs), cols, walls, retaining walls, dams, 
etc; but it is useful also in many other cases; as for preventing hair cracks 
in surfaces, for which purpose a light web of metal (wire mesdi expanded 
metal, etc) is placed a few inches back from the face; for preventing fracture 
due to unavoidable sudden changes in cross-section; for joining walls meet- 
ing at an angle and liable to settle away from each other; aiul in culverts, 
enabling them to withstand hor tension due to the outwaid pressure of the 
embankment, k'or this purjiose old chains may be used, or light rails, with 
bolts driven thru the bolt-holes, to increase adhesion. 

3. Safety. Mtidern reinfd cone buildings are practically monohthic, and 
therefore more rigid than skeleton steel construction. 

4. On the other hand, in the steel building, the details are more accurately 
W’orked out, and the work is usually erected by skilled men, often einployeil 
by the steel mfrs; so that there is but little chance of damage to the material 
in erection; whereas, in reinfd cone w’ork, the best material may be injured 
in the using, and the work thus rendered unsafe. 

5. Good cone protects imbedded steel from eorrojtlon, both above and 
below fresh or sea water level; but water may penetrate jiorous cone and 
corrode the metal. Cone laid very dry is apt to be porous. 

6. The steel, used in reinfg cone, has its ult strgth usually betw 50,000 
and 70,000 lbs per sq inch, and its elastic limit between 25,000 and 35,000 
lbs per sq inch, but cold working may raise the elastic limit to 40,000, oi 
50,000 lbs per sq inch. ‘ ‘ Deformed ” bars are often rolleil of steel with much 
higher elastic limit (50,000 to 65,000 lbs per sq in claimed ) for the sake of 
TOonomy of steel; but see Bar Reinforcement, pp 1296, etc. As in rolled 
iron and steel in general, the elastic modulus may be taken as averaging 
approximately 30,000,000 lbs per sq inch. Sete 111. 

7. Concrete* In general the necessity oT working the cone around the 
reinfg bars requires that the agg for the cone in reinfd work shall be smaller 
than would be permissible in unreinfd mass work; and the vital importance 
of adhesion requires that all the materials for the cone shall be of the best, 
and the mortar not too lean or too dry. 


Expamioii. Contraction, Etc. 

8. The Nlirinkn|y|;c of cone, while setting in air, produces comp stress 
in the reinfmt and tensile stress in the cone itself. Setting under water, the 
expansion of the cone pnxluces the opposite effects. 


9. The linear expansion coeflicient, a, of a material, is that fraction 
of its original length which a bar of it gains or loses for each degree of change 
in its temp. Approximately: Per degree. 

Centigrade Fahrenheit 

In steel 10,000 a = 0.117 0.065 

Inconcrete 10,000a - 0.108 0.060* 


10. The large number of reinfd cone structures which have been exposed, 
for years, to wide extremes of temp, without injury thru difference in ex- 
pansion, confirms the results of experiments, quoted above, as indicating 
that the,diff, betw' the expansion coefficients of the two materials, is negli- 
gible 


Elastic Modulnti. 

11. The elastic modulus, E,, of rolled iron and Hteel, of all 

kinds (p 460,) is remarkably uniform and constant, ranging ordinarily betw 
27 and 31 (av, say 30) millions of lbs per sq inch ^ approx 1.9 to 2.2 (av, 
say 2.1 ) millions of kgs per sq cm. 


*W D. Pence, 1:2:4 cone. Jour Westn Soc of Engrs, 1901, Vol. 6, 
p. 649, 10,000 a »» 0.055 Fahr, results nearly uniform. Columbia Uiriv. 
1:3:6 cone, 10,000 a « about 0.066 Fahr. 
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13. On the contrary, the elaatic modulii», of concrete varies 
widely, not only as betw diff mixtures differently manipulated, and betw diff 
specimens made under like conditions from like materials, but in one and 
the same specimen under diff intensities of loatling; so that, in stating the 
results of expts, it is usual to specify the range of umt stress within which the 
observations were made. 

13. In atone concrete. ranges from 1.5 to 4 (av, say 3) million 
lbs per sq inch, =■ 0.1 to 0.28 (av, say 0.21) million kgs per s(i cm. See 
Expt 81 a, p 1172. In cinder cone, is ordinarily from 20 to ^0 % 
less than in stone cone. See H 30, p 1274. 

14. The ratio, n (sometimes called r and R), — Eg/E^, betw the elas- 
tic moduli of steel and of cone respectively, is usually taken betw 10 and 
15 for stone cone, with higher values for cinder cone. See Specifications, 
T! 107, p 1363. Owing to the variability of E^ (see 11 12), it cannot be a 
constant quantity, even during the range of a single experiment carried 
from zero load to rupture. 

15. The ratio, n, is, however, of constant and important use in all cal- 
culations respecting the mutual behavior of cone and steel. 

16. Considfere’s experiments (Expt 16 o, p 1314) seemed to show that 
cone, when reinfd (being constrained, by its adhesion to the steel, to share in 
its movemts), actually underwent, without iracture, far greater elonx^a- 
tioiiN than were possible in unreinfd cone, but later expts (36, 38, 81 e, 81 / ), 
in which the cone surface was more closely observed have indicated that 
the supposed elongation of the cone was in fact due to the formation of 
cracKS which had before escaped observation. If the adhesion, betw the 
cone and the steel, is uniform, thecracicing must be evenly distributed over 
the area of contact, and the cracKs must therefore be very numerous and very 
fine, probably so tine as not to endanger the materials thru the percolation 
of water. 


AdheHlon. See 1 58, p 1294. 

17. With rich and wet mixtiire«i, such as are used in reinfd con- 
struction, the cem adheres very closely to the steel. 

18. After the aiihesion proper has been overcome, the removal of the 
steel from the cunc is still opposed by t'riclion betw the two. 

Itt. Upon the ability of this adhesion and friction to resist the forces tend- 
ing to overcome them, depend-s of course the safety of the structure. 

20. Both adhesion and friction, and particularly the friction, are greatly 
affected by the character of the cone and by its behavior under stress and 
under temp changes, by the method of testing, etc, 

31 Jn direct tenin for adliONion. whether the steel is pulled or 
pushed, the cone is always under comp, which causes some lateral expan- 
sion ot the cone, and therefore increased pressure upon the reimfmt. Hence, 
the adhesion may be found higher than (other things equal; in beams, where 
this condition does not obtain. 

33. On the other hand, where the hor reinfg bars, in a beam, are bent 
niiward, near the ends, and pass up into the region of compression and (as is 
')Hen the case) to a point over the support, the high pressures upon the bar, 
m those portions, may give it greater adhesion, as a whole, than could be the 
case with a straight bar under direct test. 

33. With Kreat of iinbedinenl, the stretch, in the steel, 

under high tensile stresses, may be such as to contract the steel laterally, 
sufficientlv to reduce aiihesion. Hence, tests where the steel is pushed into 
the cone, show higher adhesions. 

34. intimate adliONton. In general, expts (see Expts 64 a, 6) 
give, as the ultimate adhesion of good cone to plain round rods, from 200 
to 300 lbs per sq inch of contact surface. With smooth round rods, in a 
beam, Klemlogel (Beton und Eisen, 1904, pp 227 et seq) obtained 560 lbs 
per 8(1 inch. The conditions of practice generally differ greatly from those 
obtaining m the laboratory. 

35. %VorkiniBr bond stress. In beams subject to shock, about 50 lbs 
per sq inch; for quiet loading, about double this is sometimes allowed. See 
opecihcations, IHj 113-116. 
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RKINiORCED CODfCRETE COLVMNN. 

1. A concrete column usually has longitudinal steel rods embedded, 
near the circumference, thruout its length. If there is no deflection, and no 
slip between the concrete and the steel, the two materials must shorten 
equally under load. Hence (p. 458, Eq (3) ) if L — original length, I -= 
change of length, and = cross Section areas; ands^ ~ unit stresses, 
Eg and ~ elastic moduli, of steel and of cone, respectively: we have 

«, “-e.i/i-:' “iVW' (1) 

and, since l/L is necessarily the same for both materials, 

” (2) 

and 

total stress in steel ~ “a === ” (^) 

cone = (.4j 

" “ “ column == P Oj Sj + n^. -« (a^ + n)..,(5) 

— P/s^ ~ S ” 

\ -= + Uj, ni (7) 

2. Example. A sijuaie cone col 16 ms X 16 ins, 12 ft long has, em- 
bedded in eacn corner, a louud steel rod 1 inch diam; cro.ss section area of 
each rod == 0.785 sq inch. Permissible unit Cviinj) stress, , on concrete, ^ 
500 lbs per sq inch. Required the load which may be carried by the col. Here 

Area, a^, of .steel « 4 X 0.785 — 3.14 sii in.s; 

Area, a^, <if cone -= 16 X 16 — 3.14 ~ 253 sq ins; 

Eg — 30,000,000 lb.s per .h(| inch; 

E^ = 2,500,000 lbs “ ** “ ; 

n - Eg/E^ ^ 12, 

Total stress taken bv cone 253 X 500 = 126,500 lbs 

“ steel * tt, «^n 3.14 \ 500 X 12 18,840 lbs 


“ column 145,340 lbs 

3. Here the steel takes 100 X 18,840 - 145,340 -= about 13 % of the 
entire load, a safe proportion. This proportion siiould not e.vcced 20 %, or, 
at most 30 %. 

4. A convenient rule is to count each sii inch of steel, in cols, as 
worth n sq ins of concrete. 

5. Conservative de-signers loail cone cols appm.vimately as follows: 


Mi.vture 

^n|^h_ 1x1-5: 3 1 : 2^5 : 5 1 :_3 : 6 

diam • p — P/a = Load, in lbs per sq inch. 

< 12 600 500 350 350 

12 to 18 550 450 300 300 


6. Longitudinal reinfg rods or bars are usually placed symmet- 
rically near the outside of the cone, and are covered by from 1 to 2 inches of 
cone. The rods should be tied together, by smaller rods or by wires, at in- 
tervals not exceeding the diam of the col. 

7. Specifleations usually require that the aggregrate cross-section area 
of comprcftiiion rods shall not exceed from 2 to 3 % of the cross- 
section area of the col. 

8. In buildings of say three or four stories, the rods of each »»ee* 
tlon are bent in, near tbeir top«, to form a cylinder, 18 or 20 ms 
high, of smaller diam than the main cyl below; and the section next above 
fite down over this portion, so that the two sections overlap the length of 
the reduced portion. 

9. Owing to their much greater cross-section areas, and to the lower unit 
stresses, in their materials, reinfd cono cols are much less liable to failure by 
deflection than are steel cols. 
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10. For ultimate loadH on longitudinally reinforced eon 
Crete columnst liable to dettecttion, we have the Kaakine formula 
P H 

^ ^ a ' 1 + tn k^ 

where 

P = ult total load on col; 
a = cross section area of col; 
p ^ P /a ~ mU unit load on col; 

8 = ult c(mp unit strgth of cone cubes; 

K = L/r = length/least radius of gyration; 

Prof. Morsch gives m = 0.0001. Eisenbeloribau, '08, p 73. 


Hooped ColiimnN. 

11. Columns reinforced with hoops (or spirals) of steel, or with 
web reinforcement bent into cylindrical form, show high ult strgths and are 
largely used; but they undergo considerable deformation before the strgth 
of the hoops 18 developed, the hoops acting much like a steel cylinder, 
filled with sand, such cylinders being unable to act until the sand is com- 
pressed. 

12. Expts at Watertown (Tests of Metals, 1905) show that, when the col 
IS subjected to loads of from 100 to 1000 lbs per sq inch, the unit lateral de- 
hirmation is less than one-fourth the unit longitudinal deformation. Thus, 
if the col shortened 0.0004 of its length, its diam increased less than 0.0001 of 
Its original dimension. 

12. From tests at the Univ of Illinois (Am Soc Testg Matls, Procs, 1907, 
p 382) Prof .A . N . Talbot derives the following formulae for the ult strgths of 
hooped cylindrical cone cols, 1 : 2 : 4, wet mixture, av age, 60 days; cols 
12 ins diam, 10 ft long. Uovering, over the hoops, generally < ^ inch, 
lloops, 1 inch wide, gage Nos 8, 12, 16, electrically welded, spaced generally 
2 ms c. to c. Let 

p = ult strgth of col, lbs per sq inch; 

c = ratio of hooping to cone core; 

1600 « comp strgth of cone, lbs per sij inch. 


Then, 

For mild steel, p = 1600 + 65,000 c ; (9) 

" higher “ p = 1600 -1- 100,000 c (10) 


14. Assuming that the ult unit stress, in longitudinal col reinfmt, is 26 
times that in the cone, the hooping gave additional ult strgth from 2 to 4 
tunes that given by longitudinal reinfmt. 

1*5. M. ConsidJ're’s expts (G6nie Civil, Nov 1902), with spirally reinforceil 
Cone cols, indicate that the bars, forming the hoops, should have a diam of ap- 
pioximately 1/40 of the diam of the col; that the pitch of the sjnrals (dis- 
tance between hoops) should be from M to %the diam of the col; and 
that the steel, in the hoops or spirals, adds, to the ult resistance of the col, 
2 4 times as much as the same weight of metal used as longitudinal reinfg. 
He gives the formula 

Ultimate total load on col = 1.5 c -I- (a -I- 2 4/1) (11) 

where 

=* cross section area of col inside of spiral; 
c = ult comp unit strgth of plain cone in short blocks; 

= clastic limit of steel; 

a =* cross section area of existing longitudinal reinfmt; 

A = " " “ longitudinal reinfmt of equal wt with the 

spiral. 

1.5 is taken as representing the area of the entire cone cross sec. 
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Column Footlnirs* 

16. In a column footing;, the stresses are analogous to those in a 
floor slab resting upon a col; but, owing to the relatively limited spread of 
the footing, the moments and shears are heavy, requiring considerable 
depth. The heaviest stresses are under the edges of the col. Hor rods, in 
the footing, are analogous to rods near the top of a beam over the support; 
t. c., they take negative moms, and some of them should be bent upward, 
or provided with stirrups, just beyond the edges of the col. 

17. Figs 1 and 2 (T & M, pp 261, 262). Fig 1: Two series of main 
reinfg rods, a o', b b', crossing at right angles under the col, with diag rods, 



Tig 1. Column Footing. 





(a) ( 6 ) 

FI* 8. Column Footing. 

d'. d d'. Fig 2i Combined beam and slab. Side wings of slab tend to 
end upward, breaking away from the beam at C and C. 
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REINFORCEn CONCRETE BEAMS. 

1 , Cone is ordinarily from eight to ten times as strong in comp as in ten- 
sion. Hence, in an unreinforced cone beam of rectangular section, under 
bending stresses, failure occurs on the tension side. 

3. The ease with which steel can be embedded in cone, the practical 
equality of the expansion coeffs of the two substances, the strong adhesion 
between cone and steel and the practicability of supplementing this adh^ion 
by lugs or other lateral projections from the surface of the steel, facilil ate 
combinations in which the principal service of the cone is to resist comp, 
while that of the steel is to resist tension. 

The method of manufacture of cone is such that its behavior, in a given 
case, is less certain than that of steel. 

Owing to this and to uncertainty, as to the degree of adhesion betw cone 
and sted, on which their united action depends, the theory of such beams 
is at once more complicated and le^ exact than that of steel beanas of eco- 
nomical sections. In the design of reinfd cone beams, proper allowance must 
be made for this fact, and extreme refinement is out of place. 

General Theory. 

4. Simple reinfd cone beam, of rectangular section, Fig. 1- 



Fig 1. Reinforced Concrete Beam. Theory. 


Fiindamental assamptlons. 

1. Croas sections, plane before flexure, remain plane under flexure. 

2 Initial stresses (from shrinkage, etc) are neglected. 

. N o slipping occurs between cone and steel . IT ence they deform equally. 
4. The tensile resistance of the cone is neglect etl. 

n. The ehustic moduli, and E^, of steel and of cone respectively, and 
hence their ratio, n = E^/E^, remain constrnt. 

15. Isolation. Referring to Fig 1 , let* 
b = breadth of cross section of beam, perp to the paper; 
d = diet from comp side of beam to cen of grav of steel; 

]c(l =, “ “ “ “ “ “ ** neutral axi.s; 

2 ^ I* “ „ •• •• “ resultant of comp forces; 

{\-k)d '• “ cen of steel to neutral axis; 

d’ = jd “ “ " •• “ “ resultant of comp forces 

leverage of resisting couple ; 

J = d'/d; 

Eg - elastic modulus of steel; E^ = elastic modulus of concrete; 

= unit elongation of steel; = unit shortening of concrete;* 

^ = unit tensile stress in steel t; 4 _= un|t comp str ess in concrete;*! 

* In the outermoHt fibers on the compression «de of the beam, 
t/. and are the actual unit stresses. See 1 Id, p 1286. 
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fli =- cross-soction area of steel ; ac «= b d =* cross-section area 

of cone above cen of 
steel ; 

T ^ sum of tensile stresses in steel ; C — sum of comp stresses In 

concrete ; 

n = Ek/Ec — ratio of elastic moduli of steel and cone ; 
p = a^/ac — ratio of stool area to that portion of cone area 
which is above cen of steel ;* 
n, == p Or = ph d. 

Ms = rosistg mom, baaed upon the max allowable value** of 
Mc=z resists mom, based upon the max allowable value** of fc; 

m = actual rcHistinir moment = c. b d*. , 

For values of c (== M/hd^) sec E^gs 2 and 3, pp, 1285, 1289. 


Mresaes, Momenta, 

tt. Figs 1 and 2? and 7 to 20 illustrate the relationa exiatin^ 
between the Important faetora. k, j, f^, p, M^, and M ; when 
neither /g nor/^ c'ceeeds the elastic limit. When they exceed that limit, see 
VI 21, 22, p 1290. 

7. In equilibrium, the beiidlnfp moment of the load (see p 474) is 
balanced by the equal reHiMtliig moment of the couple composed of 
the two equal hor forces, T and C, these forces being the resultants respec- 
tively of the tensile stresses in the steel and of the compressive stressesf in 
the cone. 

8. The tensile stresses , in the steel, are assumed to be uniformly 
distributed over its entire cross section, a^; and their resultant, T, is there- 
fore taken as acting at the grav cen of the steel area; but the eompres- 
slve stresses, in the cone, in any cross sec, decrease uniformly! from a 
max, , at the upper surf of the beam, to zero, at the neutral axis. Their 
resultant, C, is therefore applied at a point distant kd/S below the top of 
the beam, kd being the distance from top of beam to neutral axis, and d the 
distance from top of beam to grav cen of steel. 

». Value of "‘’.I.’' The lever arm, d', of the resisting 


couple is therefore 

d' ^ id ^ d — kdIZ = d (1 — km (1) 

and we have 

j =, d'/d - 1 — fc/.3 (2) 

For approx values of j, see 12. 

10. Value of From assumption 1, ^ 4 we have 

ejcg = fc/(l — k) (3) 

From assumption 5, we have 

/, W 

Hence 

/<■ _ « ^ . (4a) 

/. <■.*’. i-k-K, nll-t) 

For equilibrium, C = T; but 

C ^ f^bk d/2 « h h d/2 (5) 

and f a = fg p b d = Eg p b d (6) 


c, E, 1 jc 

Hence, k ~ 2 p — - 2pn ; 


\ ip n)'^ + 2 p n — p n .. 


..(7) 


♦ See 1111 16, 16, p 1286. ♦* See If 13. p 128a . 

t Below the neutral axis, the cone is in temion, but its tensile stress la 
neglected. See assumption 4, 1 4, p 1^. * „ „ 4 111 

1 Figs 2 and 3 are by Prof A. W. French, A S C E, Trans, Vol 66, *06, 
pp 362, etc. 
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Seale of lOO p 



¥ig 2. 

k = 

- 

p » 

- 

IS - 
M 

fed* ” 


Seale of loop 

For Working StreBses. (For ultimate strcBses, see Fig 3.) 

V {vnf + 2pn—-pn, J = d' / d, 

unit stress in steel, =■ unit stress in cone at top of beam, 

Cj/a^ “ ratio of steel area to cone area, 

resistg mom, based upon allowed value of reap, 

resistg mom, actual. 

/, P (1 — g) or Y * (1 — -*). 


n "• Eg/E^ . Solid curves represent n - 10; dotted curves, n 11 
Steel lines plotted for n ■» 10; approx for n =» 15. 
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fli =- cross-soction area of steel ; ac «= b d =* cross-section area 

of cone above cen of 
steel ; 

T ^ sum of tensile stresses in steel ; C — sum of comp stresses In 

concrete ; 

n = Ek/Ec — ratio of elastic moduli of steel and cone ; 
p = a^/ac — ratio of stool area to that portion of cone area 
which is above cen of steel ;* 
n, == p Or = ph d. 

Ms = rosistg mom, baaed upon the max allowable value** of 
Mc=z resists mom, based upon the max allowable value** of fc; 

m = actual rcHistinir moment = c. b d*. , 

For values of c (== M/hd^) sec E^gs 2 and 3, pp, 1285, 1289. 


Mresaes, Momenta, 

tt. Figs 1 and 2? and 7 to 20 illustrate the relationa exiatin^ 
between the Important faetora. k, j, f^, p, M^, and M ; when 
neither /g nor/^ c'ceeeds the elastic limit. When they exceed that limit, see 
VI 21, 22, p 1290. 

7. In equilibrium, the beiidlnfp moment of the load (see p 474) is 
balanced by the equal reHiMtliig moment of the couple composed of 
the two equal hor forces, T and C, these forces being the resultants respec- 
tively of the tensile stresses in the steel and of the compressive stressesf in 
the cone. 

8. The tensile stresses , in the steel, are assumed to be uniformly 
distributed over its entire cross section, a^; and their resultant, T, is there- 
fore taken as acting at the grav cen of the steel area; but the eompres- 
slve stresses, in the cone, in any cross sec, decrease uniformly! from a 
max, , at the upper surf of the beam, to zero, at the neutral axis. Their 
resultant, C, is therefore applied at a point distant kd/S below the top of 
the beam, kd being the distance from top of beam to neutral axis, and d the 
distance from top of beam to grav cen of steel. 

». Value of "‘’.I.’' The lever arm, d', of the resisting 


couple is therefore 

d' ^ id ^ d — kdIZ = d (1 — km (1) 

and we have 

j =, d'/d - 1 — fc/.3 (2) 

For approx values of j, see 12. 

10. Value of From assumption 1, ^ 4 we have 

ejcg = fc/(l — k) (3) 

From assumption 5, we have 

/, W 

Hence 

/<■ _ « ^ . (4a) 

/. <■.*’. i-k-K, nll-t) 

For equilibrium, C = T; but 

C ^ f^bk d/2 « h h d/2 (5) 

and f a = fg p b d = Eg p b d (6) 


c, E, 1 jc 

Hence, k ~ 2 p — - 2pn ; 


\ ip n)'^ + 2 p n — p n .. 


..(7) 


♦ See 1111 16, 16, p 1286. ♦* See If 13. p 128a . 

t Below the neutral axis, the cone is in temion, but its tensile stress la 
neglected. See assumption 4, 1 4, p 1^. * „ „ 4 111 

1 Figs 2 and 3 are by Prof A. W. French, A S C E, Trans, Vol 66, *06, 
pp 362, etc. 
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The dotted and solkl curved lines, for cone, represent n 15 and n <- 10, 
respectively. The nearly straight lines, for steel, are plotted for n - 10, 
but are sufficiently approx also for n «= 15. 

18. The upper portion of Fijj; 2 gives values of 


(see H 10) and of 


k - V2pn+ (pn)a — pn, 


J = 1 — fc/3 = d'ld, 

corresponding to given values of p, for n => 10 and n 
varies but slightly with p. 


Note that/ 


Example!*. 


I. InveHllg:atioii. 

Required the retsistin^ moineiitg> and M. 

19a. Oiven a rectangular reinfd cone beam: 6 « 8 *; 

d - 20"; Op = M = 8 X 20 - IGO sq ins; n = E^tE^ =* 15. Let 
■=» 16,000, and F ^ = 500 lbs per sq inch, be (he max allowable values of th« 
unit stresses, and , in steel and in cone respectively; and let P be th# 
value of p based upon these max allowable stresses 


Then 

have: 


32; + 1 - 3.133; and. from Eq (11), t 15, we 


P 


0.5 

32 X 3.133 


0.004987, 


as given by the intersection, in Fig 2, of radial line, for/g «• 16,000, with 
dotted curve for == 500. 

19 b. (<5aNe 1) Reinforced with two round rods, fi" diam; 

Og =• 2 . n- 0.3752 *=“ 0.884 sq ins; 

P “ Ug/o^ - 0.884/160 - 0.005525 > P; 

pn « 15 X 0.0055 - 0.0825; 

fc * 4 2 pn — pn 

- V' 0~()8252l-"ai^0 — 0.0825 - 0.3322; 

d' - d / = d (I — k/S) = 20 (1 ~ 0.1107) « 20 X 0.89 - 17.8 ins; 

C - F^5fcd/2 = 500 X 8 X 0.3.322 X 10 - 13,288 lbs; 

A/g = Cd' =• 13,288 X 17.8 - 2.30, 526 inch-lbs; 

^ ^ ^ X 0.884 =• 14,144 lbs; 

A/g « Td' - 14,144 X 17.8 = 2.51,703 mch-lbs; 

M - - 236,526 “ “ . 

Notice that where, as in this case and in Case 2, P < p, the mom 
. based upon the max allowable stress, F^ in the cone, is the actua 
mom, M Where P > p. the actual mom. 

19 c. Ry 2. The intensection of the vert line, on 100 p — 0.65 
with radial line f' r/g •= 16,000 lbs per sq inch, gives Mg/bd* ==• 78,7; am 
Mg = 78.7 bd2 = 40.1 X 8 X 20* = 251,840 inch-lbs; but the intersectioi 
of vert line on 100 p = 0.55, with dotted curve (n =* 15) for =« 500 lb 
per sq inch, gives MJhd^ « 74; and Af » Af^ «=> 74 bd® « 74 X 8 X 20 
= 236,800 inch-lba 
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19 d. (Case 2) Reinforced wii.li 3 round rods, 1* diam; 

Oj 3 JT 0.5 2 =» 2.350 sq ins; 

P = = 2.356/160 « 0.01473 > P; 

pn =• 15 X 0.0147.3 0.2209; 

k = v' {pvy + 2 pn — pn 

- V''0.22^ + 0.44 —0.22 - 0.48; 

4 ' = d/ = r/ (1 — ^/3; - 20 (1 — 0.16) = 20 X 0.84 - 16.8; 

C •= F^bkd/2 - 500 X 8 X 0.48 X 10 = 19,200 lbs; 

Cd' - 19,200 X 16.8 - 322,560 inch-lbs; ' 

T ^ Fg = 16,000 X 2.356 -= 37.696 lbs; 

Mg = Td’ - 37,696 X 16.8 - 633,293 inch-lbs; 

3/ - = 322.560 “ “ . 

19 e. By The intensection of the vert line on 100 p =» 1 473, 

with radial line for/^ = 16,000 lbs per sq inch, would give (on a sufficiently 
accurate diagram) A/j/5 d 2 — 19S, and 3/ ^ = 198 6 d^ = 198 X 8 X 20 ^ = 
633,600 inch-lbs; but the intoisvjction (»f vert line on 100 p -= 1.473, with 
dotted curve {n = 15) fur = 500 lbs pei sij inch, gives M^/hd '^ — 101; 
and 3/ = 3i^ = 101 6 d2 = 101 X 8 X 20^ = 323,200 inch-lbs. 

19 f. It will be noticetl that, in these ca.se&, nn increase of 166.5 
in the amt of steel, has increased the resisting; mom (which still 
depends upon the cone) by less than %; and the .steel, in Case 2, is 
stressed to only about 8,000 lbs per .s<i inch or half the mav allowable streM 
(intersection of vert for 100 p =» 1.473, with dotteti curve foi — 500, is 
nearly intersected by radial line for — 8,000). Sec t 13. 

19 g*. In both cases, (1) and (2), the intersection of radial line for =» 
16,000, with dotted curve for/^ ~ ~ Eive (on a suffi* 

ciently accurate diagram) p = P ^ 0.(M)4987; M/bd^ =“ 71.5, and 3f == 
71.5 fid 2 « 228,800 inch-lbs, the actual mom, for the given b and d, in the 
ideal case where fg and = respeccively Fg and F^ => 16,000 and 500. 


II. Design. 

20 a. ConTcrsely, given the bending moment. 236,500 
inch-lbs; Fg == 16,000; F^ =« 500 lbs per sq inch; whence P = 0.004987, 
as before. Required b and d. 

Let K and J = the values of k and of j respectively, corresponding tc 

f,-F, 

Here we have 

Pn - 15 X 0.004987 => 0.075; 


K - / (Pn)3 + 2 Pn — Pn 


J 

bd^ 


1/0.0753 + 0.150 — 0.075 =- 0 . 3193 ; 

- 1 — K/3 = 1 — 0.1064 = 0.8936; 

3f 2 Af 2 X 236,500 

■ FgPJ 


• 3315. 


Fg KJ 600 X 0.3193 X 0.8936 

20 b. An infinite number of section areas, bd, giving the 
lame resisting moment, M, may be found from bd *. 

20 €• Thus, in the example of t 20 a, with bd 3 — 3315, we may have 
b d 

6 552 23.5 

8 414 20.3 

10 331 18.2 


etc, etc. 



0 0^6 0.M 0.76 1.00 

Scale loop 

Figr 3. For Ultimate Stresses, (For allowable stresses, see Fig 2.) 

It - ’^^(^—pny + 3pn~ pn, J ^ d' / d 

f, •= unit stress in steel, — unit stress in co«c at top of beam 

p “ ®a/^c “ ratio of steel area to oonc area, 

« resistg mom, based upon max allowed value of reap, 

M » resistg mom, actual. 



n — ^g/j^c • curves represent n «• 10; dotted curves, n — 15. 

Steel lines for » — 10; approx for n - 15. ~ JE?^ — xmtial E for oono 
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SSO d. It can be shown (T & M, pp 175-6) that, with given M, given unit 
stresses, and given unit prices, the cost of a reinfd cone beam, per unit of 
length, varies inversely as d, directly as y/ 6, and directly as ^ h/d . 
Hence, for a given bd, the deeper the beam, the less is the cost; but practical 
considerations (such as practical limits to reiluction of b, requirements as 
to head room, etc) often limit the extent to which this economy can be carried 
in pracHce. 

31. lil'ithin the limit of allowable workinp; stresses. Fig 2, 

the stresses and deformations, in the several fibers, are taken (assumption 1, 
H 4) as proportional to the dista of the fibers from the neutral axis, as repre- 
sented- by the shaded triangle in the small figure above the diagrams (said 
triangle representing approx the lower portion of the parabolic area shown 
in Fig 3); and we have, Eq (7), % 10, 

It B3 -j/ (pn)2 -f 2 pn — pn. 

22. For stresses exceeding- the allowable workg stresses, 

up to the ult. Fig 3, assumption 1 is inadmissible, we must empmv the entire 
parabolic area, its vertex corresponding with the ult comp strgth of the 
cone; and we have 

k « (3 P n / 2)2 + 3 p“n — 3 p n / 2 (14) 

Fig 2 gives values of j, k and M /b d \ for ult values of fg and f^. 

22. Note that, for steel stresses, fg, not exceeding the usual clastic limit, 
and with ultimate < 2000 lbs per sq inch, the ult resistg mom in- 
creases directly with the amount of reinfint until this reaches 
2 % or over. Thus, Fig 3, with fg = 30,000 lbs per sq inch, ult < 2000, 
and p “ 0 to 2 %, we have Mlbd^ ’=‘ approx 25,000 p. 

Tee Sections. 

34. Tee sections. Fig 4. b — flange width; b' =» stem width; t =» 
flange thickness; d « depth from top of flange to cen of steel; /k d « 
depth of neut axis; d' — j d leverage of T and C 



25. When the tops of rectangular beams are connected by slabs, the 
whole being placed at one time and properly bomied, all or a part of the 
slab may be considered as a compression flange, in some respects 
similar to those, composed of angles and plates, of steel plate girders. 

26. The width of slab. 6 , Fig 4, which act» as flange, is sometimes 
taken as the distance between beams, but should not exceed % of the span 
of the beams. See Specifications, ^111 16S-170. 

27. Exact analysis of such a section is hanily possible, but it is believed 
that the following met hod is reas'mable and .safe. 

28. Determine the ratio, p = ^ 

beam were rectangular, with depth = d, and width — the Ranqs width, b. 
With this value of p, determine the position of the neutral axis. _ If this 
falls within the slab or just at its lower side, the resisting moment is found 
exactly as with any rectangular section. See Case 1, t 19. 

29. If the neutral axl<9 falls below the bottom of the slab, the 
position of the neutral axis will not be exactly given by the equation for 
rectangular beams; but the difference will not be important. 

SO. The rcfiifiting moment is Cd' or Td', whichever is the lesa 
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81. Examples. 

( 1 ) Neutral axis wlttiin the slab. 

Let 6 = 60 ins; 6 ' =■ Sins; d 20 ins; t - Sins; max allow- 
able unit stresses, ~ 500, F^ = 16,000 lbs per sq in; — 
3,000,000; = 30,000,000; n =• 10. Let there be 3 round steel 

rods, diam = 1 inch. 


Then 

P 


3 X 0.78.5 
60 X 20 


= 0 . 002 ; 


fc = (pn )2 + 2 p » — p n 

= / (10 X 0.002)^ + 2 X 10 X 0.00^— 10 X 0.002 - 0.18; 
kd ^ 0.18 X 20 - 3.6 ms; 

C = F^ bkd/2 = 500 X 60 X 0.18 X 20/2 - 54,000 lbs; 
r - 3 X 0 786 F, = say 37,650 lbs. 

Using the smaller value (that for the steel) we have : 

M = Td'=T(d — d k/2) =» 37,650 (20 — 3.6/3) - 707,000 inch-lba 

(2) Neutral axin below the Mlab. 

Let 6 — 60 in.s; b' => 10 ins; d = 30 ins; t — 4 ins; 

Eg and n as in Example (1); 6 round steel rods, diam =■ 1 inch. Then 

p - x 3 ^ == 0.0026, and k - 0.2; A d = 0.2 X 30 » 6. 

.82. Since the comp unit str^, in the outer fibers of cone, is assumed to 
be F^ — 500 lbs per sq inch, the streas, at the lower side of the slab, is 500 
{kd — t)(k d =• 500 X 2/6 =« 167; and the average HtreMS. lii the 
Nlab, IS - 2 “ lbs per sq in. 

38. The 2 inches of stem, which lie between the neutral axis and the 
lower side of the slab, exert some comp resistance, but this is neglected, 
with a small error on the safe side. 

34. The ikOMitlon of the center of gravity of the compressive 
forces in the slab may be found as for a trapezoid; but it is usual, safe, and 
sufficiently approximate, to assume that it is at the cen of the slab, or, in 
this example, at a distance of d — 1/2 =■ 30 - 2 = 28 ins above the cen of 
the steel. The mom of these forces is then = 333 X 60 X 4 X 28 — 
2,238,000 inch-lbs; but the moment of the ten.sile resistance of the steel is 
only Mg - Q X 0.785 X 16,000 X 28 = 2,110,000 inch-lbs; and this mom, 
being the less of the two, is to be taken as the actual mom, M. 


Shear. 

35. Shear. In addition to the hor stresses, resisted by conjpression in 
the cone and by tension m the longitudinal steel reinfrnt, the vertical shear- 
ing stre.sses require attention in relatively deep beams under heavy loads. 

36. For the total fthear, V, in any vert section, distant i from 
a support, we have : 

V = R — W (15) 

where R = upward reaction at the support; 

W ~ the total of any loads in the distance, x, 

37. The vert ahear is sometimes provideti fo' by using a large safety 
factor with the ult shearing strgth of cone, which is usually taken at from 
5(K) to 800 lbs per sq inch, while the working shearing stress is often 
restricted to from 30 to 50 lbs per sq inch. But see Stirrups, 38, etc. 
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Nhear Reinforcement. IStirmps. 

38. Shear Reinforcement. Where the loaciine produces a shears 
ing stress exceeding the limit assumed for plain cone, theheam is often reinfd 
by vert sf IrrupH. which consist of rods, bent into the shape of a letter U, 
and passing under the hor bars and up to near the top of the beam; or, in 
the case of Tee beams (Fig 4), into the slab. 

39. The dint ance between »*tirriipH is sometimes made such that, 
within u hor length ^ d', there shall be an aggregate sectional area of vert 
steel bars sufficient to carry the vert shear by means of the permissible unit 
tension in the steel. 

40. Example. 

Consider the T beam of example (1) ^31, Fig 4; b' =-■ 8 ins; b 60 ins; 
d = 20 ins; k = 0.\8: d' = 20 — k d/3 = 20 — 1.2 =% IH.S; safe mom of 
resLstce, M = 707,000 inch-lbs. Let span L 20 ft 240 ins. Then, foi 
a uniform load, we have IK = 8 A//L 8 X 707,000/240 - 23,600 lbs. 

Shear at ends - lK/2 — 11,800 lbs. 

With safe unit shearing stress — 50 lbs per s<i ineb, we have safe shear 
resistance of plain cone in section = 50 b' d' = 50 X 8 X 18.8 -= 7,500 lbs 

Under uniform load, this shear occurs at a dist, from the ends, 

(11,800— 7,500) L _ ,, 

2 X if, 800 “ ■ 

From this point to the center of the span, the cone is able to care for the 
shear, and no stirrups are there reqd. But see ^1^1 11 , 45. 

Between this point and each support, let the stirruiis be of inch round 
steel; aggregate cross section area of the two limbs of each stiirup = 0.22 
sq inch. 

Allowing 16,000 lbs per sq in, one stirrup will sustain 16,000 X 0.22 =■ 
3,520 lbs. 

The total shear, 11,800 lbs, at the support, divided by 3520, gives 3 3 
as the number of NlirrupM requited, iii 18.8 ins of length of beam; 

ISS 

or the spactn;;:* next to the en<1», should be - -- = 5.5 ins. 

Ijct the load, TF, --=■ 23,600 lbs, be uniformly distributed. Then, at a 
point 3 ft from the end, V = ^ X 11,800 -= 8260 lbs; 8260/3520 => 

2.36; and stirrup spacing; == 18.8/2.35 = 8 ins. 

41. The Npaeinic may be made to vary unlforinly lietw these limits; 
and it would be well for the vert roinft to extend beyond the theoretical 
stopping point (3.6 ft from end, see t 40;, by one or two stirrups spaced a 
foot apart. See 11 45. 

43. Let 

A = aggregate vert cross sec area of hor rods, sq ins; 

L = span, ft; 

2 =» dist from end of beam to stirrup, ft; 

S =• aggre^^ate cross section area reqd in the 2 limbs of the 
stirrup, sq ins. 

Then, wifen the stirrups are I ft apart, 

'■»> 

(J. W Schaub, E N. ’03/Apr/16. p 348.) 

43. In general, spacing betw stirrups > d'. 

44. The cone, in each sec, has to act as a connecting medium between 
the hor and the vert reinft. It is also subjected to comp forces, in transfer- 
ring the shear from one stirrup to the next. The action here is complex, 
and an ample safety factor should be used. 

43. In order to provide against excessive loadings, which may come 
temporarily upon the beams during construction it is aiJvisable to use 
stirrups, even where not actually require<l by the shearing stresses 
mined theoretically as above for the completed structure in use. in® 
Btimips being light, the cost of using them is principal^ for labor; so that. 
If any are reqd, it is well to be liberal with them. See f 41. 
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Unit Shear. 

46. Unit Ahear, v. In any hor section of a beam, Fig 5, under unifo^ 
or central loading, the hor tensile or comp stresses increase from the ends, 
where they are zero, toward the middle of the beam, where they are a max 
Hence, of any two vert plane sees, 1 and 2, the section, 2, nearer the cen of 
the beam, will have the greater hor stresses, «. 



47. Consider the forces acting upon the rectangular bo<ly, B, between the 
two sections, 1 and 2, 

4H. At the left section, 1 , the vert shear, T'', coming from the left support, 
pushes B upward; and the tension, T, of the steel pulls B honzontally toward 
the left; while the total comp, C, acting at the cen of the comp forces, pushes 
B toward the right. 

4». At the right sec, 2, the vert shear, F, pushes B downward; while T 
and are in line with T and C respectively, but opposite to them. Note 
that r > T, and C' > C. Let T' — T = 1. 

60. I jet there be no load on B, Then F' ==■ V.* Since the vert 
forces are distant by i, their moment — Fx I 'x.* The mom of T' — T 
ia (r —T)d' td\ Hence, for e4iiiilibriuiii„ 

Fx “ td'] or t — Vx/d' (17) 

51. In a reinfd cone beam. Fig I), we neglect the tensile strgth of the cone. 
Hence, the diff, T' — T = /, of tension, between secs 2 and 1 , must-be trans- 
mitted, from the steel to the neut axis, by a total shear, = t, uniform* in 
each hor sec; and, since the hor sec of the body, B, is b x, we have, for the 
mill. Nlioar: 


u - t/bx^ Vx/d'bx = V/hd' - V'/bd'* 


.(18) 


Diaiipoiial StrcNweA. 

53. As a matter of fact, the longitudinal tensile stresses and the vert and 
hor shearing stresses, combine to form, and are replied by,«tdl^ona] 
HtrcHNea; and reinfmt, against shear, is more rationally designed by deter- 
mining as nearly as may be, the directions and intensities of these resultant 
diagonal stresses (See II 53), and so placing the reinfmt as best to resist them. 

53. From “Maximum Unit Stresses in Beams," p 494 c, we have, in 
homogeneous beams, for the aii|^lc. A, betw the neutral axis and the 
resultant normal ^tensile and i-omp) or “principal” stiesses, s , at any point; 


tan 2 A >= 2t>/s; d®) 

and, for the max stress, 

8p - 8/2 + ( 20 ) 


where v == the unit vert or hor shear, and 8 = the unit hor tensile or comp 
stress, at the given point. 


* If there is a load, L, upon B (as, for instance, in the case of uniform 
loading) we have F' > F, and V' - F - 7^; and there are ftco couples of 
vert forces, with moms, respectively: Fx and (F' -- V) x', where x' - dist 
from sec 1 to gravity center of L Here we have, for sec 1, F - F'/h d*i 
and. for sec 2. v =* F/5 d\ • 
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54. But, neg;lectlii||f the tensile streth of the cone, trr 

have, in beams with tension reinfmt of straight bars, and for points betw 
the neutral axis and the steel, s » 0; whence : 

tan 2 A ^ oo; 2 - 9(f ; » 45®; 

= /»2 - V = ....( 21 ) 

55. Hence, ‘betw the neut axis and the steel, we should provide against 
tensile unit stresses, «= V/b d\ acting in parallel directions form- 
ing angles of 45® with the neut axis. 

56. Other thinira being equal, this provision is preferably made by means 
of rods, placed like the diag; tension members of a Pratt 
bridge truss, Figs 76, 86, 96. p 693, and forming angles of 45® with the hor. 

57. Very commonly, the tension rods, at each end, in a hor (list about 
equal the depth of the beam, are bent upward to form an angle of 45® or 
thereabouts with the axis of the beams. 

Adhesion. See p 1279. 

58. Unit of adhesion. Let 

X B a given portion of the length of the beam; 

t —7’' — T =* the increase, in total tension, T, in the steel, in the Igth, x; 

V “ the total vert shear in the cross section; 

d* — the dist betw T and the cen of comp of the cone; 

U ^ ilx the bond stress, per unit of x\ 

m “ the number of rods; 

a — the circumference of one rod 

»> the circumferential contact area of one rod, per unit of *; 

11 «» [7/wi a = the bond stress, per unit of a. 

Then (see H 50), t d' = V x; f =» V x/d'; U ~ tlx ^ V x/d' x - V/d'; and 
u “ U/ma = Vld'ma (22) 

59. For given values of the bond stress, (7, per unit of length, and of the 
bond stre&s, u, per unit of circumferential contact area, the prcnluct, m a 
— U/u ( = total circumferential area per unit of length) in a given case. 
Vs constant; but the cross sec area, weight and cost of the rods increase 
as the square of a. Hence, for a given total adhesion, numerous fimall 
tods are more economical than fewer lay^er rods; but there is, of 
lourse, for each case, a practical limit to tins economy. 

ContinuoiiM bcamN. 

60. P’loor systems are usually compose<l of slabs and beams continuous 
ever supports; and, if the negative bending moments over the supports 
(producing temion at to-p of beam) are amply provided for, by remfmt near 
the top, and if the supports are unyielding, or exactly equal in their yielding, 
advantage is usually taken of the reduction in the positive bending moms 
(at and near cen of span) due to continuity, 

61. Where floor slabs are laid continuously over the supporting beams, 
it is usual to assume WL/\0 — wU^/XQ as the max bending mom, where 
L — span; W =* total load on span; to = IF /L — load per unit of L, 
Beams, continuous over the supports, may have a like value used in design, 
if the beams are amply reinfd at top and over the supports. 

6S. On the t»core of aafety, it is frequently specifled that beatns, 
slabs, etc, shall be regarded as non-continuous over supports, this practice 
requiring us to provide, at cen of span, against greater (positive) bendg 
moms than if the beam were continuous over supports; but, on the other 
hand, few if any beams are wholly non-continuous; i e, even where the 
beam is supposed to be non-continuous, there are negative bendg moms 
over the supports, due to the width of the support and to the presence of 
loading upon the beam over the support. Such moms require reinfmt at 
top, over and near supports. 

Hence, while it is advisable, in the case of non-continuous beams, to 
calculate the positive center bendg mom upon the assumption of absolute 
non-oontinuity, the condition of even non-continuous beams, over then 
supports, should be carefully investigated, and provision made for any 
negative mums theret found. 



64. Donble Reinforcement. The necessity, under certain condi* 
tions, of reinfg against negative, as well as against positive moments (f 62) 
gives rise to cases (Fig 6) where reinfmt appears near both top and bottom 
of the section. For brevity, that on the side which, under positive mom, 
is under compression, will be called “compression reinft.” 



63. In addition to the symbols of H 5, p 1283, let 
Ug « cross section area of comp reinft; 
p' ^ d « steel ratio for comp reinft; 

= unit stress in comp reinft; 


C - total stress “ “ “ ; 

d" = dist from “ “ to nearest face of beam; 

z = " “ comp resultant, C + C', to nearest face of beam. 

66. Then, (neglecting the slight diminution of by the presence of 
for poNltion of neutral axlN: 

fc = 2n (p + p'd^'fdj + n2 (p + p')® — ™ (p + p'); 

for position of compreMion reNultant : 
fc3d/3 4- 2p'nd" ik — d"Jd)^ 

^ )c‘^ + 2p'n(k — d"/d) 

for arm of reslMtlnK' couple : 

jd — d — z; 

for fiber MtrettMCH: 

f „ (\Mkfh(P 

h " ^2 _ G p' n (A: — d''/d) (1 — d^id)'"" 

f,^M/pjhd^ = nf^a — k)/k 

/,'= nf^ ik~d"ld)lk 


V) 

.(24) 

.(25) 

(26) 

.(27) 

.(28) 

■(29) 


METHODS OF REINFORCEMENT. 

1. The commonljr accepted theory of reinfd cone beams re< 
quires longitudinal tension reinfmt near the bottom* of the beam, and diag 
tension reinfmt at 45®, not only betw the hor reinfmt and the neutral axis, 
but extending upward into the region of compression, in order to take 
advantage of the superior adhesion due to the compression there. It also 
requires, usually, tension reinfmt near the top,* at points over or near the 
supports. 

11^ 60, etc, p 1294. 


*The terms “bottom" and “top" are here used as referring to a beam 
supported at the ends, and loaded on top, where the major portion of the 
bottom is in tension, in a cantilever, of course, this is reversed. 
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54. But, neg;lectlii||f the tensile streth of the cone, trr 

have, in beams with tension reinfmt of straight bars, and for points betw 
the neutral axis and the steel, s » 0; whence : 

tan 2 A ^ oo; 2 - 9(f ; » 45®; 

= /»2 - V = ....( 21 ) 

55. Hence, ‘betw the neut axis and the steel, we should provide against 
tensile unit stresses, «= V/b d\ acting in parallel directions form- 
ing angles of 45® with the neut axis. 

56. Other thinira being equal, this provision is preferably made by means 
of rods, placed like the diag; tension members of a Pratt 
bridge truss, Figs 76, 86, 96. p 693, and forming angles of 45® with the hor. 

57. Very commonly, the tension rods, at each end, in a hor (list about 
equal the depth of the beam, are bent upward to form an angle of 45® or 
thereabouts with the axis of the beams. 

Adhesion. See p 1279. 

58. Unit of adhesion. Let 

X B a given portion of the length of the beam; 

t —7’' — T =* the increase, in total tension, T, in the steel, in the Igth, x; 

V “ the total vert shear in the cross section; 

d* — the dist betw T and the cen of comp of the cone; 

U ^ ilx the bond stress, per unit of x\ 

m “ the number of rods; 

a — the circumference of one rod 

»> the circumferential contact area of one rod, per unit of *; 

11 «» [7/wi a = the bond stress, per unit of a. 

Then (see H 50), t d' = V x; f =» V x/d'; U ~ tlx ^ V x/d' x - V/d'; and 
u “ U/ma = Vld'ma (22) 

59. For given values of the bond stress, (7, per unit of length, and of the 
bond stre&s, u, per unit of circumferential contact area, the prcnluct, m a 
— U/u ( = total circumferential area per unit of length) in a given case. 
Vs constant; but the cross sec area, weight and cost of the rods increase 
as the square of a. Hence, for a given total adhesion, numerous fimall 
tods are more economical than fewer lay^er rods; but there is, of 
lourse, for each case, a practical limit to tins economy. 

ContinuoiiM bcamN. 

60. P’loor systems are usually compose<l of slabs and beams continuous 
ever supports; and, if the negative bending moments over the supports 
(producing temion at to-p of beam) are amply provided for, by remfmt near 
the top, and if the supports are unyielding, or exactly equal in their yielding, 
advantage is usually taken of the reduction in the positive bending moms 
(at and near cen of span) due to continuity, 

61. Where floor slabs are laid continuously over the supporting beams, 
it is usual to assume WL/\0 — wU^/XQ as the max bending mom, where 
L — span; W =* total load on span; to = IF /L — load per unit of L, 
Beams, continuous over the supports, may have a like value used in design, 
if the beams are amply reinfd at top and over the supports. 

6S. On the t»core of aafety, it is frequently specifled that beatns, 
slabs, etc, shall be regarded as non-continuous over supports, this practice 
requiring us to provide, at cen of span, against greater (positive) bendg 
moms than if the beam were continuous over supports; but, on the other 
hand, few if any beams are wholly non-continuous; i e, even where the 
beam is supposed to be non-continuous, there are negative bendg moms 
over the supports, due to the width of the support and to the presence of 
loading upon the beam over the support. Such moms require reinfmt at 
top, over and near supports. 

Hence, while it is advisable, in the case of non-continuous beams, to 
calculate the positive center bendg mom upon the assumption of absolute 
non-oontinuity, the condition of even non-continuous beams, over then 
supports, should be carefully investigated, and provision made for any 
negative mums theret found. 
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that, where the elastic limit exceeds a steel 

deformed bare, IIH 15 etc, shall be us^. At 30,000 Ibs/sc] intl , . 
about 0.10 per cent; at 50,000 Ibs/sfl inch, about 0.17 per cent, 

Cold working raises the ultimate strength and the elastic limit, but 
slightly lowers the elastic modulus; see Fig 1, representing tests at Water- 
town Arsenal (Tests of Metals, 1901, p 397) on plain and cold-twisted steel 
bars, inch square. Gaged lengths, 10 inches. The twisted bar had 1 
twist in 8 in.'hes. Similar results were shown m tests made at Watertown 
Arsenal, Jul> 12, 1902, and published by Ransome Concrete Co, See H 21, 
Square bars, of interior steel, are twisted hot, and are more brittle. 


10. Plain round sle**! bara are very generally used for reinforce- 
ment in America, and still more generally in Europe. Square bars also 
are used, but are less conveniently handled. Flat bars have been found 
deficient in adhesion. 


11. In order to inereaae the reaistanee of plain bars to 

being pulletl thru the cone, they are freipiently bent up at right angles (or 
bent over at 180° so as to form a hook) at their ends. 

12. “Anchorage, furnisht by short bends at a right angle, is less effective 
than hooks consisting of turns at 180°." J. €. 

13. For the same purpose, (H 11), the bars may be threaded at their ends, 
and provided with .‘^teel anchor plalea, secured by nuts. Such plates 
should be large enough and thick enough to withstand pulls due to the ful’ 
tensile strength of the rods. In designing such plates, Prof. L. J. .lohnsoi 
assumes a crushing strgth, in the cone, of 900 Ibs/sq inch, and a fiber stress 
in the anchor plate, of 25,000 Ibs/sii inch. Several rods, side by side, pass 
thru a common large plate at each end, which serves, also, to hold the rods 
in their relative positions while the cone is being placed. Nuts, on the 
inside, holding the anchor plate to a firm bearing against the outside nuts, 
are an important jirovision. Room, for such plates, is usually found in a 
wall or column, or over a knee-bracket, etc. Otherwise, in order to give 
room for the anchor plate, the beam may be deepened locally, or the rods 
bent up, near their ends. When bent up, the rod exerts an upwd pres upon 
the cone, near the liend. This increases the friction, in the bent portion, 
and thus reduces the pull transmitted to the anchor plate. 

14. “Adequate bond strgth, thruout the length of a bar, is preferable to 
end anchorage." J. C. 

15. Also for the purpose of increasing adhesion (or rather to substitute, 
for it, a “mechancial bond") “deformed bara,*’ of various shapes are 
used. 


16. The principal claim, in favor of deformed bars, is that the 
“ mechanical bond, ” which they offer, is the sole reliance of the reinfmt, 
after its adhesion proper has bwn destroyed, as by a stress exceeding the 
adhesion, by infiltration of water, by concussion either during or after con- 
struction, or by constant and rapid alternations or reversals of loading, in 
service. Vert rods especially, during construction, are liable to accidental 
blows upon their projecting upper ends; and such blows may affect the ad- 
hesion of the portions already imbedded in cunc. 

17. On the other hand, it is pointed out that innumerable struc- 
tures, with plain bars, have satisfactorily withstood, for years, service 
involving such vibration; and it is claimed that whatever advantage arises 
from defcirmation is more than offset by the slight increase of cost. Plain 
bars are of course free from patent claims, and they are at all times readily 
obtainable in the general metal market, 

18. The projections, on the surfs of some deformed bars, may injure the 
cone covering unless this is of considerable thickness. • 

19. In studying comparative tests of plain and deformed bars, attention 
should be given bo the richness of the oonc mixture. Unless this is H uffi - 
ciently rich to insure the complete eovertn]|r of each bar with cem 
over its entire surf, the adhesion proper will not be fairly developed, and the 
pulling test will exhibit chiefly the diff in “mechanical bond/ in which, of 
course, the deformed bars are superior. 
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20. Defornied bars offer a suitable means for supplying Ligh bond 
'Baistance.” J. 

The following deformed rods, Kgs 2, are in more or less general use; 


(O') Hamome 
cold-twisted 
square 





(/) Diamond 
{Mueser) 


(fi) Havemeyerl 


{h) PriddU 



Fig 2. Deformed Rods. 

M. RaiiHome. la; ^uare steel rods, twisted cold. Twisted either ftl 
mill, or (conveniently and inexpensively) on the work. 
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22. rold-iwisted Inj^-bar. (h) Square bar. with angles rounded, to 
prevent the starting of cracks in the cone, twisted cold. The lum are de- 
signed to resist any tendency of the bar to untwist under tension. For effect 
of cold working, see 1 9, p 1297.* 

23. Thaeher. (r) Round rods, deformed by flattening at short intervals. 
Cross sec area practically constant. Changes in shape made by means of 
gradual curves. 

24. C'orriiif ated bara ; (d) ordinarily of steel with yield point 50,000 
Ibs/sq inch or over. Square, round and flat. 

25. Cup bars. (e). 

26. Diamond bar. (/) Rolled round, with two spiral projecting ribs 
of equal pitch and in opp directions (dividing the surface into ff)ur rows of 
diamond-shaped recesses) and two opp longitudinal ribs, at the points 
where the upper and lower rolls meet m manufacture. Cross-section area 
and weight = those of plain scfUBre bars of like denomination. Claims; 
uniform cross section area, uniform elongation, uniform distribution of 
bond; projecting ribs aid in resisting tension; edges rounded; no tendency 
to untwist und'‘r tension. 

27. Ilaveinoycr bar. (g) Square, with rounded corners and pro- 
jections. 

28. Priddle Internal-bond Bar. (h) Flat bar, perforated and 
twisted, and the slit flanged, as shown. Small sizes worked cold; larmr 
size.s, hot, A web may be forxhed by passing smaller bars, of same or other 
pattern, thru the slits. 

29. The monolith bar consists of a hor tension member with 
separate diag liotvC. In section, the hor member resembles a heavy rail 
with two heads instead of head and flange. Each link is a bar of round 
steel, bent over at top and thus forming^ two parallel diag legs, which, at 
bottom, are bent hor, and their hor portions, one on each side of the hor 
member, are gripped between its heads, which are swedged in, at those 
points, for the purpose. 


Supports. 

30. It is of course of the first importance that the longitudinal 
forrluf; bars be placed and kept in I heir proper positions. If, 

as finally located, they are too high, their resisting leverage, d', and the resutg 
moment of the beam, are diminished. If they are too low, they have w 
insufficient protective depth of cone below them. Various devices are in 
use for holding the bars in position. 

31. Stirrups, Fig 3, act as hangers for the main rods. 



I 

teal 


Tig 4. 

Supports for Reinforcing Bars. 



Tig 6. 


inr 

11*5. 


32. Idght rods are sometime held by wire supports. Pig 4, or by 
cone blocks, about 1.2 or 2 ins thick, Fig 5. 

33. Heavier rods may be supported by clamps. Fig 6, made of pieces of 
H" or 1" channel iron, held together by round-headed stove bolts, 

or diam, placed in the forms, and 6 or 8 ft apart. 
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“Web” Relnlorcement. 

84. Web reinforcement is used in broad and shallow slabs, in thin walla. 
In sewers and conduits, in columns, etc. 

85. The simplest form consists of rods, placed at right anglea. 
and wired or welded together at their intersections. The heavier or main 
rtids are of course so placed as to take the greater stresses. The transverse 
rod.s hold the mam lods m position during construction, and afterward 
distribute their tension across the intervening cone. They thus offer a 
mechanical liond. The mesh mu.‘»t be large enough to jiass the particle.s of 
the agg used in making the cone, 

86. Jean Monler, of Paris, used such webbing in the reinforcement of 

arches. ' 

37. Expanded metal. Fig 7. Sheet steel, slitted and opened out 
into diamond-.sliaped panels. In sheets, 12 to 72 ins wide, 8 to 12 ft long; 
mesh from to 6''; metal, Stubs gage, No. 18 to No. 4. 



88. When slab reinforcement is furnisht in short sheets, the.se must 
overlap sufficiently to transmit the tension from one sheet to the next. 
The lapping uses about 10 % of the area of the metal. 

39. Clinton wire lath, in rolls of 100 or 200 ft or more, of drawn 

steel wires, crossing at right angles, inch mesh, electrically welded and 
reinfd by longitudinal reinfg warp strands, 6 ins ajiart, and made up each of 
two wires cross-looped and twisted over each crossing strand; and, when 
desired, by transverse V-shaped stiffeners of No. 24 gage steel, fastened to 
the wires at intervals of about 8 ins. Furnisht plain, japanned or galvtl, 
m 36 inch width. , 

40. Clinton welded wire; No 3 to No. 10 drawn steel wire, plain 
or galvd; mesh, 3 X 8i 2 X 12, 3 X 12, 4 X 12 ins. 



Fig 8. Rib Metal. 

41. Rtb metal. Fig 8: expanded from specially rolled steel plat®** 
Hbbed longitudinally. Mesh varying, by single inches, from 2 io 8 in** 
Sheets up to 16 ft long 
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42. Rib Ibth, Fig 0, 



ri«». Rib-Lath. 


TruMiied R«inforcemont. 

13. In general, truss^ reinforcement is sliehtly more expensive than 
r)lain bar reinfmt; and, if shipped in rigid built-up units, it incurs higher 
freight charges and is more liable to dama^ en route; but it has the great 
advantage of holding the bars in position while the cone is being placed, and 
of obviating the omission or misplacement of stirrups, etc, either by accident 
or by design. The trusses may be made up of either plain or deformed bars. 
They should be provided with means for connecting them, over the supports. 

44. In the Kahn truMSod bar. Fig 10, the projecting side fins are 
slit away, in places, from the central portion, and bent up, as shown, The 
same bar, inverted, is used over the supports. 



Cross sec at cen. Fig; 10. Kahn Bar. 

15. Fig 11 shows the rollapNible Economy Unit frame. 



Fig; 1 1 . “ Economy ’ ’ Collapsible Trim 


Reinforcement with Structural Shapes. 

46. The Slelan system, invented by Joseph Melan, of Austria* 
Hungary, in 1802, and patented in the United States in 1803, comprises a 
concrete arch in which iron or steel beams are embedded, I or small spans, 
the beams are usually rolled I-beams; while, for spans of considerable 
length, they usually consist of four augles latticed, 

17. Where a structural shape, of considerable size, is imbedded in cone, 
to form a beam, so that the steel predominates and furnishes most m 
the strgth reqd, the eonc acts chiefly as a protecting; cover 
for the steel; and the case is hardly one of reinfmt properly so cal^. 
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48. It is difflcalt to seenre perfect filling, with cono, of the 
inacee under the fiancee of rolled or built-up shapes. In such case^ each 
day’s work should be stopped either well above or well below the flange. 
Otherwise, shrinkage, under the flanges, will aggravate the difficulty. 

Column Reinforcement. 

40. Columns are reinfd by means of vertical rodH, placed near the 
circumf and usually wired together at intervals, or by circumferential 
(hooped or spiral) wrapping, or both. 

See Reinfd cone cola, pp 1280, etc. 

00. In tall buildings, the column rods are often faced at the ends 
to give good bearing, and connected by loose sleeves, ‘which keep the ends 
in proper contact; and an iron or steel plate is placed under the feet of the 
rods in the footing, to distribute the lo^ more evenly over the cone of the 
foundation. 

51. In Mr. C. A. P. Turner’s mnahroom Myntem of columns and 
floors, the cols are splayed, at tup, to increase their bearing area, and the 
floor reinfmt consists essentially of straight members (hor or nearly so) 
radiating from the cols, and joined, at intervals, by circular or polygonal 
members, which cross the radial members generallv at right angles, Beama 
and ribs are dispensed with, and the floor is of unifor^t thickness. See E N, 
*09, Feb 18, p 178. 
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EXPERIMENT AND PRACTICE. 


Directory of (Elected Results, pp 1308, etc. 

Words in bold-face type, preceding a semicolon, refer to one of two 
related matters ; words in plain type, following the semicolon, to the other 
one. Numerals and letters refer to the records of experiment, etc. 

Example. Under fSAND tbelow), Stand, character ; density of 
nortar, 8c, c, 9d, Stic” refers to Experiments 8c, etc, which give ir forma- 
tion respecting the effect of fl) character of sand upon (2) dersi^ of 
mortar. Conversely, on p 1304, we find “Mortar, density n — ; 
character of sand, 8c, e, 9a, 86c.” 


CEMENT. 


Cement, 
character of — ; 

water reqd, 61 o 
Portland dr natural — ; 

water reqd, 4 d 
strgth, 14 a, 19 a 
abrasion, 4 g 
permeability, 65 a 
electrolysis, 75 a 
silica — ; oil, 53 d 
typical mix; 86 / 
age of — ; soundness, 29 a 


flneneMN of—; 

soundneas, 29 6 
strgth of mortar, 4 / 
water reqd, 4 d 

quantity reqd ; agg /9 b, d 
quantity ntted: 
strgth of mortar, 8 a 
elastic modulus, 70.5 
expoanre; 39 a, 6 
Nulfnric acid in — ; 6 a 
chemical action o 26 a, 
k, c 


SAND. 


Sand, 

finencHa of — ; 

density of sand, 2 o, 8 8 j\ 

8 k 

water reqd, 61 a 
density of mortar, 8 c, 9 d, 
79 c 

strgth of mortar, 4 c, 8 a, 52 5, 
79 c 

f iermeability of mortar, 8 d, 9 c 
ime recid for waterproofg, 82 6 
sea water, 8 g 

uniformity coefficient ; 5 a 
grading of — ; 

mortar, 8 c, 86 c 
ahape of gralna; 

density of, sand, 8 i, 8 f, 94 a 
denaity of—; 
fineness, 2 cr, 8 j, 8 A: 
uniformity coeff, 5 a 
shape of grains, 8 i, 94 a 
compacting, 2 a, 8 /i, 8 i, 8 fc, 
45 a 

character, 8 I 
mica, 87 a 

moisture, 2 o, 8 /i, 8 f, 45 a 
mortar, 86 c, d 

voida; 

spheres of uniform diam, 45 6 


compacting ; 

density of sand, 2 <r b h, 8 i, 
8 A, 45 a 

fineness of sand, 8 f 
molature in — ; 
density of sand, 2 d I h, 8 I 
water reqd, 61 a 
character ; 
denaity of sand, 8 I 
density of mortar, 8 f c, 9 d, 86 c 
strgth, 19 c, 39 < 7 , 50 r 62 a, 62 a 
absorption, 62 a 

impiiritiea in — ; 9 c, 52 a 
clay A loam in - i 

strgth, 4 o, 34 a, 39 f, 50 b, 52 o, 
b, 56 a, 80 a 
permeability, 4 a 
absorption, 56 b 

mica in — : 79 a, 87 a 
friction of—; 89 o 
percentage of — ; 

electrolysis, 91 a 
abrasion, 4 g 
fnaing point; 89 b 
va acreenlnga ; 79 a-i 

density, 79 c 
permeability, 79 h, j 
absorption, 55 a 

va cruahed limeatone; 50 a 


ACCIDENTAE INGREDIENTS. 


riay in cement; 4 a 
Clay 4: loam; 

strgth of mortar, 4 a, 34 a, 39 g, 
50 b, 52 a, b, 56 a, 80a 
absorption, 56 a 
plasticity of paste, 4 a 
density of paste, 4 a 
permeability, 4 a 
mortar for plastering, 4 a 
in cone for columns, 62 a 


CTay & alum; 

permeability, 80 o 
Mica; 79 o, 87 a 

Hulfurlc acid : 6 a, 49 a 
Halt; 4 c, 19 a, 31 a 
Gypanm; 51 a 
Gypanm A lime; 61 c 
C'alcinm chloride; 51 a, b 
Ume; 80 a, 82 d 
Lime A gypsum; 51 e 
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Directory to Expertmente, pp 1308-1351. 


MIXING WATER. 


Water, mixing:—. 

Malt In — ; 4 c. 19 o, 31 a 
evaporation of — 9 a 
quantity reqd: 

nat & i*(>rt cem, 4 d 


cem, character of — , 61 a 
size & dryness of sand grainy 
61 a 

mica, 87 o 

MulfOric acid in — ; strgth, Ga 


MORTAR. 


Mortar, 

neat dr sand — : 86 i 
consistency of — ; 

fineness of cem, 4d 
cinder, 83 a 
rate of setting, 4 d 
volume of cone, 21 a 
density, 61 a 
strength, 39 e, 61 a, 83 a, 
elastic modulus, 61 6, 81 a 
permeability, 33 a, 47 c, /, 61 o 
laitance, 61 d; fire, 46 e 
preferable — , 61 e 
sea water, 8 g 
richness of — ; 
volume of cone, 21 a 
density, 8 c, 9 d 
permeability, 8 d, 9 c 
sea water, 8 g 
density of — t 

percentage of voids, 9 b 
character of sand, 8 c, c, 9 d, 86 c 
richness, 8 c, 9 d 
clay, 4 a . 

entrained air, evaporation, 9 a 
strengrth of—; 
fineness of cem, 4 / 
proportion of cem, 8 a 
exposure of cem, 39 a, 39 b 
character of sand, 4 c, 8 a, 86 d 
clay, 4 a, 34 a, 39 g, 50 h, 52 a, b, 
56 o, 80 a 
salt, 4 c 

sulfuric acid, 6 a 
consistency, 39 c 
hand and machine mixing, 39 c 
treatment of briquet, 39 d 
permeability of—; 
character of sand, 8 d, c, 9 c 
richness, 8 d, 9 c 
clay, 4 a ^ 

diminution of — with time, 8 / 


plasticity of — : 4 a 
soundness of—: 

cement, 20 a, 6 
abrasion ; 4 g 
expansion of — ; 4 h 
lime in — : 82 a 
sal ammoniac in — : 47 I 
briquet, treatment of — ; 
strength, 39 d 

protection of metals by — ; 

in water: 4 b, 8/ 
sea — , 4 6, 7 a, 8 g 
for plastering: 

clay in — , 4 a 
aeration ; 

rate of setting, 84 a 
proportion of—, in cone; 
strgth, 79 / 
density, 79 / 

permeability, 13 b, 43 a, 79 g 
volume of cone, 21 a 

PROPORTIONS. 

Proportions : 

density of concrete, 9 e 
elastic modulus, 81 a 
strength, 14 a, 15 a, 18 a, 19,. 
shear, 81 6 
adhesion, 64 b 
strgth of columns, 35 a 
permeability, 9f,g, 13 a. b 

25 a, 43 a, 65 a 
thermal conductivity, 46 b 
electrolysis, 91 a 
Grading; 

distribution, 47 d 
cement reqil, 79 d 
den.sity 79 d 
permeability, 93 a 
transverse strength, 72 a 


aggregate. 


Agrirrejgate; 

fire, 41 d 

proportion to mortar; 

volume of cone, 21 a 

addition of — : 

retardation of setting, 8i a 

dirt in — ; 

strgth, 19 c 
weig^ht of — : 3 a 
densitT of—; 3 a 
gravel & broken stone, 8 1 , 14 o 
compacting, 21 c 
voids in — ; 

spheres of uniform diam 45 b 


size of—; 

cem reqd, 79 6 
permeaDility, 79 1 
density, 8 I, 79 6: strgth, 79 b 
elastic modulus, 70.5 
kind of—: 
density, 8 t 
proportion.s, 17 a 
permeability, 79 g, 79 / 
strgth, 19 b, 35 a, 83 a 
g;raYel ; 8 1,79 a 
strgth, 39 /, 83 a 
fire, 41 c, 70/ 
permeability, 9 g 
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Directory to Experiments, pp 1308-1351. 


A«GRE«ATE.-Continue(l. 


Ntone VM gravel; 

permeability, 79 j 
density, 14 a, 79 r 
istrf^th, 14 a, 79 c 
fire, 41 c 
K^rnnite ; 83 a 
limcNtone; 
water, 69 o 
atrgth, 83 a 

HaiidNtone \h aliale; 11 a 
quartz; expansion, 70/ 


Scroeiiiii||ir«i, Ntone — , 
IffrafliuK:; 86 b 
Sereeniiiipt, l^ravel — , 
denNity ; 86 a 
Cinder cone; 

strgth, 15 tJ, 23 a, 83 o 
fire, 41 •? 

thermal conductivity, 46 & 
consistency, 23 a, 83 a 

proporiioiiN; strength, 15 a 


COUrt^RETE. 


MIXING. 

Mixing^; 

distribution of sizes, 47 d 
freezing weather, 44 a 
shrinkage, 21 a; fire, 46 e 
rate of — , 39 c 

hand * iiiachine — ; 22 a, 

39 c 

confiniioiiN: 27 a 
thorot strength, 12 a 

Ke>teinperinsr ; 28 a 

EORMfii. PliACING, 
COMPACTING. 

I'oriiiN ; 

coated with soft soap, 32 o 

Placinm', 

freezing weather, 44 a 
dropping fiom height, 33 a 
delay in — , 20 a 

t'oiiipuciiiig^; 

density, 17 a 21 6, 21 c, 45 a 
tire, 46 e 

NETTING. 

Setting:, 

exnaiiNion during- — ; 4 h 
rate of — ; 

salt, 4 c; consistency, 4 d 
aeration, 84 a 
addition of agg, 84 a 
gvpsum, 51 a 
lime and gypsum, 51 r 
calcium chloride, 51 o, 51 h 

AGE. 

Age ; 

strgth, 12 a, 14 a, 18 a, 81 y, 
86 0, b, t 

elastic modulus, 61 h 
permeability, 61 c, 78 b, 79 j 

EAITANCE. 
liaitance : 

consistency, 61 d 
permeability, 47 6. 60 a, 61 d 
strgth, 61 d 
thickness of — ; 61 d 

REGRINDING. 
Btcgrinding; 31 c, 77 a 


FINISH. 

FiniNh ; 24 a, 32 a, 44 h 

water-tight — ; 47 h, 57 o, 93 a 

Noap and alum mixture ; 47 h 
Paint ; 66 a 

PROPERTIEN, BEHAVIOR. 
l>cnNity ; 

fineness of sand, 79 e 
sand vs screenings, 79 c 
f^avel vs stone, 79 c 
size of agg, 79 b 
proportions, 9 c, 17 a 

f :raaing, 79 d 
line paste, 82 d; clay, 4o 
consistency, 61 a 
mortar, proportion of — , 70 i 
compacting, 21 b 
peirneability, 72 b, 70 g 
durability, 72 5; strgth, 72 6 
plasticity, 72 b 
VoidN; 45 b 
Volume; 21 a 
Nhrinkage ; 21 a, 42 a, 73 a 
AbNorptum ; .55 a 

character of sand, 62 o 
sand vs screenings, 55 o 
clay and loam in sand, 66 6 
strgth, 62 n 

Diietility; 16 n, 30 a, 36, 38, 48, 
81 e,f 

Flow : 58 a 
Durability t 72 b 
PluNtieity : 72 b 
NoiindiiesN: oil, 68 a 
AbraNion ; 4 g 

Ntreiigth. 
strength : 

ingredients, 50 a 
nat and Port cem, 14 o, 19 a 
typical mix, 86/ 
sand, character of — , 62 a 
sand, fineness of — , 52 b, 79 e 
sand, grading of — , 86 c 
sand vs cruslipd limestone, 50 a 
proportions, 14 a, 18 a, 19 6 
agg, character of — , 19 6, 83 a 
agg, size of — , 39 /, 79 b 
gravel vs stone, 14 a, 79 c 
sandstone vs shale, 11 a 
cinder oonc, 15 a, 23 a 



1306 


CONCRETE. 


Direcl4>r.v to Experimentii, pp 1308-1351. 
CONCRETE.— Continued. 


screenings, 86 b 
mica, 87 a 

proportion of mortar, 79/ 
dirt in sand and agg, 19 c 
clay and loam, 34 a, 39 g, 52 b, 
56 a 

clay and alum, 80 a 
lime, 80 a 

consistency, 61 a, 83 a 
salt, 19 a 

mixing, 12 a, 22 o, 27 o 
re-tempering, 28 a 
delay in placing, 20 a 
laitance, til d 
re-grindmg, 77 a 
age, 12 a, 14 a, 18 a, 81 g, 86 i 
cold, 19 a 
density, 72 n, b 
fire, 46 d, 70 d to / 
oil, 63 a to c, 68 b 
absorjition, 62 a 
reinforcement, percentage of — , 
81a 

columns, 35 a 
reinforced beams, 81 g, h 
uniformity, 86 g, h 
safe, 9 h, 12 b 
compressive — , 85 a, 86 i 
tensile — , 85 a, 86 i 
transverse — , 85 a 
torsional — , 81 f 
sheanng — , 81 5. e 
shearing — , in beams; 81 h 
Fatitfue ; 16 a, 48 a, 76 a to e 
Unit NtreMN; 

unit stretch, 67 a, 81 a 
Elastic Properties. 
Elastic propertieN : 67 a, 81 a 
Potenzgesetz (law of powers), 
67 a 

fire, 70 c 

neutral axis, position of — , 83 o 
Elastic limit; 

adhesion, 88 a; fatigue, 76 c 
Elastic modulus ; 81 a 
size of agg, 70.5 
proportions, 70.5, 81 a 
consistency, 61 b, 81 a 
age, 61 b 

fatigue, 76 r; fire, 70 c 
columns, 35 a 

Permeability. 
Permeability ; 47 a to I, 78 a to 
d, 79 g, 82 a 

cem, Port <fe nat — , 65 a 
proportions, 9 /, g, 13 a, b, 25 a, 
43 a, 65 a 

excess mortar, 13 b, 43 a, 79 g 
aggregate, 79 g, i, j 
grading, 93 a 
gravel with sand, 9 g 
sand, screenings, stone, gravel, 
79 j 

clay, 4 a 


clay &, alum, 80 a 
lime, 80 a, 82 a, c 
lime «!t sand, 82 h 
consistency, 33 a, 47 c,/, 61a 
laitance, 47 5, 60 a, Old 
density, 72 b, 79 g 
waterproofing, 47 h, 80 a 
soap and alum mixture, 47 h 
finish, 47 h, 57 a, 93 o 
reinforcement, 47 /, g 
sunshine, 47 e 

pressuie, 25 a, 78 5, c, d, 79 g 
percolation, 47 b, 60 a, 65 a 
thickness, 79 j 
age, 61 c, 78 5, 79 j 
tanks, 33 a, h7 a 

EXTERN AE INFLUENCES. 

Electrolysis ; 75 a, 91 a 

Nunshine ; permeability, 47 e 

Air; 

corrosion, 59 a, 5 
shrinkage and expansion, 73 a 
steam aud carlmiiic aeid; 
corrosion, 40 a, 5 

Water ; 4 b, H f 

shrinkage & expansion, 73 o 
limestone cone, 09 o, 5 
hardness of mortar, 37 c 
strgth, 23 a 
adhesion, 26 a, 37 c 
corrosion, 26 n, 37 r, 59 a, h 
sea — ; 7 u, 3 1 a, 5, c, 49 a, 90 a 
corrosion, 59 o, 5 
fineness of sand, 8 g 
placing m, 4 c, 31 a, 5 

Pressure : 

permeahilil.i , 78 5, r, d, 79 g 

Per«‘olal ioii ; 

permeability, 8/, 47 6, 00 o 

Newagre ; 37 c 

Oil ; 53 a to /, 63 a to c, 68 a, b 

Abrasion ; 4 g 

Heat and Cold. 

Frees ill KT weather; 

mixing, 44 o; placing, 44 a 
finished work, 19 a, 44 a, 90 a 

Expansion I'-oefllclenl; 1 a, 10 a 

Thermal coiidneti %lty; 46 5, 

70 p, ^ 

Fire; 41 a-c, 46 o-c, 70 n-i 
San Francisco, 71 o-d 
aggregate, 41 c, d, e 
gravel and broken stone, 41 c 
cinders, 41 e 
dusintegration, 70 d-f 
strgth, 46 d, 70 d-f 
elastic properties, 70 c 
requirements, 46 e 
reinforced cone, 41 b, 46 c, e, 70 n 

COLUHNb. 

Columns ; 

clay in cone for — , 02 a 

striftb of — ; 35 o 
elastic modnlns; 35 a 
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C'oncrete, reinforced — ; 

shear, 81 b, h 
stresses in — , 81 g, h 
fire, 41 b, 46 e 
Reinforcement ; 
strgth, 81 h 
fire, 46 c 

aJheNion A friction ; 64 a, b, 

81 d, h, 88 a 

plain & deformed bars, 64 o, 
74 a 

high & medium steel, 88 a 
disturbance, 64 a, 76 d 
proportions, 64 b 
time, 26 d 
elastic limit, 88 a 


fatigue, 76 d 
exposure, 26 a, 37 a, b, c 
corrosion of—; 2 b, 26 o, b, e 
37 o, 6, c, 40 a, b, 44 c, 47 
64 a, 59 a, b 

condnctivity of — ; 70 i 
electrolysin ; 76 o, 91 o 
disturbance of—; 47 /, 64 a; 

76 d 

plain A defbrmed — ; 

adhesion, 64 a, 74 o 

hisrh A medium Hteel ; 

adhesion, 88 a 
percentage of — ; 81 g 
streniifth of — ; 81 h 
stirrups ; 81 k 
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Esperimeiit and Practice* 
filelected Requite. 

See Directory, pp laoa, etc. 

Order of arraiijireinent. 

The features entering into the manufacture arnl behavior of concrete ars 
BO numerous, and in the reports of experiments, etc, they are unavoidably 
so interlaced, that it has been found impracticable to group the several items 
in the body of the text in satisfactory older below. 

Most of our “selected results” are therefore here plac^l approx in the order 
of their dates of publication, and furnisht with a directory, pp 1303, etc, by 
means of which any particular subject may bo promptly found. The direc- 
tory is arranged rationally (i c, not alphabetically), and, as far as practic- 
able, in the order followed in the text (pp 1 222-1 2.'i0, 12r)2-1302), referring 
to cement, sand, mortar, aggregate and concrete, plain and reinforced. 
The items, covered by any one publisht statement, aie given a common 
number, and, under this common number, the several paragraphs are indi- 
cated by letters. These letters usually distinguish also betw the several 
features covered by the conuuon number. 

Thus, under Expt 8, we have a number of conclusions reached by R. 
Feret; under 8 a, conclusions respecting strength of mortar as affected by 
proportion of cement and fineness of saiid, under 8 c, conclusions respecting 
porosity and permeability as affected by fineness of sand and richness of 
mortar, etc, etc. 

In the directory, semicolons, in general, are used to distinguish between two 
different but related ideas. Thus. ••RtreiiKtli : fineness of sand” and 
**Nand, flnoiiC'HH of — ; strength,” refer to items giving information re- 
specting the effect of fineness of sand upon strength of mortar or cone. 

1. Bonni<*eaUi Annales des Fonts et Chauss6es, 1863, p 181. 

1 a. Expansion Coefficlont. 


Bar iron 0.0000123.5 per deg C; 0.00000686 per deg P 

Port cera cone 0.00001370 0.00000760 


2 . John f'. Trantwlne, Civil Engr’s Pocket Book, 1872. 

2 a. hand, density; moisture. compacfiiiK'. 

HpeclmonH. Ordinary pure sand from the seashore, both dry and moist 
(not wet), see table. Sand B was of much finer grain than A. C consisted 
of th| finest grains sifted from B. 

Treatment. The dry sands were compacted by thoro shaking and jar 
ring; the moist .sands by ramming in thin layers. 

Reaulta. 





Sand A 
(coarse) 



Sand B 
(finer) 

Sand C 
(finest) 



Dry 

Moist 


Dry 


Moist 

Dry 


Ib^ 

per 

cu 

ft 

Solid 

% 

\ Old 

or 

/o 

lbs 

per 

cu 

ft 

lbs 

per 

cu 

ft 

Solid 

% 

Void 

% 

lbs 

per 

cu 

ft 

lbs. Solid Void 
per %. % 

cu 
ft 

Loose 

. 97 

59 

41 

86 

88 

53.4 

46.6 

69 

82 50 50 

Compacted 112 

68 

32 

107.5 

101.6 61.6 

38.4 

103.5 

98.5 60 40 

Increase. . 

. 15 

9 

—9 

21.5 

13.6 

8.2 

—8.2 

34.5 

16.5 10 —10 

Per cent. . 

. 15.5 

15.2 

22 

25 

16.5 15.3 

17.6 

50 

20.1 20 20 


2 b. (Jorropdon. 10 years' trial. Dampness absolutely excluded after 
setting. Cementa nrotect iron, lead, zinc, copper, brass. Piaster 
of Paria protects all these except ungalvanizod iron. 
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For abbrevlationii, symbtilH and references. Bee p 1251. 


3. John Walt Nandeiiian. lust C E, Vol. iiv, 1878, p 260. 
3 a. Ag^g^reipates ; density. 


Results 

lbs per 

Percentage 

No. 


cub ft 

of voids 

1. 

Broken limestone, mostly 3 inch 

. 95 

50.9 

2. 

Screened gravel, from small pebbles to 2.5 inch 

lllJ'^ 

33.6 

3. 

Equal parts of Nos. 1 and 2, well mixed ., 

113H 

34.0 

4. 

Broken sandstone, 4 to 8 inch ... . 

74 

50.0 

5. 

“ “ from sand to 4 inch ... 

92 

34.0 

6 

Eiiual parts of Nos. 4 and 5, mixe<l 

. 91 U 

.36.0 


1. Eliot C. t'larke. A B C E Trans, Apr, '8.5, Vol 14, p 168. Expts 
for Hoston Main Drainage Works. 

Kesiilts. 

i a. tTay. The athlition of not exceeding one part of clay to 2 of cem, 
gave a “much more ileiise, plastic and water>ti)rhf paste, convenient 
foi plastering surfaces or stopping leaky joints." and, in general, had no 
maikt effect upon the streiijyth of Portland and natural cem. Moitars, 
miide with sand containing 10% of loam, were of normal stigth at 6 and 12 
iiios, tho of only about half normal strglh up to 1 mo, C’lav, in eem, is “an 
almost impalpable powder, with particles hue enough to hll the spaces be- 
tween the particles of eem." 

1 b. A year’s satin ation in fresh or suit water, and in eontact with 

oak. hard pine, white pine, spruce or ash. did not affect the 
mortars. 

4 C. I^alt, either in the water used for mixing, or in that in which the cem 
IS laid, retards setting; somewhat, but ha.s no important effect upon the 

sireiif^th. 

4 d. Consistency. Excess of water retards settin;^. Nat cems 
need more water than Port; line-;f round more than coarse; quick* 
settiii)^ more than slow. 

4 c. The flner the .sand, the less the strenfi'th. 

4 f. With sand, fine^irronnd cems arc strongest; coarse-grround 
are strongest neat, especially with Poj^tland.s. 

4 g. Port resisted abrasion beat when mixt with 2 parts sand; nat with 
1 part. Resistance diminished rapidly with slight variations from these 
proportions. 

4 h. In Notiini^, mortars expand > 1 part in KIOU. 

5 

5. Allen llaxen. Mass. State Board of Health, Report ’92, p 550. 


Sharp-grained sand. 

3 a. ITniformtty coeiHeientfu. c.)p947: <2 <3 6 to 8 

VoidK. per cent, approx, 45 40 30 

« 


6. E. Carey, Inst C E Procs, Vol 107, ’92. p 65. 

6 a. Niilfnrle acid ; wtrengrth. Neat cem, gaged with water con- 
taining 5 % ucul, had, at 7 days, only 27 % of the Ntreng;th of neat cem 
gaged with watci free from acid. ^ 

7. Dr. Wilhelm Michaelis. Inst C E Procs, Vol 107, ’92, pp 372, 376. 

7 a. DiHlntear>*»fi<*n porous cem in (tea water shown to be 
dne to the action of sulfuric and hydrochloric (muriatic) acids, contained in 
the magnesium sulfates and chlorides of sea water. These acids leave the 
weaker base, magnesium (which is deposited as a hydrate), and combine 
with the lime of the cem, expanding and disintegrating the cone. 
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S 

8. R. Fcret. Annales des Fonts et Chauss^es, 7e s6rie, Tome IV, '92. 

8 a. ReNiiltH. Klreii^th of mortar incre.aseB with proportion of cem, 
and, in general (especially at the beginning of hardening) with size of sand. 

8 b. Mortars vary widely as to poroNlty. Compare 9 d, 9 e. 

8 <*. PoroHity increases 8 d. Permeability increases 
with fineness of sand, with coarsenes.s of sand, 

with richness of mortar with richness of mortar. 

8 e. Mortars mode with a mixture of coarse and JHiie sands are less 
porous and less permeable than others. 

8 f. The permeability of mortars subjected to continuous percola- 
tion of fresh or sea water, diminishes rapidly; but, in certain cases, 
the mortar disintegrates or cracks. 

8 K* To avoid disintegration in sea water, use coarse sand and plenty 
of cem. Mix wet. 

8h. Density of sand; molstnre and tamping;. Fig. 1. 



Figrl. Moisture and Tamping. 

M. 'Veret used (1) a very fine dune sand and (2) a coarser sea sand. Wm. 
B. Fuller, E N, ’02, Jul 31, p 81, used a bank sand, (1) loose and (2) tamped. 

From these results, it appears that the addition of water affects the vol 
of the sand* in two opposite ways; (1) by insinuating itself betw the sand 
particles, thus increasing the vol for a given wt; (2) by decreasing the fric- 
tion between the grains, allowing them more readily to take up the positions 
of closest contact, and thus diminishing the vol. When only small vols of 
water have been added, the first of these effects seems to pi-evail, the bulk 
increasing until the vol of water reaches from 2 to 6 % of the vol of dry sand.* 
With more water, the lubricating effect prevails, the vol diminishing. 



JPereentagt of solid in given volume of sand, 
Figp 3. Compacting. 

8 i. 8hape of g;rain and tampingr. Fig. 2. 


90 ^ 


90 100 


* See foot-note ♦, p 1238. 
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Specimens. Four materials, as follows; 
a. Granitic sand, rounded grains; e. Broken shells, flat grains; 

h. Ground quartzite, angular grains: d. Residue from b, lameilar grains. 
Each of the four materials screened to the same granulometric composi> 
tion, viz: c, 0.5; m, 0.3; /, 0.2.t (See p 1238.) 

Results. See Fig. 2. 

SJ. Efi'ect of size of g'rain. Fig. 3. 



Fig 3. Size and Density. A ^ Alexandre ; € == Candlot. 


Theoretically, the density, in a sand* or gravel,* composed of grains of 
untfarm size, should be independent of the absolute size (f 30, p 1211); but 
experimenters have obtaineil contradictory results, showing unimportant 
variations of density with size. Thus (T & T, p 170), if sand (except very 
tine sizes, such as pass a sieve with 74 meshes per linear inch) and broken 
stone, with irregular pavticles of approx uniform shape, be separated into 
portions containing particles of umform size, these several portions will 
show approx equal percentages of voids. This agrees witli R. Feret s ex- 
periments (T & 'J', pp 171 and 142), Fig 3, according to winch each of the 3 
sizes (coarse, meilium and finef) contained 50 % voids. M. Feret’s resulte 
aie represented by the hor line in I'lg 3. On the other hand (cig 3) M. 
tJandlot (Feret, Ann des Fonts et Chau8s6e8, 1892, 2» sera) fimnd the voids 
increasing continuously, and M. Alexandre (ibid) found them first increasing 
ittitl afterward decrea.sing as the size grew smaller. 

8 k. Effect of sizes of irralns. and shaking; or tamping;. 
iiOOse sand* shows densities ranging from 0.525 to 0.610, the max density 
occurring when 60 % of coarse sandt is mixed with 40 % of line sand, with- 
out medium sand. In »aiid shaken to refusal, the densities range 
from 0.600 to 0.793, the max demsity occurring with a mixture of 55 % coarse 
with 45 % fine; no medium. 


* See foot-note *, pl238. 
t Classification of sizes. 

Passed Retained on 

c. Coarse 20 60 meshes per lineal decimeter, 

m. Medium 60 180 " '* ‘‘ " 

/. Fine 180 
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81. DchhUIch of loone unecreeued sandM and fpravelM; 
ahapes and aizea of ipraina; inolaliire. 



pYbidisI Mechanical Analysis 
con- ! propel 

Dry 
sand 
Kg iier 
cu M, 

Moist sand 

Mois- 1 Kg 


tamed, ~ ■ 

% . Coarse i Med. 

I'^me 

ture 

% 

per 
cu M 

Granitic 

rounded grains . . 

1.0 ! 0.1.36 ! 0.723 

0.141 

1,586 

0.8 

1,495 

Schistose 

25.4 1 0.359 1 0.293 

0.34S 

1,753 

1.2 

1,656 


6.6 1 0.259 0.412 

o.;;29 

] ,600 

1.8 

! 1,332 


» 


9. liiii^i JLuif^ri and Valentino t'ardl, "Esperiinenti sulle Culci, 
etc;" Gemo Civile, Rome, ’93. 

Poroaity, perinoabllity, etc. Safe loada. Twelve years' expts 
in connection with harbor works at Genoa, Italy. 


Reaulta. 

9 a. In mortar, voids are due partly to air adhering to particles of 
sand and agg, partly to evaporation of the water used in mixing. 

9 l>. In mortar, voliinic of voids may vary from 12 to 40 % of vol of 
mortar. 


9 c. Miniiiiiiin voids (5 %) in cone formctl with 700 lbs I’oi t cern, 
i cu yd mixt sand, 1 cu yds small gravel. 


9d« Porosity increases 

with fineness of sand; 

" richness of mortar; 
greatest with neat cem. 
Compare 8 c, 8 d. 


9e. Permeabllily increases 

with coarseness oi sand; 

" poorness of mortar; 
least with neat cem. 


9 f. Concrete of 1150 lbs Port cem, 1 cu yd mixt sand, 1 cu yds small 
gravel, carefully mixt with just enough water (about cu yd) to work it 
up, was impermeable under 40 ft head (17.3 Ibs/G"). 

9 g. Concrete of 700 lbs Port cem, 1 cu yd mixt sand, 1 cu yds small 
gravd, made into a hollow cyl with shell thick, was lmpermeal»le 
under 13 ft head (5.64 Ibs/n") and barely permeable under 27 ft (11.7 
Ibs/O"). Similar cyls, of same mixture, wiiliout the i^ravel, leaked 
somewhat under 13 ft and ea.sily under 27 ft. 


9 h. bafe load in compression. In the floors of the graving 
docks, 1:2:3 cone of Port cem, sand and small gravel, safely carries 107 
.ibs/D' ; safety factor, 15. 


10 

10. Dr. Keller, Thonindustriezeitung '94, No. 24. 

10 a. Expansion CoefBcient. Temps from — 16" to + 72" C - 
+ 3" to + 162® F. Gravel (20 mm) and sand, in equal parts. 

Mixture of sand and gravel, parts 

Proportions (1 part cem) to 0 2 4 8 

Coefficient, per degree C... 0.000 01 2 6 0.000010 1 0.000010 4 0.0000095 
" F... 0.000007 0 0.000005 6 0.000005 8 0.0000063 

11 

11. Geo. W. BAfter. 2d Report on Genesee R Storage Project, '94. 
See E R, '06, Jan 27, p 109. 

11a. Concrete with hard sandstone, gave strengrtb 50 % greater 
where shale was substituted. 
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— 12 — 

12. Lelbbrand. ER. ’94, Nov 3. 

12 a. Comp strenj^tli; aj^e. Bridge over Danube at Miiiider* 
kiiiffcn. Cone 1 ; 2.5 ; 5, wet. Cubes 20 cm (8"). 

Very thoroly mixt in an iron cylinder revolving on a hor axis and con- 
taining 40 steel balls weighing together 6G0 lbs. Mixt 2 mins dry, 3 mins wet. 

Age in days 7 28 150 970 3285 (= 9 years} 

Comp strgth, kg/sq cm . . 202 254 332 520 570 

Ibs/sq in 2870 3610 4720 7400 8100 

12 b. Max existlnff pressures, m bridge, 500 to 560 Ibs/D* 

13 

13. J. Watt Sandenian, Inst C E Frocs, Vol 121, ’95, p 220. 

13 a. Watertlg^ht concrete walls (pres not stated) made with 

1 part cem leaving 10 % on No. 120 sieve, 

2 parts sand with 27 % voids, 

4.6 " large and small gravel with > 35 % voids.. 

13 b. Where agg has 35 % voids, vol of mortar should be 50 % of 
vol of agg. 


14 

14. A. W. Dow, U. S. Inspector of Asphalt and Cem. Report of Engr 
Comrasr, Dist of Columbia, '97, p 165. 

14 a. C/Ompresslve strength. 

l^peclmens. 12-inch cone cubes, dry; rammed in oast iron molds; 
(horoly wet twice daily. 

The results for one year are means of five cubes; the rest are means of two 
cubes. Deduct from 3 to 8 per cent, for fnction of pie-vs. 

The materials weie as follows: 

Cement. Portland Natural 

I'ei cent, retained on sieve of 100 meshes per linear inch, 8.5 14 

Time ior initial set, minutes 190 20 

“ “ hatd “ " 305 36 

Tensile strength as follows, lbs. per square inch: 

1 Day. 7 Days. 1 Mo. 3 Mos. 6 Mos. 1 Year. 

Portland, neat, 441 839 

“ 3 parts stan- 
dard broken quartz, 248 

Natural, neat 96 180 

“ 2 parts stan- 
dard broken quartz, 91 

Sand used in concrete. 

No residue on a No. 3 sieve; 0,5 per cent, passed No. 100. Voids 44 per 
cent., with 4 4 per cent, water. 

Broken Stone. Gneiss. Of Nos. 6 and 12 (table below) 3 per cent, 
retained on 2.5 inch mesh; all on li inch. Others, 0 retained on 2.5 inch; 
nearly all on 0.1 inch. For voids, see table, below. 

Gravel. Clean quartz, passing a If-inch mesh, 2 per cent, passing a No. 
10 mesh. Voids, 29 per cent. e » ^ r ^ 

Water. With Portland cement, 0.09 cu. ft. ( 6.7 lbs ) per cu. ft. of 

rammed concrete; with natural cement, 0.12 cu. ft. ( ^ 7.5 Ibs.^ 

For Resmltci, see p 1314. 


429 

398 

428 

474 

188 

327 

414 

485 
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Crushing Strength of 12 In. Concrete Cubes, in lbs. per sq. In. 

Experiments by A. W. Dow, as above: 

Parts by volame; cement, 1; sand, 2; aggregate, 6. 


No. 

Aggregate 

Voids in Aggregate. 

Crushing Strength, 
lbs. per sq. in., after 

Broken Stone, 
Parts. 

Gravel, Parts. 

1 

Per 
Cent, 
of Vol. 

Mortar. 

in 

percentage 
of Voids. 

10 

Days. 

45 , 
Days. 

3 

Mos. 

6 

Mos. 

1 

Year. 

- 7 

6 


45.3 

83.9 

908 

1790 

2260 

2510 

3060 

a 8 

3 

3 

35.5 

107.0 

950 

1850 


2070 

2750 

2 9 

4 

2 

37.8 

100.6 





2840 

C 10 

6 


39 5 

96.2 





2700 



6 

29.3 

129.1 

694 

1630 

2680 

1840 

2820 

^ 12 

6 


45.7 

83 9 



1630 

1530 

1850 

1 

6 

1 

45.3 

83.9 

228 

.539 

375 

795 

915 

tf 2 

3 

3 

35.5 

107.0 

108 1 

364 

593 

632 

841 

a 3 

4 

2 

37 8 

100.6 





915 

S 4 

6 


39 5 

96.2 





800 

? 5 


6 

29 3 

129.1 

' 87 

421 

361 

344 

763 

^ 6 

6 


45.7 

i 83 9 

1 



590 


829 


15 

18. TenlH of Metals, '98, p 572. 

18 a. Cinder Cone with Port cem; nit comp strength. 
Npecimenii; 12-iiich cubes; water 10 to 12 H lbs per cu ft of cone 
ResnltA ; 

Proportions by volume: 

Cement Sand Cinders Age, days No. of tests Lbs /sq inch 



1 

3 

30-38 

18 

1541 


1 

3 

00 

18 

2053 


2 

3 

39 

3 

1098 


2 

3 

102 

3 

1634 


2 

4 

.38 

3 

904 


2 

4 

98 

3 

1325 


2 

5 

30-38 

15 

724 


2 

5 

90-99 

15 

1094 


3 

6 

29 

3 

529 


3 

6 

91 

16 

3 

788 


16. Consldere, G6nie Civil, '09. 

16 a. Ductility. 

Speeimena and reanlta; 


Cone cantilevers, 1:3, 6 cm sq, 60 cm long, tension side reinfd by 3 
round iron bars AH mm diam 

Treatment. Loading such that bendg mom was the same for all 
cross secs. In one of the prisms, load increased until unit stretch 0.002. 
Then loads, =* 44 to 71 % of tlus original load, were applied 139,000 times; 
stress returning to 0 each time. 

Resnlta. Unit atretches, 0.000545 to 0.00125; strgth but little 
reduced. Similar tests of unreinfd specimens gave unit stretch, at rupture, 

only 0.0001 to 0.0002; thereinforeementapparently enabGngthecono to 

endure far greater deformation than when not reinfd. But see Expts 36, 38. 
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17 

17. €. E. Fowler, A S C E, Trans, '99, Vol 42, p 117. 

17 a. Results. Proportions, assuming that 
1 bbl Portland cem = 3.8 cu ft. 

34 cu yds concrete =■ abt 27 cu yds after ramming. 

Those cones, for which the vols of stone appear in bold-face type (as 1 . 00 ), 
have their voids filled or more than fille<l; while, in those printed in plain 
type (as 1.04), the voids are not filled and the cone is porous and deficient 
in strgth. 



Cement, 

Quantities in 

Sand, 

1 cu. yard of concrete: 

Stone with Stone with 
40 % voids, 60 % voids, 

Proportions 

Barrels 

cu yds 

cu yds 

cu yds 

1:2:3 

1.77 

0.51 

0.87 

1.05 

1:2:4 

1.59 

0.47 

0.95 

1.15 

1:2:5 

1.39 

0.42 

1.04 

1.26 

1:3:4 

1.30 

0.57 

0.83 

1.00 

1:3:5 

1.16 

0.52 

0.92 

1.11 

1:3:6 

1.04 

0.48 

1.00 

1.20 

1:4:6 

1.00 

0.55 

0.91 

1.09 

1:4:7 

0.92 

0.51 

0.97 

1.17 

1:4:8 

0.83 

0.47 

1.03 

1.25 


The foregoing figures agreed well with the results of practice. The column 
for stone with 40 % voids closely represents broken limestone, which breaks 
into piece's of various sizes; while the column with 50 % voids represents 
trap rock, which breaks into pieces of more nearly uniform size. 





1M. of Hctalis, '09. 

ISa. fcoinpresHive WIrciiiplh of 12" cubes of dry Portland ce- 
nioiii concrete, for Geo. A. Kimball, Chief Engr Boston El Ry Co. 
Npccimenii; , . « 

Nand. Coarse, clean, sharp. Voids, measd loose and moist, 33 %; 
measd after settling by saturation with water, 25 %. 

Ntone. Conglomerate from Roxbiiry, Ma.ss. Voids, measd loose, 49.5 %, 
4.8 % passed 2 ring, caught on 2" ring ; 

'6.7 % “ 2" “ , “ 1" “ : 


.. % 
8 % 
0.5% 


76.: 

18 


1 " 


Treatment. Mlxt by hand. Wat-er barely showctl after ramming. 
Cubes, except those tested at 7 day^s, buried in wet ground until within 
one wk of testing. In general, 5 cubes of each mix of each brand were 
tested at each of the ages. 

RcNultN. Ultimate compressive strengths, Ibs/D . Each max or min 
is the mean of five or more tests, upon cubes made from one of the four 
brands of cern, and thus refers to the cem giving max or min strgth under 
the stated conditions. The avs are those of such results for ttie 4 brands. 


Age 1:2:4, 

max av min 
7 ds 2219 1525 904 

1 mo 2642 2440 2269 
3 mos 3123 2944 2608 
6mos 4411 3904 .3612 

F4»r formulas, deduced 
1 35, p 1274. 


1:3:6 

max av min 
1550 1232 892 

2174 20f)3 1816 
2538 2432 2349 
3170 2969 2750 
from these results by 

1 » 


1 : 6:12 
max av min 
759 583 417 

1218 1042 873 
1257 1066 844 
1583 1313 815 
E. Thacher, see 


19. W. A. RoffcrN, Chic, Mil and St P Ry, Westn Soc Engrs, Jour, 1899< 
Jun. Vol 4, No. 3, p 262, R R Gaz, '00, June 15, p 402, July 27, p 1274. 

19 a. Effect of cold, and of mixing with aalt water. Kpecimcnfi; 
comp Htrenffth of 12-incb cubes of Port and nat cem cone. 8 cubes 
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Atlas Port, 1 cem, 3 gravel (2 sand, I pebbles), 4 hard crusher run lime, 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

ReHultti. 





Portland 

N atural 




Temp, F Ibs/sq in. 

'Femp, 1' 

Ibs/sq in 

1 cube in warm office 28 days 

80'’ to 18° >1290t 

85° to 40° 

300 

1 

“ “ " “ 

28 “ 

“ >1290t 

“ 

defective 

1 

“ outdoors* 

28 “ 

57° to -24°, 902i 

.57° to -10° 

200 

1 

1 . 

28 " 

' 690t 

“ 

250 

1 

11 14 

28 “ 





in office 

28 “ 

85° to .32° >1290t 

|85°to 40° 

370 

1 

“ outdoors* 

28 “ 

.57° to -24° 

|57° to -10° 



in office 

28 “ 

85° to 32° >1290t 

185° to 40° 

352 

1 

" outdoors * ** 

28 “ 

.57° to -24° >1290t 

i.57° to -10° 

237 

1 

11 14 

28 “ 

“ >1299t 

! “ 

247 


19 b. Character of aipitfreirate ; comp «itreii|gth. 
SpecimenN. 12^ cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1 /3 pebbles from sand to 1 Each result the average 
of 3 cubes. Age 28 days. 


Reanlta. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone 

1270 

1:3: 4.5 

soft screened “ 


1 : 3 : 4.5 

washed gravel Vg to 2 in. 

1050 

1:4:7 

soft screened limestone 


1 . 1 . 3.5 f 

wa.shed gravel ^ to 2 in } 

642 


19 c. Dirt in Mand and njgKreKale: comp atrenuTth. 
Specimens. “Dirty” sand aha gravel contained apparently abt 10% 
dirt “which had the appearance of containing a large amount of iron,” 


ResnltN. With sand, tensile, 
90 days, Ibs/Q* 



1:1 

1:2 

1:3 

Clean 

. . 457 

492 

349 

Dirty 

Dirtier 

.. 627 

541 

430 

... 515 

514 

396 


With gravel, comp, 12" cubes, 
28 days, Ibs/n" 

1:2.5 1 : 2.5 • 5 

1097 838 

988 928 

1020 


2 © 


20. Edwin Thaoher, E N, '99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile streiijfth, 
by a delay of from 1 to 4 hrs betw mixiiiif and layliifi^.'' Ransoms 


21 


21. Oco. W. Rafter, A S C E, Trans, Deo '99, Vol 42, p 104. 

21 a. Yolume; consistency, richness and proportion of mortar. 
hpecimenK; 544 12" cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 Ibs/cu ft; agg, broken 
stone. Cubes abt 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 


♦ During the first part of the 28 days, temp fell to —10'^ and —20 1' i 
afterward, thawing during day, freezing at night, 
t Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 
I Cold beUeved to have retarded setting. 

Mixed with salt wat^r, 1 pint salt to 10 qts water. 
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S — vol of sand in mortar to 1 vol cem; 

M «= " “ mortar “ cone " 1 “ " 

A =* ‘ ‘ “ Bgg “ “ " 1 " “ 

C — " (5onc made with 1 " “ 

Aesiilta. 


Volume 


Mortar S3 % agg Mortar^^ 40 agg 



S 

Propniti(m.s 

M .1 

1 I 

(' 

Shrkg 

t 

S 

Prn 

.If 

iportion.s 

i A 

C 

Shrkg 

t 

1). 

1 

1 r>7 

4.74 

, 4.30 

9.3 

1 ' 

1.04 

4.10 

3.82 

0.8 


1 ; 

i 1.S3 , 

5.51 

1 5.01 

9.1 

1 1 

1.00 

4.14 

3.82 

7.7 


1 

1.70 

5.11 

1 4.04 

9.2 

1 ■ 

1 70 

4.24 

3:97 

6.4 

I ». 

2 

2.42 ' 

7.29 

j 0.74 

7.4 

2 1 

2.44 

0.12 

6.89 

3.8 

p 

2 

, 2.16 

7.28 

1 0.02 

9.1 ; 

2 ' 

2.50 

0.28 

6.83 

7.2 


2 

1 2.35 

1 7.02 

0.30 

9.4 1 

2 ' 

2.00 

0.47 

6.97 

7.7 

1). 

i 

1 .3.15 

1 9.49 

8.7S 

7.5 i 

3 ' 

3.21 

8.03 

7.30 

8.4 

1\ 

3 i 

1 3.30 

9.92 

8.89 

10.4 ; 

3 

3.31 

8.23 

7.02 

7.4 


3 i 

i 3.25 i 

! 9.72 

8.83 

9 2 1 

3 

3.43 

8 57 

7.90 

7.8 

1) 

4 ! 

4.18 

' 12.09 

: 11.75 

74 i 

4 , 

4 24 

10.7i 

9.84 

8.1 

1' 

4 

4.28 I 

12.94 

1 1.00 

9.0 1 

4 1 

4 35 

10.90 

10.09 

7.9 


4 

4.37 1 

13.14 

11.78 

10.4 , 

4 1 

4.33 

10.84 

9.04 

U.l 

l>'. 

5 

5.04 i 

15.05 

14.29 

5.1 ' 

5 ' 

4.42 

11.25 ' 



1>. 

5 

5.(K) 1 

16.00 

13.06 

9.1 i 

5 

5.0P 1 

12.50 

11 ',66 

7.5 

F. 

5 

5.08 1 

15.20 

1 

10.5 ) 

r> ' 

5.24 1 

12.90 ‘ 




31b. lleiiNity of concrete: thoro ramming;, 

Vol of 1 ; 1 mortar, Vol of rammed cone, approx, 

0.33 X vol of agg, 0.91 \ vt)l of agg, 

0.40 X 0.93 X 

21 c. BeiiNlty of at[rii:i*<^Kate : compnctiniir. Portage stone, 
broken to pa.s.s a 2" ring, and having 43.3 voids when slightly shaken in 
the measure, had only 37.4 % v'oids, as a mean of 5 trials, after being packed 
in the mea.sare with a tamping iron, used about as forcibly as in ordinary 
ramming of cone, 

^2 

22. TcHts of Mctalg, ’00, pp 1109, &o. For Contractors Plant Ca 

22 a. NpeclincnH; Port cein, .sand, crushed stone, 1:3:6, Stone 
paased thru a 2)4'' nng; pieces i>as.sing a H" ring screened out. 

A, hand'inixt; B and € mixt in a portable gravity 
mixer 8 ft long, consisting of a steel trough containing numerous rows of 
steel piiw, staggered. Water from a spray pipe strikes the mi.\er about 
midway its length. Hence cone is mixt dry in the upper half, and wet in 
the lower. 

Stone spread evenly on a platform in front of mixer 
Sand “ " " top of stone 

Cem " " *' “ /' sand. 

Material then shoveled into mixer. 

B. Allowed to form a cone-shaped pile, stones accumulating around 

Material, as discharged, levelleil off with hoe. . , „ 

12’’ cubes; beams from 4" X 6" to 6" X 6" 30" span. All, 2 days in air, 2 
mo8 in water, 1 mo in air. 


♦ Consistency : D = dry ; P ■= plastic ; E » excess 
..... 100 (A-C). 

t Shrinkage 



1316 


COHCROTE. 


For Directory to Experiments, see pp 1303-7. 


Atlas Port, 1 cem, 3 gravel (2 sand, I pebbles), 4 hard crusher run lime, 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

ReHultti. 





Portland 

N atural 




Temp, F Ibs/sq in. 

'Femp, 1' 

Ibs/sq in 

1 cube in warm office 28 days 

80'’ to 18° >1290t 

85° to 40° 

300 

1 

“ “ " “ 

28 “ 

“ >1290t 

“ 

defective 

1 

“ outdoors* 

28 “ 

57° to -24°, 902i 

.57° to -10° 

200 

1 

1 . 

28 " 

' 690t 

“ 

250 

1 

11 14 

28 “ 





in office 

28 “ 

85° to .32° >1290t 

|85°to 40° 

370 

1 

“ outdoors* 

28 “ 

.57° to -24° 

|57° to -10° 



in office 

28 “ 

85° to 32° >1290t 

185° to 40° 

352 

1 

" outdoors * ** 

28 “ 

.57° to -24° >1290t 

i.57° to -10° 

237 

1 

11 14 

28 “ 

“ >1299t 

! “ 

247 


19 b. Character of aipitfreirate ; comp «itreii|gth. 
SpecimenN. 12^ cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1 /3 pebbles from sand to 1 Each result the average 
of 3 cubes. Age 28 days. 


Reanlta. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone 

1270 

1:3: 4.5 

soft screened “ 


1 : 3 : 4.5 

washed gravel Vg to 2 in. 

1050 

1:4:7 

soft screened limestone 


1 . 1 . 3.5 f 

wa.shed gravel ^ to 2 in } 

642 


19 c. Dirt in Mand and njgKreKale: comp atrenuTth. 
Specimens. “Dirty” sand aha gravel contained apparently abt 10% 
dirt “which had the appearance of containing a large amount of iron,” 


ResnltN. With sand, tensile, 
90 days, Ibs/Q* 



1:1 

1:2 

1:3 

Clean 

. . 457 

492 

349 

Dirty 

Dirtier 

.. 627 

541 

430 

... 515 

514 

396 


With gravel, comp, 12" cubes, 
28 days, Ibs/n" 

1:2.5 1 : 2.5 • 5 

1097 838 

988 928 

1020 


2 © 


20. Edwin Thaoher, E N, '99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile streiijfth, 
by a delay of from 1 to 4 hrs betw mixiiiif and layliifi^.'' Ransoms 


21 


21. Oco. W. Rafter, A S C E, Trans, Deo '99, Vol 42, p 104. 

21 a. Yolume; consistency, richness and proportion of mortar. 
hpecimenK; 544 12" cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 Ibs/cu ft; agg, broken 
stone. Cubes abt 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 


♦ During the first part of the 28 days, temp fell to —10'^ and —20 1' i 
afterward, thawing during day, freezing at night, 
t Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 
I Cold beUeved to have retarded setting. 

Mixed with salt wat^r, 1 pint salt to 10 qts water. 
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27 

27. G. Y. Skeels, Asst City Engr, Sioux City, Iowa. E N, '02, Nov 6, 
p 382. 

27 a. Avs of 2 and 4 briquets, 1 day in air, 14 ds in water. Port cem. 

Under eonUnuous inixinjir fur 8 or 10 hrs, neat cem mortar lost about 

% of Its tensile strenj^th ; 1 : 2 lost about 

28 

28. Thos. S. Clark, Resident Kngr in Chg of Construction of Man- 
hattan R R Power Station, New York. E N, ’02, Jul 24, p 68. 

28 a. Reteinperiniif ; streniplb. Neat nat cem mortar mixed 
initially with 28 % water; sand nat cem mortar with 14 %. Retempered 
an hour after mixing, “enough water being added, as in practice, to bring 
the mass back to its original consistency.” One day specimens 3 hours 
in air, the others 24 hours. Relempered specimens showed, in general, 
about half the normal strgth. 

Similar results were obtained when the cem was moistened every 16 
mms during the hour. In such cases, in practice, the strgth is sometimes 
increased by adding a little fresh cem. 

Port cem mortars, retempered after standing an hour, failed to show 
marked deterioration, probably because Port cem sets more slowly than 
nat cein. 

. 2 » 

29. W. Purves Taylor, A S T M. Vol 3, p 376, '03. 

20 a. Aae ; MOundncHN. Aj^eini^ of finely ground cem permits hydra- 
tion of the free lime, nearly always present, rendering it inert and preventing 
expansive action. Specimens, made with cem one wk old, were unsound; 
but, us the age of the cem increased, the soundness of the specimens improved 
until, when the cem was 5 wks old, the siiecimens were sound. 

29 b. FlnonciSN : MouiidneMH. The larger particles of coarsely ground 
cem are not readily hydrated. A cem, of which 33 % remained on a No 200 
sieve and 13 % on No 100, checked and cracked in the boiling test; but 
became sound when reground until all passed the No 100 sieve and allowed 
to season for 2 weeks. 

30 — 

30. French dovernmCnt Cloinmittsion, Beton und Eisen, ’03, 
Vol 5. 

30 a. DncUlity. Cone 1:2:4. Results similar to Considfere’s 
(see Expt 16 a). Ductility greater when hardened in water than when 
harden^ in air. 

31 

31. Chas. List, Assn Eng Socs, Jour, Mar, '03, Vol 30, No. 3, p 128. 

31 a. Effect of sea water at Gautemala, Central America 

Hollow piles, in sea water, filled with cone in which sea water had been 
used for mixing. Some of the mortar leaked out, and formed, with the 
surrounding sand, masses of cone which adhered to the piles. When piles 
were removed, cone was found perfectly hard and adhering tenaciously to 
the piles. . ^ , 

31 b. Railway bridge foundation, built 1895. Lean cone mixt with 
and standing in brackish water. Of excellent iiuality in ’03. 

31 c. Reg;rlndiiif 3 ;. Cem brought from Hamburg, Germany, in bbls. 
Vessel sprang a leak; cem considerwl a loss, and value refunded. Cem 
stored undei the floor of a warehouse with open sides and exposed to mois- 
ture of ground and to spray from sea. Cem caked hard enough to be used 
as foundations for wooden posts in buildini^. This caked cem was broken 
as fine as possible, and mixt with sharp beach sand and brackish water. 
Cone perfectly hard in 3 days ami used in bridge foundations in brackish 
water. 

32 

32. «eo. W. Lee, Jr., E N. '03, Mar 19, p 246. 

32 a. New York Central R R. Forms (2" tongued and grooved pine) 
coated with molt soap ; openings in joints filled with hard soap. Cone 
deposited and drawn back from mold with a square-pointed shovel, and 1 : 2 
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Atlas Port, 1 cem, 3 gravel (2 sand, I pebbles), 4 hard crusher run lime, 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

ReHultti. 





Portland 

N atural 




Temp, F Ibs/sq in. 

'Femp, 1' 

Ibs/sq in 

1 cube in warm office 28 days 

80'’ to 18° >1290t 

85° to 40° 

300 

1 

“ “ " “ 

28 “ 

“ >1290t 

“ 

defective 

1 

“ outdoors* 

28 “ 

57° to -24°, 902i 

.57° to -10° 

200 

1 

1 . 

28 " 

' 690t 

“ 

250 

1 

11 14 

28 “ 





in office 

28 “ 

85° to .32° >1290t 

|85°to 40° 

370 

1 

“ outdoors* 

28 “ 

.57° to -24° 

|57° to -10° 



in office 

28 “ 

85° to 32° >1290t 

185° to 40° 

352 

1 

" outdoors * ** 

28 “ 

.57° to -24° >1290t 

i.57° to -10° 

237 

1 

11 14 

28 “ 

“ >1299t 

! “ 

247 


19 b. Character of aipitfreirate ; comp «itreii|gth. 
SpecimenN. 12^ cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1 /3 pebbles from sand to 1 Each result the average 
of 3 cubes. Age 28 days. 


Reanlta. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone 

1270 

1:3: 4.5 

soft screened “ 


1 : 3 : 4.5 

washed gravel Vg to 2 in. 

1050 

1:4:7 

soft screened limestone 


1 . 1 . 3.5 f 

wa.shed gravel ^ to 2 in } 

642 


19 c. Dirt in Mand and njgKreKale: comp atrenuTth. 
Specimens. “Dirty” sand aha gravel contained apparently abt 10% 
dirt “which had the appearance of containing a large amount of iron,” 


ResnltN. With sand, tensile, 
90 days, Ibs/Q* 



1:1 

1:2 

1:3 

Clean 

. . 457 

492 

349 

Dirty 

Dirtier 

.. 627 

541 

430 

... 515 

514 

396 


With gravel, comp, 12" cubes, 
28 days, Ibs/n" 

1:2.5 1 : 2.5 • 5 

1097 838 

988 928 

1020 


2 © 


20. Edwin Thaoher, E N, '99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile streiijfth, 
by a delay of from 1 to 4 hrs betw mixiiiif and layliifi^.'' Ransoms 


21 


21. Oco. W. Rafter, A S C E, Trans, Deo '99, Vol 42, p 104. 

21 a. Yolume; consistency, richness and proportion of mortar. 
hpecimenK; 544 12" cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 Ibs/cu ft; agg, broken 
stone. Cubes abt 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 


♦ During the first part of the 28 days, temp fell to —10'^ and —20 1' i 
afterward, thawing during day, freezing at night, 
t Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 
I Cold beUeved to have retarded setting. 

Mixed with salt wat^r, 1 pint salt to 10 qts water. 
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cracks, corres])ondiiig to the lowest unit stretches, were invisible on dry 
cone, but were detected, in moist cone, by the appearance of narrow wet 
streaks about W wide. A little later, they showed as dark, hair-like cracks. 

37 

37. Prof Bauschintfcr. “Beton und Eisen,” ’04, Vol IV, p 193. 

37 a. Corrosion : adhesion. 

Fragments of lemfd cone plates, broken, in testing, ’87; exposed 
outdoors until examined in ’92. Adhesion; cone broken off by hammer 
blows, breaking only in immediate vicinity of blows. Forrosiou; steel 
rust-free, even close to the exposed surfs of fracture. 

37 b. Tank, injured by roug;h treutiiioiit ; cracked; reinfmt laid 
bare in places. Bust only where so exposed. Adhesion as in ,37 (a). 

37 <*. Fragments of Monier plates 6 to 8 cm thick. Exposed, at inter- 
vals for about 4 yrs, to s<*wa|fe-pollui<‘d water. Cone remained hard; 
leinfmt rust-free 1 cm from e.xposed surface ; adhesion excellent. 

3H 

3H. A. Kleiiilog;<‘l. Beton und Eisen, ’04, Vol 2. 

3H a. liuetility. Beiiifd cone beams 15 X 30 cm, 220 cm long. 
1:1.2, cem, sand, limestone screenings. Kept under moist sand 6 mos. 
Bendg mom constant thruout measil portion, linit stretches in cone; 
reinfil, 0.000148 to 0.000190; plain, 0.000143. 


39 

39. Clarenee flolemaii ; Report, Chf of Engra, USA, ’04. Part TV. 
Universal Port cem made from blast furnace slag. 

Av tensile strgth, Ibs/Q" 
Sand-^ Mix Watery 7 28 6 1 3 


39 a. 

(lem in goinl condition jQ 

Cem exposed in sacks to daiii|»- 

iiexN iQ 

Caked hard. Not set. lleground Q 
39 b. I 

Cem as received on works Q 

Cem after 4 to 10 mbs in sacks in! 

warehouNc iQ 

39 c. 

Cone haiid-mlxt on platfonufS 
Cone mixt in cubical batcli-| ^ 

inixerti 

39 d, I 

As in laborat'y. 24 hours in| 
damp closet, tiien iminersed| 

until broken % |S 

Am on work. 10 days under! 
damp cloth, then in air until! ^ 

broken^ 

39 e. 

8.25 % water ** |S 

9.25 % water *’•' 

39 f. : 

Pebbles Me to 14 inch S 

Pebbles to '% inch |S 

39 ar. , 

Clean sand Stt 

Sand with small % cla.v IStti 


da fla mo yr yr 


IS 

12.5 176 

1 

298 

424 

. . 

1 3 

12.5 !i73 

260 

411 


1.3 

12..") 199 

274 

424 


1.3 

12.5 1.00t|1.00t 


■ 

1:3 

12.5 jl.l7tl.09t 



...10 

Random 134 

211 

324 

343 

1:10 

Random 253 

274 

38.5 

391 

!l:10 

Random 262 

306 

420 

462 

1:10 

Random 222 

388 

415 

643 

1.3 

8.25 '254 

289 

380 

399 

1:3 

9.25 1 244 

317 

398 

437 

1:10 

Random' 164 

275 

446 

445 

1:10 

Random! 184 

314 

4.58 

464 

1:3 

8.25 1183 

2.59 

361 

340 

1:3 

8.25 1183 

272 

392 

359 


1 394 
834 


(i “ Standard crystal quartz. 

S == Superior Entry sand; passing sieve No. 4 10 20 30 60 

% 100 72.3 46.1 26.5 5.1 
t Relative strgths. t Briquets made of cone taken from the works, 

g A batch of very perfectly mixt cone in 80 secs. 

Cone taken from mixing platform Stones larger than W* removed. 
In order to approx working conditions, the mortar was allowed to stand 
30 mins longer than under ordinary treatment. 
ttPassing No 10 sieve. U Water in percentage of dry agg 

CO 
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40 

40. Prof Chas. L. Norton, E N, ’02, Oct 23, ’04, Jan 14. 
Corrosion. Several hundred briquets of various mixes and consist- 
encies with steel imbedded, subjected to air, steam and carbonic acid. 

40 a. Ntccl clean when Imbedded. 3 wks exposure. 

Steel perfectly protected by neat cem in all cases, and where the mortar 
was mixt wet, so as to cover the steel with thin grout. 

In cone, rust found only where voids or other defects existed. 

40 b. Steel runted when Imbedded. 1 to 3 mos exposure. 
Changes, in size of steel, occurred only where cone had been poorly applied. 


41 

41. John N. Newell, on Baltimore lire, E N, ’04, Mar 24. 

41 a. ReHiilt!^. “Concrete undergoes more or less molecular 
chan);;e in tire, subject to some Hnallin;;. Molecular change very slpw. 
Calcined material does not spall off uailly except at e.xposed square corners. 
Ellicieiicy, on the whole, is lugh. Preferable to commercial hollow tiled 
for both floor arches or slabs, and col ami girder coverings.” 

41 l». Heinfd cone cols, beams, girders, and floor slabs, at least as de- 
sirable as dteel work protected with the best commercial hollow tiles. 

41 c. “Stone cone siialLs worse than any other kind, because the pieces 
of stone contain air and moisture cavities, and the contents of these rup- 
ture the stone, when hot. Cilravcl is stone that has had most of these 
cavitie.s eliminated by splitting through them, during long age.s of exposure 
to the weather. It is therefore better than stone for fire-resisting cone.' 

41 d. “ Broken bricks broken dla{^. o«li€^ ami clinker all 
make good fire-resisting cone.” 

41 e. “ Cinderd containing much partly burned coal, are unsafe, be- 
cause these particles actually burn out and weaken the cone. Locomotive 
cinders kill the cem, besides being combustible. Cinder concrete is safe 
only when subjected to the most rigid and intelligent stqiorvision; when 
m^e properly, of proper materials, however, it is doubtful whether even 
brickwork is much superior to it in fire-resisting qualities, and nothing is 
superior to it in lightness, other things being equal.” 


42 

42. Emile IjOW, A S C E, Trans, June '04, V.)l 52, p. 90. 
Breakwater. 


42 a. Nhrinkag'e. 

Cement 

Sand. . . 

Pebbles 

Broken Stone 



Buffalo 


Total Materials 1^770 

Blocks raaile -054 

Shrinkage 716 


- 25.8 % 


42 

43. Alex. B. UfoncrlelT, Eugr in Chief, South Australian Govt 
Letter to authors, June 7, '04 

43 a. Pcrmeablllly. 

Npccimciid. Cone blocks, 2 ft cubes (8 cu ft), for expts in connection 
with construction of Barodda dam. Ingredients same as useil on dam. 
Agg to 2", with varying voids. Preparation of aggs very carefully 

Treatment. Water brought to cen of block in wrought 
terminating in a T piece, wrapped with hemp which formed a bulb au 

Kedaltd. All tke blockd bectame practically 

used in dam "was baaed upon the results of the expts principally with dIockb 
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Nos 7 and 8." There is “practically nothing that could be called a leak” 
thru the dain.* 

Q vol of mixing water, % of volume of cone; 

, rtn vol of mortar — vol of voids 

A = excess mortar == 100 - , v i 1 

vol of voids 

A == age of block, in weeks, when subjected to pres; 

/ = interval in mins, betw application of pres and appearance of water 
on surf of block; 

Head = 100 ft = 43.4 Ihs/G." Under 200 ft (80.8 Ibs/Q") “the effect 
clo.sely resembled the results obtained from the head of 100 ft.” 

Observed Leakage* 


No. 

Cem. Sand 

Agg 

Q 

% 

A' A 
% Weeks 

/ 

Mins. 

Pints 

Mean rate 
U. S gals/m( 

1 

1 

1.84 

5.2G 

16.65 

5 

11 

t 

t 


t 

2 

1 

1.84 

5.26 

15.45 

5 

11 

34 

H in 

7 wks. 0.065 

3 

1 

1.50 

4.63 

16.04 

5 

10 

18 

Vko 

4 

0.006 

4 

1 

2.00 

4.50 

16.04 

15 

10 

14 

14 “ 

2 

‘ 4.000 

5 

1 

1.75 

4.13 

16.65 

15 

9 

12 

27 “ 

7 

‘ 2.353 

6 

1 

1.50 

4.12 

16.04 

10 

8 

35 

Mso 

2 

‘ 0.006 

7 

1 

1.50 

3.90 

14.26 

12.5 

6 

28 


2 

‘ 0.037 

8 

1 

1.50 

3.70 

13.68 

15 

5 

30 


2 

‘ 0.006 


44 

44. Edwin Thaclier, A S C E, Trans. ’05, Vol 54, pp 425, &c. 

44 a. Effect of cold. IWelan arch brldi^e. at Mishawaka, Ind, 
6 spans, 1 10 ft each, built in temps ranging from 0*^ to 55® F. Hot water 
admitted to mixer. Cone laid at blood heat; warm enough to melt snow 
18 hours later. Center arch completed with temp about 26® F, The next 
day, temp fell to 0® F. Two wks later, an ice jam carried out the centering 
and leH the arch iinsiijiported. No bad effects observed; settlement 
but little greater than with the other arches, centering under which was 
removed later and in the usual way. 

44 b. Finish. 

Bridge at Oconomowoc, Wis. Mortar face, 1 cem : 1 granite screenings 
: 1 torpedo sand. Cn the second day after completion, molds removed and 
surf rubbed with a soft stone and water. 

Inman arch, llohcnzollern. 1 cem ; 5 broken limestone. After setting 
12 hrs, the loose cem was removed by water and brushes. 

Pacific Borax Co’s factory, Bayonne, N. J. Finushed to represent cour^ 
ashlar, by inserting w'ooden strips in the molds and dressing the faces with 
a imeumatic hammer. One man could dress from 300 to GOO sq ft in 10 
hours by machine, 100 to 200 by hand, (lood effect. 

“Mr. Cummings produced a good finish by going over the surf with a 
wire brush w hile the cem w^as still green.” 

Utica & Mohawk Valley Ry viaduct, Herkimer, N. Y., and viaduct over 
rys at Jacksonville, Fla. “A very .superior finwh.” For a hard wall, wet 
the surface and ajiply a thin I ; 2 mortar with a brush. Rub surface with 
a piece of gnndstone or carborundum, removing board marks, filling pores 
and producing a lather on the surf. Go over this lather, before it dries, 
with a brush dipped in water. 

For a green wall (molds reinoveiJ in less than 7 clays,) use a thin grout of 
neat cem, instead of the I • 2 mortar. Remainder of process as above. 

Use smooth molds, deposit wet cone directly against them. After re- 
moving molds, float the surf with a wociden float, using only sufficient 
mortar to hll the pores and fpve a smooth tinish. 

44 c. 4'orroNioii. . . , , . , , 

Chicago. Iron rods, in limestone cone slabs which had covered sidewalk 
vaults for 8 or 10 yrs, rust-free. E. L. Ransome. 


•Se«1I4, p 1271. 


t Unreliable. 
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40 

40. Prof Chas. L. Norton, E N, ’02, Oct 23, ’04, Jan 14. 
Corrosion. Several hundred briquets of various mixes and consist- 
encies with steel imbedded, subjected to air, steam and carbonic acid. 

40 a. Ntccl clean when Imbedded. 3 wks exposure. 

Steel perfectly protected by neat cem in all cases, and where the mortar 
was mixt wet, so as to cover the steel with thin grout. 

In cone, rust found only where voids or other defects existed. 

40 b. Steel runted when Imbedded. 1 to 3 mos exposure. 
Changes, in size of steel, occurred only where cone had been poorly applied. 


41 

41. John N. Newell, on Baltimore lire, E N, ’04, Mar 24. 

41 a. ReHiilt!^. “Concrete undergoes more or less molecular 
chan);;e in tire, subject to some Hnallin;;. Molecular change very slpw. 
Calcined material does not spall off uailly except at e.xposed square corners. 
Ellicieiicy, on the whole, is lugh. Preferable to commercial hollow tiled 
for both floor arches or slabs, and col ami girder coverings.” 

41 l». Heinfd cone cols, beams, girders, and floor slabs, at least as de- 
sirable as dteel work protected with the best commercial hollow tiles. 

41 c. “Stone cone siialLs worse than any other kind, because the pieces 
of stone contain air and moisture cavities, and the contents of these rup- 
ture the stone, when hot. Cilravcl is stone that has had most of these 
cavitie.s eliminated by splitting through them, during long age.s of exposure 
to the weather. It is therefore better than stone for fire-resisting cone.' 

41 d. “ Broken bricks broken dla{^. o«li€^ ami clinker all 
make good fire-resisting cone.” 

41 e. “ Cinderd containing much partly burned coal, are unsafe, be- 
cause these particles actually burn out and weaken the cone. Locomotive 
cinders kill the cem, besides being combustible. Cinder concrete is safe 
only when subjected to the most rigid and intelligent stqiorvision; when 
m^e properly, of proper materials, however, it is doubtful whether even 
brickwork is much superior to it in fire-resisting qualities, and nothing is 
superior to it in lightness, other things being equal.” 


42 

42. Emile IjOW, A S C E, Trans, June '04, V.)l 52, p. 90. 
Breakwater. 


42 a. Nhrinkag'e. 

Cement 

Sand. . . 

Pebbles 

Broken Stone 



Buffalo 


Total Materials 1^770 

Blocks raaile -054 

Shrinkage 716 


- 25.8 % 


42 

43. Alex. B. UfoncrlelT, Eugr in Chief, South Australian Govt 
Letter to authors, June 7, '04 

43 a. Pcrmeablllly. 

Npccimciid. Cone blocks, 2 ft cubes (8 cu ft), for expts in connection 
with construction of Barodda dam. Ingredients same as useil on dam. 
Agg to 2", with varying voids. Preparation of aggs very carefully 

Treatment. Water brought to cen of block in wrought 
terminating in a T piece, wrapped with hemp which formed a bulb au 

Kedaltd. All tke blockd bectame practically 

used in dam "was baaed upon the results of the expts principally with dIockb 
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46 d. €onc did not break or chip under fire; but lost practi* 
oally all strgth to a depth of ^ from aides and bottom, and softenwi per, 
ceptibly thruout. The cem and most of the stone were thoroly calcined at 
surf, and, to a diminishing extent, to a depth of 4''. In all cases, a littls 
water appeared in cracks running across the beams, especially with 
the richest mixtures and with temp at 212^ F. 

46 e. Recommendations. Materials should be well mixt, wet, 
by machine, and well tamped. Imbedment should be < 2"; in important 
cases, 3". 

47 

47. John H. Quinton. U. S. GeolSurv, ‘‘Exptson Steel-conc Pipei 
on a Working Scale,” U. S. Water-Supply and Irrigation Paper 143, '05. 

47 a. Permeability. To determine availability of such pipes under 
pres, for U. S. Reclamation Service. 

NiieclmciiM. Seven reinforced hand-mixed cone pipes, 5 ft diam, 6* 
thick, 20 ft long; each made m one section; one, same dimensions, in 4 
secs. Skilled workmen. In 3 of the 7 pipes, and in 3 of the 4 secs of the 
8th pipe, lime was used in the mixture. 

The pipes vaiued greatly in texture. One of them “seemed to be of a 
crumbly nature, ana it would have been easy to cut a hole through it." 
Another was “exceedingly hard.” 

Treatment. The pipes were tested with and without inside linings of 
cem and sand, etc, with and without lime paste. The Sylvester soap-and- 
alurn wash (p 92S), P and B waterproof paint, and other paints were tried: 
and clay was stirred up in the water within the pipes. Pressures up to 
70 Ibs/LT =• 161.5 ft. head. 

KcNnlta. 

47 b. In spite of all precautions, the pipes leaked, especially along tamping 
seams. Leakag;e decreased g^rcatly under prea. as percolating 
water filled the pores with laitance; but in the mean time the leakage may 
be sufficient to damage foundations of pipe. 

47 c. Dry mlxtnrc«i gave the more permeable cone. 

47 d. With carefully graded aravda. it was found difficult to secure 
uniform diatrlbntlon of the din sizes. 

47 e. Keep cone shaded while mixing and placing. 

17 f. Interruptions to work are lea.st dangerous with wet mixtures, 
fa tamping, avoid diaplacement of reinforcement. 

47 |g. Make reinforcemt strong enough to protect cone against ten- 
sile stress. 

47 h. l|iioap and alum mixture of advantage in making cone; but 
planter found advisable on inside, in two coats, the first with lime paste, 
to retard setting; the second (applied when the first is dry) to be troweled 
smooth. When drj^ apply thick neat cem wash. 

47 i. Reinfd cone pipes not recommended for heads over 70 ft (30 lbs 
/□"). For short dists, special precautions may justify 100 ft (43 Ibs/G"). 

47 k. Cone pipes liable to crack, especially along tamping seams; 
but, even if cracked, probably drier and more durable than other kinds. 

47 1. When the pipes were broken up, rant appeared upon only 1 rod, 
which was rusted ail around for a length of about 1 where a large and 
long-continued leak hail occurred. The pipe had been liried with a mortar 
containing sal ammoniac (ammonium chloride) and iron filings. 

4S 

46. ilonsidere. Beton und Eisen, '05, Vol 3 

46 a. Ductility. 

Specimens. Mixture, 400 kg Port cem, 0.4 cu m sand, 0,8 cu m lime* 
itone screenings. Beams 15 X 20 cm, 3 m long. Tension side reinfd with 
2 iron bars 16 mm round, and 3, 12 mm rd. Bendg mom constant thruout 
measd length. , . , , , ^ 

Treatment. One beam kept in water, one under damp sand, 6 mos 
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kept under water 0.00107 

" “ damp sand 0.00050 


No cracks discovered, altho the surf was smooth^ with cem. 

Streniftli unaffected. 

49 

49. R. Feret, "A Treatise on Concrete, Plain and Reinforaed,” by 
Taylor and Thompson, *05. 

49 a. The injurious action of sea water is due chiefly to the siillkirle 
acid of the dissolved sulfates; hence, the cem should contain as little 
gypsum (lime sulfate) as possible. Port cem should be low in aluminum 
and in lime. The presence of puzzolamc material is advantageous. The 
cone should be dense and impervious. 

50 

50. Prof Ira H. Woolsou, Report to Astoria Light, Heat and 
Power Co., '05. 

50 a. Character; stren§;th. 

Strengths in Ibs/D" 


Port Cem, 1 : 2 ! 4. 

Max 

Sand & broken limestone ...... 176 

Crushed* & broken limestone 282 


Tensile Compressive 


Av 

Min 

Max 

Av 

Min 

161 

153 

2000 

1763 

1441 

194 

138 

3400 

2449 

2040 


50 b. Sand contained < 1 % loam; all past sieve; 75 % past 20 
mesh sieve. Hudson R bluestone (limestone) passing 1 H," screen, retained 
on screen. Cone tampt wet in molds, 1 or 2 days in air, 5 or 6 in water. 
Air dried 4 to 7 wks. Results, see 50 a. 


51 

51. Prof R. C. Carpenter, Cornell Univ, Sibley Jour of Eng*g, 
Jan, '05. 

51a. Retardation of Hettlng;; nypsnm (lime sulfate) CaSOs, 
and calcium chloride, CaClj. Both ground dry with the clinker. 
Initial aet; paste bears a rod Vts inch diam, loaded with M lb. 

Final set; “ ‘* " Vai 1 lb. 

Time, in both cases, reckoned from time of mixing, and given in mins. 


Results. Percentage by weightf 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 
Time in minutes 

Initial CaSO* 2 6 . 80 24 29 30 27 28 27 19 18 

“ CaClj 2 115 160 167 127 103 45 97 , . 73 68 . . 

Final CaSO* 52 87 . 157 114 79 69 72 45 59 37 69 

CaCla 52 274 272 234 212 180 182^85 160 145 .. 

51 b. E. Candlot (Ciments et Chaux Hydrauliques) found that concen* 


traiCKi solutions of CaCL (such as ICK) to 400 grams per liter) accele« 
rated setting and hardening. 

51 c. Addition of slaked lime to a cem contmning gypsum which, 
with time, has lost its retarding effect. 

Initial, mins Final, mins 

2 % gypsum, no lime- 12 15 

“ “ + 5 % “ . — 120 300 

2 to 5 % of lime is useful in this respect, but not without the gypsum* 
I'he lime does not diminish the strgth. 

52 

52. Jas. C. Ifaln, Chic, MU and St P Ry. E N, ’04/Apr 28. p 413 
B R, '05, Jan 28, p 103. hand; slse and cleanliness. 


crusher screenings; 87 % past VC sieve, 40 % past sieve. 
1 1 % *■ about 4 lbs CaCl 2 to a barrel of Port cem. 
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Specimens. 

52 a. Impure sands. 

1 3 Port cem mortars, made with 

(a) sand of smooth rounded quartz grains, mixt with larger fragments 
sf hmestone shells. 92 % past No 24 sieve, 28 % past No 50; 

(b) “St Paul standd sand,” 54 % past No 24; 11 % past No 69; 

(c) “Ottawa standd sand.” 

Resnlts : 

Relative tensile atrgths (a) 100; (b) 137; (c) 107.6. 

Sand (a) made excellent cono in a draw-span center pier. 

1 : 3 Port cem mortars, with sand containing 3.2 to 15 % clay; strgtha 
< with clean sand With nat cem 1 : 3, and Port 1 : 2, the results were 
generally favorable to the cleaner sand. 

Sand with 6 % clay gave stronger mortars before than after washing 

Sands, to which 2 to 20 % rich loam had been artificially added, gave 
mortar ^ting somewhat irregularly but iu general higher than those with 
clean sand. 

52 b. Fine sand, with clay. A sand, all passing No. 100 sieve. 
93.2 % passing No. 2()0 (therefore finer than most cem. See Specfs), and 
containing 12 % clay, gave a 1 : 3 Port cem mortar showing, at 6 moa 
and 1 yr, nearly the same tensile strgth as similar mortar made with “Ot- 
tawa standard sand,” but the mortar was weaker at shorter periods. 

53 

53. JsH. €. Hain, Engr of Masonry Constn, Chic, Mil and St P Ry, 
E N, ’05, Mar 16. 

Oil. Tests by Oeo. J. Oriesenaner. 

53 a. A neat Fort cem brunet, 2 yrs old, exposed to occasion^ 
drippings of signal oil, began to disintegrate in 10 mos; but no recent cono 
structures were found perceptibly injured by oil. A cone floor, upon 
which lubricating and lighting oils had been stored for 6 yra, was apparently 
unaffec^ Oil penetrated about A piece of this floor, in oil 10 
mos, still sound. 

53 b. Port cem ; neat; 1 : 3 sand; 1 : 3 limestone screengs; 18 bri- 
quets each; 4 days in air. Then saturated daily with signal oil; later 
less frequently. Cracks appeared in the 1 : 3 specimens in 2 H nios; in 
neat specimens in 5 mos. All the briquets disintegrated eventually. 

53 c. Port cem ; 54 briquets, neat; 30 briuuets 1 : 3 sand. 7 d in 
air. Then saturated daily with oil; later, less frequently. Oils used; 
extract lard, whale, castor, boiled linseed, crude petroleum, signal. Cenw 
made from limestone and clay, marl and clay, limest aftd slag. Lard oil 
disintegrated most of the briquets in from 2 wks to 2J^ mos, but some re- 
mained sound for 9 mos. Signal oil (animal and mineral mixt) had nearly 
the same effect. Whale and castor oil affected only a few briquets; while 
petroleum and boiled linseed disintepated no briquets. Petroleum di- 
minished strgth somewhat. Boiled hnseed formed a protective coating 
and did not affect strgth. As a rule, the neat briquets yielded first In 
general, briquets of limestone and slag yielded mpst; those of limestone 
and clay least. 

53d. NIliea cem; neat, 1:1, 1:2, 1:3. sand. 1 briquet each. 
2 yrs in water; 20 days in warm air. Signal oil 2 yrs. First 3 briquets 
sound; 1 briquet (I ; 3) disintegrating. 

53 O. Lins^ oil, Sylvester's process (p 1220), paraffine, and water glass 
(soda silicate) were applied, as coatinipa, to the briquets, but all failed 
to protect them against the action of the oils. 

53 f. Rich cone, well made of good materials and well set and sea- 
soned, is best for resisting oil. In practice, cone Mtrnctnrea are rarely, 
if ever, saturated with oil, as were these specimens. 

54 

54. €has. A. Hatcham, Nat Builders' Supply Assn, E R, *05, Apt 
15, p 435. 

54 a. Corrosion. 
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SpeciincnM and treatment. 6-inch cone cubes, 3 yrs old, with 3' 
steel cubes embedded 

'IVo cubes, with nnpainted 3^ steel cubes embedded, exposed to 
Bummer and winter weather, and sometimes covered with niiow and ice. 
Resnltis. 

Steel uninjured. Crushing strgths, 2020 lbs and over 4166 lbs /□". 
One 6" cube, with 3" steel cube (painted with metallic paint) embedu^, 

S laced in bottom of river. Steel uninjured Faint disappeared, 
rushing strgth, 2907 Ibs/G". 


5.5 

55. Prof Ira II. Woolson. £ N, '05, Jun 1. 

55 a. Absorption. 

SpfMsimens. 8" cubes, 1:2:4, 3 weeks old, kiln dried 13 days at 
120*^ F. 

Part with sand with < 1 % loam; all past 0.125" screen ; 75 % past 
20-mesh sieve. Part with J-'a" limestone crusher screenings; 87 % past 
screen; 40 % past 0.125" screen; sand and dust, enough to fill voids. Stone 
past 1 1^" ring. 

Reenlts. 

Av absorption ; 4 hours, 2.87 %; 24 hrs, 2.95 %; 48 hrs, 3.33 %. No 
marked diff betw sand and screeninii^. 

56 

56. W. C. Hoad. Univ of Kansas. £ N, '05, Aug 10. 

Clay and lioani; strenicth and absorption. 

56 a. Port cem with (a) standd Ottawa sand, 1:3; (b) 2 to 20 % of the 
sand replaced by clay or loam. At 60 days, relative strgths; in general: 
(a) 100; (b) 94 to 125. 

56 b. Up to 6 or 8 % clay or loam, there was no increase of absorption, 
with loam; and about 10 % decrease, with clay. With higher per- 
centagi;es, the absorption increased somewhat. 

57 

57. Eng* Newrs, '05, Sep 28. 

57 a. Permeability. 

Reinforced concrete cistern, 75,000 gals. 1:2:4, Port cem, 
river sand, gravel. 1" layer of 1 : 1 m<»rtar on bottom. WaUs 
Washed with 3 coats neat cem s^ront, cream consistency, put on with 
whitewash brush after walls were well wetted. Each coat dried for 24 hrs. 
If too wet, the coating crackt. If too dry, it could not be brusht on. For a 
few days after filling, lost in depth per day. Perfectly tight since. 
Cistern built with outside air at temp below 20® F ; but was covered 
Brith boards, and two coke salamandere were used. 

58 

58. Prof Ira H. Woolson, E N, '05, Nov 2. 

58 a. Flow. 

Specimens. Cols, 4" diam, 12" long, formed in steel tubes, H" *><> 
M" thick, and allowed to set and remain there for 17 days, when the cone 
appeared very hard. Cone remained in tubes during tests. ' ' * 

Results. Under loails of 150,000 lbs, the cols in the stouter tubes were 
merely shortened < M"; but under loads of 120,000 to 150,000 lbs, the 
cols, in some of the lighter tubes, were bent out of shape and shortened by 
3>i", their diam increasing from 4" to about 5", Upon removal of the tubee, 
the cone jms found unbroken, solid and perfect / 

59 

59. J. HI. Rraxton, U. S. Asst Engr. Reports, ^5-6 E N, '08, 
May 14 p 525. 

Corrosion in sea water. 
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5» a. Yt steel rods imbedded in 4 cone blocks made with coral sand and 
broken brick. 2 blocks in 4 ft of sea water; 2 in a dry closet, both for more 
than a yr. The rod in one of the dry blocks shf>wcd signs of rusting. The 
others were as bright and smooth as when placed. 

59 b. 30 blocks, 12" X 12" X G"; Port cem, 1:3; 5, broken brick, 
Mfule under usual working conditions. twiste,d steel rod, 8" long, in 
cen of each block. 20 blocks with cfirm sand, 10 with ordinary quartz 
sand. Half of each placed in ocean, half in air without roof. Broken after 
1 yr, 3 w'ks. In all the blocks placed in the ocean, the rods were found in 
perfect condition. All the others were more or less rusted. 

60 

60. 'Win. R. Baldwin>Wlseman, Instn C E Procs, ’06, Vol 163, 

p319. 

60 a. Pnddllnig’ effect of water flowing thru cone discs, 1.3" diam, 6" 
thick, 1 : 4 Port cem, crushed giavel pas.sing 1" ring. Sp gr ot cone 2,23, 
140 ll»s/eu ft. In wooden molds 10 wks. Water, for pres, pumped from 
chalk formation, hardness nvhieed from 18“ to G“. Air temp 12® to 15® C 
— ,54“ to 5t)“ F. Pressures, 24 to GO Ibs/lT = 55 to 139 ft. Leakage as 
per Fig 4. Toward the close of the expts, small stalactitic ^rowibft 



Days 


Fl|f i. Puddling. 


formed on bottom of test piece, arul leakage was absorbed by evaporation. 
Near the surf, tbo water, under high pres, dissolved out some of the materiail, 
but deposited it in the pores farther on, where the pres had been reduced by 
passage thru the block. 


61 

61. NanTord E. Thompson. A ST M, Procs, 'V’ol VI, 1906, p379. 

61 a. ConNlNtoney ; effect npon donslly.* pormeablltty 
and €oinpreMNtv« Hlrenirlh. 

Density and permeability specimens, 21 days old; comp strgth specimens 
5 % mos. 


Npoolmenj*. 

Atlas Portland cem; Newburyport saml, sp gr = 2.G.5; trap, sp gr « 2.78. . 

I : 2.3 : 4.6 by vol ; 1:2:4 by wt. 

C’omiistencleti used. , , . Water, % 1 

Dry. Like damp earth; water glistened on surf under hard 

ramming 

Medlnm. l.imked wet when imxed. Did not flow in mixing 
^box. Slightly quaking 6*9 

Very wet! ' Uie 'thick soup.’ ’ ’ii^Vtl^' to a level in mixing 
box. Required scoop shovels for handling. Slightly wet- 
ter than usual in builaing work 11.0 

Extremely wet 13»7 


♦ Density « vol of solid particles in unit vol of cono. 
t Percentage of weight of cem, sand and stone. 




1330 


CONCRETE. 


For Directory to Experiments, see pp 1303-7. 


Results. See Fig 5. 



For a given consistency, the pereentaiye of water depends upon the 
nature of the ccm, an<l upon the size and dryness of the sand grains. A fine 
sand, or one with many fine grains, may require twice as much water as 
coarse sand re(iuires. 

61 b. Elastic modulus. Twelve 12" cubes, deformations measd in 
5" gaged length. Averages of 4 specimens, 1:2:4; approx 1, 2, fi and 17 
mos old. Dry, 4,450,000 Ibs/LT; medium, 4,200,000; very ^^et, 3,000,000 
No appreciable increase of modulus with age. 

61 c. A^c; permeability. Blocks tested at 21 and 84 days, showed 
permeabilities abt as 2 ; 1. Pressure, 80 Ibs/sq m 185 It of water. 

61 d. An excess of water washes out fine cem, forming laitaiice. 
reducing strgth and increasing permeability. Thickness of laitance 
formation, H" m very wet mixtures. 

61 c. Mr. Thompson concludes that, in building and other 
reinfd work, the cone should be only wet enough “to flow sli^giahly around 
and thoroly imbed the steel and permit smooth surfaces against the forms,” 
and that medium or quaking cone is suitable for ordinary mass cone, such 
as foundations, heavy walls, large arches, piers and abuts. 

62. A. Black. £ N, 'OG, Aug 30, p 236. 

62 a. Character of sand ; streni^th and absorption. 


Specimens. Passing No 

170 sieve. 

A, crushed gneiss, screened thru Y-i mesh 90.8 % 

B, Cowe Bay sand, much used in and about New York . . 95.8 % 

C, fine clean .silicious sand 95.5 % 


Results. In 7 and 28 flays, 1 : 2 and 1 : 3 mortars, A and B gave, in 
general, from 20 to 50 % greater tensile and comp strcng;ths than C. In 
general, the stronger mortars showeil the biKb^r absorptions. 

— 6a — 

6.a. Alex. B. MoncrleflT, £ N, ’06, Aug 30, p 227. 

62 a. Briquets in water 2 yrs, in air 7 days and in oil 6 moa. In general, 
neat cera lost from 0 to 36 % strgth, while 3 ; 1 gained from 0 to 65.6 %t 
by air drying and immersion in oil. 

6S b. Briquets in air 7 days; then 6 mos in either oil or water. The neat 
cem briquets in oil were from 0 to 56 % weaker than the neat cem in water; 
the 3 ; 1 briquets in oil were 49 to 70 % weaker than those in water, 
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63 c. Briquets ia water 9 wks; others in water 4 wka, in air 1 wk and in 
oil 4 wks. With few exceptions, the neat cem briquets m oil were from abt 
0 to 40 % stronger than like briquets in water, while the 3 : 1 briquets were 
from abt 0 to 63 % stronger than hke briquets in water. Many of the oil- 
treated briquets “snapped like flint.” 

64 

64. Prof Arthur N. Talbot, Univ of 111. Bull, Vol IV No. 1. 

'06, Sept 1. 

64 a. Adhesion and friction. '04. 

Specimens and results. 

Mix, 1:3:6. 

Pull, in Ibs/n" of net section; 

Elastic limit, in Ibs/Q"; 

Adhesion, in Ibs/Q" of imbedded surf: 



Johnson bars 

Round 

1 bars 

Square bars 



■ 

H" 



y/ 

H" 

Pull 

... .71,412 

34„500 

31,500 

21,500 

35,656 

26,510 

20,860 

Elas lim . . . 

. . . .60,000 

58,.300 

42,500 

40,500 

45,000 

33,300 

35,000 

Adhesion , . 

. . . . 695 

420 

249 

315 

297 

286 

325 


With all the Johnson bars, the specimens split or broke. All the 
plain rods slipped. 6 of the 11 Johnson bars, and 4 of the 11 bars 
square, were “struck 6 quarter-swing blows with a 10-lb sledge,” reducing 
their adhesion by abt 5 to 20 %. 

Npeciiiiens. 

64 b. '05-6. Cylinders, 6" diam, 6* and 12" long; 60 days old Mixture 
of Am Port cems, tensile strgth, neat, 723 Ib/n" at 7 days; 1 : 3, 354 at 7 
ds, 533 at 75 ds, coarse mortar sand; broken limestone, screened thru 1" 
and over screen. Metal, elas lira, Ibs/Q"; Mild steel (M), Round 

38,000; Flat, 45,000; Cold rolled shafting (C), 87,000; Tool steel (T) 
53,000. 

RcHultH. Lbs/G" im- 

No. Imbedded bedded surface 


of 

te.st3 

Steel 

Size 

Mil 


length, 

ins. 

Adhesion 

Friction 

fla 

6 

M 

round 

1 :3 

5.5 

6 

a 

372 

/ 

210 

0.67 

6 



1 :2 

4 

“ 

412 

227 

0.55 

6 


%'* round 

1 .3 

5.5 


355 

227 

0.64 

4 


1 : 2 

4 


465 

297 

0.64 

3 


round 

1 :3 

5.5 

12 

373 

268 

0.72 

4 


1 :2 

4 

“ 

404 

266 

0.65 

3 


%" round 

1 :3 

5.5 

“ 

402 

228 

0.57 

3 


1:2 

4 

** 

414 

233 

0.54 

3 


1 } 3 X sAo" 

1:3: 

5.5 

6 

125 

84 

0.67 

3 

C 

1" round 

“ 



136 

67 

0.49 

3 


y" round 



*• 

157 

50 

0.32 

3 

T 

round 

1:3 

:6 


147 




Rich mixtriirc generally superior. Cold rolled shaftg and tool 
steel generally inferioi, owing to uniformity of sec and smoothness of surf. 

65 

65. Jos. W. El 1ms, Chemist, Commissra of Water Works, Cincinnati 
E R, '06, Oct 27, p 467. 

65 a. Permeability. 

Specimens. Port and nat (LouisAdlle) cem; Ohio River quartz sand, 
clean, rather fine, quite uniform in size; limestone screenings, with much 
very tine dust. 

ClltlPd * 

Port cem; \a) 1 cem : 2 sand. 10 % water; (b) 1 cem : 1 sand ; 1 screea. 
ings, 11 % water; (c) 1 cem ; 2 screenings, 14 % water. 

Hft 
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Results. See Fig 5. 



For a given consistency, the pereentaiye of water depends upon the 
nature of the ccm, an<l upon the size and dryness of the sand grains. A fine 
sand, or one with many fine grains, may require twice as much water as 
coarse sand re(iuires. 

61 b. Elastic modulus. Twelve 12" cubes, deformations measd in 
5" gaged length. Averages of 4 specimens, 1:2:4; approx 1, 2, fi and 17 
mos old. Dry, 4,450,000 Ibs/LT; medium, 4,200,000; very ^^et, 3,000,000 
No appreciable increase of modulus with age. 

61 c. A^c; permeability. Blocks tested at 21 and 84 days, showed 
permeabilities abt as 2 ; 1. Pressure, 80 Ibs/sq m 185 It of water. 

61 d. An excess of water washes out fine cem, forming laitaiice. 
reducing strgth and increasing permeability. Thickness of laitance 
formation, H" m very wet mixtures. 

61 c. Mr. Thompson concludes that, in building and other 
reinfd work, the cone should be only wet enough “to flow sli^giahly around 
and thoroly imbed the steel and permit smooth surfaces against the forms,” 
and that medium or quaking cone is suitable for ordinary mass cone, such 
as foundations, heavy walls, large arches, piers and abuts. 

62. A. Black. £ N, 'OG, Aug 30, p 236. 

62 a. Character of sand ; streni^th and absorption. 


Specimens. Passing No 

170 sieve. 

A, crushed gneiss, screened thru Y-i mesh 90.8 % 

B, Cowe Bay sand, much used in and about New York . . 95.8 % 

C, fine clean .silicious sand 95.5 % 


Results. In 7 and 28 flays, 1 : 2 and 1 : 3 mortars, A and B gave, in 
general, from 20 to 50 % greater tensile and comp strcng;ths than C. In 
general, the stronger mortars showeil the biKb^r absorptions. 

— 6a — 

6.a. Alex. B. MoncrleflT, £ N, ’06, Aug 30, p 227. 

62 a. Briquets in water 2 yrs, in air 7 days and in oil 6 moa. In general, 
neat cera lost from 0 to 36 % strgth, while 3 ; 1 gained from 0 to 65.6 %t 
by air drying and immersion in oil. 

6S b. Briquets in air 7 days; then 6 mos in either oil or water. The neat 
cem briquets in oil were from 0 to 56 % weaker than the neat cem in water; 
the 3 ; 1 briquets in oil were 49 to 70 % weaker than those in water, 
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68 b. Tenptilc Htrenu^tta. 

Oil in mix 


None 

2 % linseed . . 
2 % engine. . 


1 day 
.430 
..180 
.332 

- 69 


Tensile strength, \haf\y 


7 days 
606 
493 


28 days 
743 
672 


69. M, R. Barnett, Inst C E, Procs, ’07, Vol 167, p 153. 

69 a. Aetlon of Hoft water upon linieNtoue eone. Thirlmere 
a(uieduct, water supply of Manchester, Eng. Section of af|ueduct, made 
with limestone cone. Floor, 9’’ thick, reduced about H" in thickness, 
honeycombed, eaten thru in many places, and leaking badly. 

69 b. Samples of the lime.stones, from which the cone was made, were 
kept, for 6 mos, in running soft water, in the aqueduct, and were found to 
lose w't at rates ranging from 6.8 to 18.1 % per year, w'hile sample blocks 
of neat and 1 ; 1 Port cein mortar, gaineil 5Jj and 3.6 % respectively. 
Deg of hardness of water, 2.1S. 


70 

70. Prof Ira II. Woolaon, AS T M, Procs, ’05, p 335; '07, p 404. 
IliK-h temperatnrra and tborinal c'ondiietivity. 

70 a. Mlxturo, 1:2:4; with cinder, 1 : 2 : 5. Cem, an equal mix of 
3 Portlands. Sand, sharp, fair qual, “not especially clean"; 90 % pa.st a 
12-mesh sieve. Agg, .fair <iuality boiler cinder, with most of the fine ashe.s 
removed; ^4" clean quartz gravel; ennsht trap. Mi\t moderately wet; 
tampt in molds until water flusht to surf. 



70 b. lllii^b temperature!*. '05, p 335. Fig 6. 

KpeciiiienN. For corap strgth, A" cubes; for elasticity, prisms 6 X 6 
X 14". 3 cubes and 3 prisms tested without heating: 3 cubes and 2 prisma 
of each agg (trap and limestone) at each temp. 

RcNnltf*. 

70 c. Klaatlc modulua, E. For E, the trap and limestone curves 
nearly coincided. 

70 d. After heating to 2000° and 2250* F, the limestone cubes appeared 
sound while hot, but disilnteffrated when cooled. 
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70 e. After coolinfp from 750® F, both trap and limestone prisma 
were covered with minute cracks. Under hi/fher temps, these cracks in- 
creased in number and in size, and the prisms warped and disintegrated 
after cooling from 1500® F. 

70 f. The trap and cinder cone specimens remained Nonnd, while 
the Krravel cone specimens cracked and crumble<l in pieces, probably 
owing to high cxpanNion coeflf of (luartz, and to the fact that this coeff 
in one direction, is double that in the perp direction. 



Fis7. Thermal Conductivity. Dimensions in inches. 



Fig 8. Thermal Conductivity. 

70 g. Thermal conductivity, '07, p 404. Figs 7 and 8. 

NpecimenH. Cone blocks, with holes as in Fig 7. Dimensions in inches. 
Thermo couple in each hole. Mixtuie as in 70 a. 

Treatment. Specimens in molds 24 hrs, in water 48 hrs, kept moist 
2 or 3 wks, allowed to dry well. Age, at test, about 2 raos. Blocks placed 
in furnace doorway. 

ResnltH. Fig 8 shows, for one of the trap rone sjiecimens, the f lines, 
in mins, reqd to tranMiiiit the fiirnuee teni|»H thru diff thicknesses 
of cone. F^ach curve is marked with this thickness in ins. Drop of curveSi 
at and near 200® F, attributed to Mtcam generation. 
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70 li. 2 to 2yi" of cone (if it remaiiia in place) will protect 
reinfg metal duimg any ordinary conflagration. 

70 i. Exposed reinforcing metal will not conduct heat injuri- 
ously to imbedded portion. 

70.5. Will. B. Fuller and Hanford E. Thompson, " The Laws 

of I’loporlioning Concrete,” A S C L, Trans, ’07/Dec, Vol 59, pp 139-143. 
Elastic modulus, E, under compre.ssion. 

Specimens. 6" sq cone pnsms, IS" long ; age, abt 140 ds. Giant Port 
cem. Agg : Cowc Bay sand (CS), Jerome Park screenings (JSc). Agg: 
Cowc Bay gravel (CG), Jerome Park .stone (JSt). 

Kcsiilts. 

Effect of maximum size of stone. 


Mix 1:9* 1:3:6 1 ; 2.81 : 5.62 1 : 2.92 ; 6.88 

Stf)ne Elastic modulus, E, in mdliona of pounds per square inch. 

2.25 ina 2 1 2 4 3.3 3.0 

1.00 " 1.7 IS 3.1 2.6 

0.50 " 14 0.9 ... 2.2 


Effect of quantity of cement, in % of total dry materia!.* 
I'dastic modulus, E, in millions of poun<ls per square inch. 


1 With J8c and J8t. 

With C8 and CG 

1 With JSc and CG 

8 10 

12.5 

15 

8.5 10.6 13.25 15.9 

10.2 12.75 

15.3 

1.8 2.1 

2.3 

4,7 

2 3 3.9 3.7 4.3 

3.5 3.8 

3.6 


71. Richard L. Humphrey, U. 8. G S Bull, No. 324, '07. Report 
on Han Francisco fire of Apr 18, ’06. 

Results. 

71 a. Cone probably the best material for fireproofing cols. Its 
stifTnoss supports the steel within, softened by the heat. 

71 h. “ C'oiic proved superior to hrick as a fireproofing medium.” 

71 c. At high temps, cone loses its water of crystallization. 

71 d. Cone, especially when reinfd, resisted both earthquake and 
fire. The cone dam, at San Mateo, altho within a few hundred yds of 
the fault, was uninjured. 8olid cone floors, altho of very poor quality, 
proved satisfactory The cinder cone used, in floors and elsewhere, 
was high in sulfides, and injurious to reinfmt. 


72. W’m. B. Fuller, Natl Assn of Cera Users, Procs, ’07, pp 95-7. 

firadingr and proportions. 

72 a. Tests of 6 beams, 6" square, 6 ft long; 1 cem to 8 of sand and stone; 
rupture moduli in lb.s/[J"- 1 • 2 . 6, 319; 1:3:5, 285; 1:4:4, 209; 
1 5:3,151; 1 : 6 ; 2, 102; 1 : 8 : 0, 41. 

72 h. With a given percentage of cem, the densest mixture of sand 
and agg gives the strongest, the least viermeable and therefore the most 
durable cone, ami that which works most easily and therefore best fills up 
voids and corners. 


7» 

73. Commission dn clmeiit arm6, Paris, ’07. 

73 a. Hhrinkaire and expansion. Cone shrinks while liardening 
in air, and expands under water. 

* Material, larger than 0.2" diam (abt 62 to 68 % of total) graded in 
accordance with the recommendations of the authors. See Plain Concrete, 
m 23 to 25, p 1257. 
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70 f. The trap and cinder cone specimens remained Nonnd, while 
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owing to high cxpanNion coeflf of (luartz, and to the fact that this coeff 
in one direction, is double that in the perp direction. 
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Fig 8. Thermal Conductivity. 

70 g. Thermal conductivity, '07, p 404. Figs 7 and 8. 

NpecimenH. Cone blocks, with holes as in Fig 7. Dimensions in inches. 
Thermo couple in each hole. Mixtuie as in 70 a. 

Treatment. Specimens in molds 24 hrs, in water 48 hrs, kept moist 
2 or 3 wks, allowed to dry well. Age, at test, about 2 raos. Blocks placed 
in furnace doorway. 

ResnltH. Fig 8 shows, for one of the trap rone sjiecimens, the f lines, 
in mins, reqd to tranMiiiit the fiirnuee teni|»H thru diff thicknesses 
of cone. F^ach curve is marked with this thickness in ins. Drop of curveSi 
at and near 200® F, attributed to Mtcam generation. 
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Louis, 80 to 95 Ibs/cu ft, passing IJ^" screen; abt half the stones larger than 
r, about one-tenth of the stones less thanj^"; voids 42 to 48 %. Voids, 
in 3 sand + 5 agg, 16 to 19 %. 

Treatment. Comp specimens left in molds in air 1 day, beams 2 ds; 
then all in water 2 wks; then in air, protected from drafts, until tested. 

Comp specimens, 1 mo and 1 yr old, loaded 4 to 8 times per min; beams, 
1 mo, 6 mos and 1 yr, loaded 2 to 4 times per min. 

Reenlto. Effect of rate of repetition insignificant; but be- 
lieved to increase rapidly with rates above 10 per rain. 



^No. of Thousands of Ropoiiiions necasary to produce failure. 


Fig; 9. Fatigue. 

Fatiipue. The curve. Fig 9, fairly represents the results obtained under 
these varying conditions. 

76 0 . Cone, repeatpflly stressed, below the fatigue limit (i. e., below about 
half max atrgth, see Fig) “has imparted to it a definite elastic limit, 
within which stresses are proportional to strains" (i. e., within which the 
olantic moduliiti, E, is constant). 

76 d. Fatig:ae and Adhcfiion. 

Specimens. Plain square steel bars imbedded in cone as above. 
Specimens made with great care and very thoroly tamped. 

Treatment. In molds 2 days, in water 7 ds, in air 3 wks. 30 fatigue 
specimens subjected to “a combined blow, pressure and the accompanyi^ 
vibration”; 150 blows per m4n, each blow — 740 iiich-lbs. Av, 50,000 
blows to each specimen. 

Ileanlts. Av initial adhesion, 125 Ibs/n'' of imbedded surf; friction 
(after slip) 90 Ibs/U'. Enfatigued apecimeim, 150 and 100 Ibs/D" 
resjiectively. 

76 e. Fatiene under continued load, p 318. 2 cone pris^ 
remained unaffected for a monthunder 90 % of their crushing strgth. -4. 
few cone blocks failed in comp in a few hours under amstant pres of higher 
%” A reinfd cono beam failed in 10 mos under 90 % of its breakg load. 


77 

77. Henry S. Spackman. Assn Am Port Cem Mfrs, New York, 
07, Dec. 

77 a. Hortar regronnd after hardening. 

Briquets of Port cem, broken in testing. Reground and m^e into 
new briquets. These showed, in general, about half the tenulle 
Mtrengths of the original briquets. Of the original cem,. 91 .5 % past a 
No. 100 sieve, 76.2 % past No. 200. The regrouud material had abt the 
same fineness. 

78. R. Feret, A S C E, Trans, ’07, Dec, Vol 59, p 152. 

78a. Permeability. “Experiment give in general uncer- 
tain retinltfi. It is not unusual to see many blocks of the same cone 


47 C 10 
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vhich, altho treatevl in an identical manner, permit very diff quantities of 
water to filter thru them.” 

78 b. Age of block, days 5 29 30 365 

Flow, in Krams/mm per Ib/Ll* 

Pres from 71 to 284 Ibs/a"; Avne 0.554 0.044 0.159 0.294 

After remaining under 284 Ib/U* 2 hra 0.349 0.034 0.133 0.278 

78c. Percolation ‘‘very nearly proportional to pressnre." 

78 d. » blocks, 1 year old. Block ABC 

Flow, in gram.s/min per Ib/Q" 

At 284 lb /sq in 0.007 0.111 0.108 

Raised to 41 2 lb/ I*' 0 077 0.114 0.126 

Reduced to 284 Ib/rj" 0 008 0.114 0.111 

“as if the effect of the momentary increase of pres had been to open new 
passages for the water, or partly to clear out the passages alreatly existing.” 

79 

79. Win. D. Fuller and S. E. Thompson, A S C E, Trans, '07, 
Dec, Vol. 69, p 67. 

Ktreni^th, density and permeability, as affected by propor- 
tlonft and character of Hand and afiirg:. Expts at Jerome Park 
Reservoir, New York. 

79 a. Speciiiieiis. ]*ort cem, as received for use on the reservoir; 
agg (1) stone and scrtieniuga from crushers at reservoir, mica schist, 35% 
mica, wliich, in mortar or cone, “does not form planes which affect the strgth 
seriously.” (2) Cowe Bay gravel and sand, areilged from river (‘‘water- 
worn roundwl b.mk gravel and sand, thoroly clean, and consisting almost 
entirely of quartz particles.” Sp gr abt 2.65). Max size of stone, 2^", 



Tests were made with “ mix ” (proportions giving max density; 

of agg) and ** natnral mix *’ (1 : 2.5 : 6.5, 1:3:6, 1 : 3.5 : 5.5). 

Rcsalto. 


79 b. Nise of aiggrrcFatc; strengrth and density. 


Max stone size, inches 

Relatiye strengtli. 

Compression 

Transverse. 

Cem rood for equal strgth, relative 
Relative oenslty 


2 ^ 

1.00 

1.00 

1.00 

1.00 


1 

0.83 

0.91 

1.17 

0.96 


H 

0.72 

0.75 

1.32 

0.93 
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79 c. Kind of aitrgrrcipate. band vs screenlnfpi. Relative 
streagths and densities. 

Comp strgth Transv strgth Density 

Sand and stone 100 100 100 

“ “ gravel 94 S9 102 

Screenings and stone 67 85 98 

79 d. Graded mix gave density = 1.14 X density with natural mix; 
for equal strgth, graded mix reqd 0.88 X the cem reqd with nat mix. 

(This means an av savingr of about 25 cts per en yd of cone. Allen 
llazen, Trans, A S C E, Vol .59, p. 150, Dec, ’07.) 

79 e. An excess of fine or of medium sand, or a deficiency of fine .sand 
in a lean cone, diminishes strgth and density. 

79 f. btreni^th and density max when mortar just fills void.«. 

79 ii;. Permeability. See Fig 10. “ Little is known of the action of 
cone in resisting the flow of water.” As betwn “diff proportions and diff 
sizes of the same class of materials, the laws of watertightness are somewhat 
similar to those of strgth.” With given percentage of cem, the densest 
specimens are usually most watertig;lit. With equal densities, the 
richest specimens are most watertl|yi;ht (See Fig). The ratios, how- 
ever, are very qiff from those of either density or strgth, a slight diff in the 
composition producing a great effect upon the watertightness. “Diflf 
kinds of ai^ic produce very diff results in watertightness.” Fig shows 
effect of pressure upon permeability. 

79 h. Cone with .Terome Park stone and screenings gave very much 
higher rates of percolation thruout (max, 369 grams per min) than that 
with Cowe Bay sand and gravel. Cone with stone and sand gave about 
half the rates shown in Fig 10. 

79 1. Permeability is sometimes greater with larg^e and sometimes 
with small stones. Results especially erratic with the Jerome Park 
reservoir broken stone and screenings. 

79 J. “ Permeability decreases materially with aipe ; ” increases much 
more rapidly than the thiekiiess' of the cone decreases, 

less with sand and gravel than with stone and screenings; 

«l •• M 4. .1 41 44 44 .4 . 

” ” ” ” stone '* '* " ■' screenings ; 


80 

80. Rlcbd H. Gaines, New York Board of Water Supply, A S C E, 
Trans, Vol 59, '07, Dec,i>.159. 

80 a. Permeability and streng^th; Clay and alum. 

bpeclmens. Mortar, 1 : 3, Portland, Cowe Bay sand. Tensile tests 
on standard briquets; comp and tensile tests on 2" cubes. Age of specimens, 
28 to 30 days. Pressures, 40 and 80 Ibs/G'^. 

Results. (1) Replacing the mixing water with a 2.5 to 5 % (1 to 2 % 
sufficient) alum solution gave nearly complete Impermeability. 

(2) Replacing 6 to 10 % of the sand with dried and nnely ground clay, and 
(3) combining (1) and (2), gave still better results. 

The clay sMcimens (with and without alum) showed from 12 to 18 % gain 
in strenf^tn over those without clay. 

The process is based upon a theory of physico-chemical action 
between ions of the electrolyte (alum) and the colloid (glue-like) molecules 
of the clay. 

None of the processes hitherto In use, and examined, were found 
suitable for extensive use. 

blaked lime slightly decreases permeability, but this advantage 
is more than offset by loss of stren(pih. There is no chemical reason why 
this should be otherwise. 
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81 

81. Prof E. Mdrsch, Zurich; forWayss and Frey tag A..-G,, Neustadt. 
“Der Eisenbetonbau,” Stuttgart, Konrad Wittwer, '08, to which the pages 
given refer. 

81a. Elastic relations, pp 27-32. Specimens; Stiuare prisms; 
measured length, 35 cm (1 3 H"). 1 part Mannheim Port cem, ynthS paris 

of a mixture of Rliine sand and gravel consisting of 3 parts sand, 

2 parts gravel, 5-20 mm. (0.197"-0.78"). Water, 14 %. Each stress rnain- 
talned 3 mins. Some of the specimens tested in tension; the others in comp. 



Deformation, in millionths of original length. 



Fi{i; 12. Elastic Modulus. 


Results. Unit stresses and stretches as in Fig 11. Ult teii' 
•ions, Ibs/D" : 3 mos, 149; 2 yrs, 224. 

Elastic Modulus, E, See< Fig 12. 

With mix 1:4, for a given stress in como. E was in general from lo 
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to 20 % less than with 1:3. In tension, E was more nearly the same foi 
both mixes. 

With water 8 %, for a given stress, E was in general from 10 to 20 % 
higher than with water 14 %. 

81b. Nliear. Pig 1.3. Dimensions in centimeters. Prisms, IS cm 
square, 40 cm long, p 40. Mixture of sand and gravel as in J’jxpt 81 a. 



Fig IS. Shear. 


Plain. Specimen first cracked, as beam, at a. 
shearing crack, b, appeared. 


No. of 


Pres then increased until 
Hit av shear, Ibs/Q"* 


Mix 

Water % 

Age 

Spiecimens 

Observed 

Calculatedt 

1 :3 

14 

2 yr 

3 

936 

980 

1 :4 

14 

1.5 m 

3 

530 

550 


Reinforced. The bars (1 cm diam) served merely to hold the speci* 
mens together, so that the pres could be increased as desired. The cone 
sheared first. 

Hit Av shear, Ibs/Q^' 

No of c 

Mix Water % Age specimens Concrete Steel 


1:4 14 1.5 m 2 522 46400 

1:4 14 1.5 m 3 484 50800 


81 c. Torsion, p 45. Mix, 1 : 4. 4 solid cylinders, 79 to 98 
days old; 26 cm diam; length under exp, 34 cm. Hexagonal heads. M 
torsional moment; R “ radius of cyl; 
t = torsional stress in extreme fibers (see p 5(X), this book) =2 M/vR^ 
i, in Ibs/LI^^ max, 275; mean, 243; min, 189. 

3 hollow cyls, as above, 52 to 55 days okl; inner diam abt 15 cm; 
r inner radius. 


t ^ 2Af Rh{Ri — r*), 

i, in Ibs/D": max, 134; mean, 126; min, 112. 

The much higher unit sti^ength of the solid cylinders as 

given by the formulas, is attributed partly to their somewhat greater a|jge, 
but chiefly to the increase in unit stress from the circumf inward, owi|^ 
to which the material near the center transmits more than its share of the 
torsional stress, and thus relieves the outer portions. 

* « total force applied + area of one shearing surf, 
t From ult tensile strgth, «, and ult corap strgth, c, of test pieces of same 
mix and age, and formula, shear - te. 
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Deformation, in millionths of original length. 
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p 


P 




1 *— T 


S — 

i— 

TT~1 


Kxr 

80 


3] 

1 

ilO 

._u 

• • 


^ - 200 - ^ 


Fig 16. Ductility. 


Results. Stretch per unit of length at instant of hrst cracking of cone: 

Cone, under 
Steel tension, max 


Bars 10 mm (0.39") diam 0.4 % 0.00042 

“ IG “ (0.63") “ = 1.0% 0.00033 

“ 22 “ (0.86") " - 1.9 % 0.00030 


0.00050 

0.00040 

0.00038 


81 g. Steel and concrete stresses, p 97. 
Specimens. Flat reinforced beams. Fig 17. 



Bendg mom constant betw loads. MU 1 ; 4. Length, 2.2 m; span 2 m. 
Results. Failed by crushing of cone near and betw the 2 loads. 


Steel, 10 mm diam. „ , , , • 

Unit stresses, «, in steel, and^ c, in cone, in Ibs/i , deduced under 
the assumption of n — “ ^•5* 

.\fter appearance 

of first cracks At rupture 


Age 

3 beams A Fig 17 13 mo 

3 “ B " 17 13 “ 

3 " A “ 17 2 " 

3 " B “ 17 2 “ 


Steel 



8 

c 

8 

c 

22300 

1315 

54000 

3180 

20900 

2250 

39100 

4210 

18600 

1095 

44800 

2630 

17000 

1820 

28000 

3000 



81 h. Shear in beaihs. 1* 

plate with two similarly remra nbs, 
the paper, Der Eisenbetonbau, p 


specimens, each consistins of a flat 
18. Ribs of 2.7 m span normal tc 
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Types of web reinforcement, neglecting slight variations. See 
Pig 19, and 3d col of table below. 



Fig 19 . Shear. 

Stlrrnps : 4th col, table below: a, thruout span; b, in one half of span; 
C, no stirrups. 

Bars: diam in mm; a, 18; b, 16; c, 3 bars l.'S, and 1 bar 18; d, 2 bars 
15, and 2 bars 16. Beam No. 3 had 3 straight Thacher bars, 18 mm diam. 

Ends; 6th col, table below: a, hook; b, plain; c, 3 bars 45®, 1 hooked; 
d, 2 bars bent, 2 hooked; e, 3 bars 45®. 1 plain. 

In No. 2 the webs were 0.28 m wide; in No. 8, 0.10 m; in the others. 
0.14 m. 

.Aj;e, about 3 mos. Heidelberg cem 1 : 4.5 (72 % Rhine sand 0-7 mm; 
28 % gravel, 7-20 mm). 

Resnlts. 

Cracks developed, following, in general, the curves convex ujiward. Fig 20. 
Stresses, in lbs / CJ". 

$ ” tensile, in steel ; c = comp, in cone ; a =* adhesion; v =» shearing, 
at support. 

. g At appearance of 
o ^ d . diagonal cracks 
^ ft ^ which lead to 

■sSSfcg-s 

0 V a a ' ' “ 

PQ H g? « H _ » » V 


g 

1 a 

b 

a 

a 

17900 

123 

149 

540 

29300 

198 

239 

1 


2 a 

b 

a 

a 

34300 

234 

142 

824 

44800 

302 

183 

2 P 

0 

3 a 

b 


b 

19500 

103 

132 

398 

27800 

146 

187 

3 

0 

i 

4 c 

c 

c 

c 

36600 

382 

309 

881 

46300 

476 

384 

4 

*n 

p 

6 d 

b d 

d 

17900 

205 

146 

686 

37000 

418 

299 

5 

p 


6 c 

a 

c 

e 


232 

186 

795 

42000 

432 

348 

6 


« 

1 

7 c 

a 

b 

c 




924 

48600 

448 

318 

7 

2 

a 

<> 

8 d 

b 

b d 

15800 

i52 

152 

676 

34800 

324 

324 

8 

S 

cl 

0 

9 d b 

b d 

22500 

216 

141 

742 

38200 

352 

251 

9 

0 

N 









• 




N 

1 

10 c 

b 

b 

c 




1100 

5.5000 

362 

257 

10 


g d 

c 

b 

d 




1180 

54000 

357 

255 

11 

a 

8 

« 12 c 

c 

b 

e 




1060 

53200 

348 

249 

12 














si 


At rupture 


i -S 

V 0 

CQ ^ 


* The positions of the 2 concentrated loads divided span into 3 equal parts 
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82. Sanford E. Thompson. A S T M, Procs, ’08, Vol 8, p 500. 

82 a. Permeability. Effect of admixture of slacked lime. 
Specimens. Cylindrical blocks, 20" diam, 16" thick; Ijehigh cera, 
good av bank sand, conglomerate rock resembling trap in character; 
soft, mushy mix, such as would be adopted in construction." Pine Cone 
lime from Rockland, Me. Lime stated in % of wt of dry cem. Mixtures 
as follows. 

1:2:4 cone with 0 %, 4 %, 7 % and 10 % lime; 8 % preferred; 

1:2.5:4.5“ " 0 %, 6 %. 10 % " 14% ‘■;12% ; 

1:3:5 " " 0 %. 8 %, 14 % " 20 % “ ; 16 % 

Treatment. Water, under pres, introduced into cen of block. 
Results, 1:2:4 and 1 : 3 : 5, see Fig 21 . 1 : 2.5 : 4 gave results inter- 
mediate betw the other two. 



82 b. Coarser sand requires more lime, and vice versa. 

82 c. If pressure Is to be applied within a month, it 
will lie l>etter to use say 10 %, 15 % ancf20 % respectively, instead of 8 %, 
12 % and 16 % as recommended under Expt 82 a. 

82 d. Jjime paste occupies about 2*4 times the bulk of made vrith 

c<iual wt of I’ort cem, "and is therefore very efficient in vuid nlung. ine 
cost of lariire waterproof work may be reduced by using, 
with lime, a leaner cone than would otherwise be suitable. 


88 

83. Richard L. Humphrey, plain cone beams, cubes and cyhnders, 
cumi) and transv strgths and the elas relations. "The Strgth of Cono 
Hearns," U S G S Bull No. 344, ’08. Tests to determine the effect, upon 
transverse and compressive strength, of (1) age of specimen, 
(2) consistency of mix, (3) character of aggregate. 

88 a. Specimens. Unreinfd cone beams, cubes and cyls. Cem, a mix 
of 9 Port cems. Meramec 11 sand, "composed of flint grains having com- 
paratively smooth surfs." "The granulometric analysis, p 1346, shows the 
8a:id to be rather finer than desirable.” 


Tor Directory to Experiments, see pp 1303-7. 


Properties of sand and oies^ejf»tc» used. 

Meshes per inch of screen S ize of me8h,in 3 

200 100 50 30 10 M H H IH 

8d lbs/ voids Percentaire passing: sieve or screen 
gr cuft % " 


Cinders 1.53 47 

Granite 2.59 95 

Gravel 2.45 102 

Limestone 2.40 08 

Sand 2.60 101 


2 84 4.17 6.5 10.5 21.1 37 60 81 100 

1 59 2 29 3.2 4.4 8.5 20 58 99 100 

0 0 0 0 1.0 43 79 95 100 

2 96 3.48 4 2 5.2 1 0.7 20 61 96 100 

tnd -J.OU lUL 0.20 1.30 13.0 61.0*07.0 100 

Prouortions. 1 : 2 ; 4, by vol, evcept the cinder cone, which was nearer 

1:2:5. All cone mix^ in a mortar-driven cu-vd mixer equipped with 
charging hopper. Mixed 2 mins dry, 3 mins wet then 
floor; shoveled into barrows and wheeled to molding floor. 
sufficient for 2 beams. 8" XU". 12 ft span, two b" cube.s and 2 cyls, 8 dia, 
16" long. , , , 

“Wet:” smooth and .somewhat viscous immedy before durnping. 
Flows back from ascending side of mixer without tendency 
When dumped, shows neither voids nor individual stones. Splashes v hen 
tamped When fimshed, water stands to deep over surf of mold. 

“ Medium ” : smooth, but tending to lump. _ Flow.s 
“wet,” part flowing back smoothly and part breaking over i a lunips. When 
dumped, looks somewhat lumpy, showing stones, but no voids. 
3rcoated with mortar. No water collects on surf in mold. Surf 
easily finished with trowel. ■ j * + 

“Damp”; granular. But little tendency to lump, * Vo/* 

of mixer on ascending side; falls in individual stones and fragments "f 

When dumped, Vows stones and voids. Heists t amping Compacts 
under hand tamping. Cannot be hnished smooth with trowel. 

Cone placed in oiled steel molds, in 3 nearly ©^ual layers, and hamC 
tamped. ‘‘Great care was taken to tamp all the cones in the same manner. 

Treatment. All molds were removed at end of 24 hrs, and pieces trans- 
ferred to moist room. Sprinkled 3 times daily. 

The beams were so supported, just prior to test, that the sums of 
and str^f tTen SSig in the' measd length, were equa ized, so that all 
fiberrS^at len^h, then ha<l same length as when unstressed and the 
deformations, within the measd length, were thus measd from zero. 



Flir 22. 


*'0 0.6- 1.0 u *.0 16 

ijQOO X Jfeformation per unit of length. 
Stress-stretch curves for different aggregate!. 


Desalts. . 

Stretches and comp stresses as in Fig. 22. Medium consistency. Age, 20 
weeks. 
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Ntreni^tta of Concrete. 

ReHultiy in general, averages of 3 specimens. 

Beams. 

8" X 1 1", 12 ft span Max comp strgth, Ibs/Q' 


Cylinders 

Neut Rupt modt 6 in cubes 8"dia, IG^long 
Water axis* » / » < ’ > 



% 

100 m 4 wks 26 wks 

4 wks 

26 wks 

4 wks 

26 wks 

Cinder 





* 



Wet ... 

...21 9 

43.3 

175 

246 

1,256 

2,320 

1,081 

2,021 

Medm . . 

.. .20.6 

39.9 

198 

277 

1,191 

2,765 

1,201 

2.203 

Damp . . 

...18.9 

38.2 

198 

250 

1,378 

2,488 

1,118 

1,945 

Granite 

Wet. ... 

... 9.0 

40.9 

375 

539 

3,156 

4,753 

2,683 

3,966; 

.Medm . . 

... 8.3 

47.2 

475 

666 

4,089 

4,949 

3,480 

3,972: : 

Damp . . 

... 7.0 

48,3 

499 

618 

4,518 

5,465 

4,000 

3,969:: 

Gravel 

Wet ... . 

... 9.7 

49.9 

391 

435 

2,299 

3,814 

2060 

3,486 

.Medm . . 

... 8.9 

48.4 

451 

520 

3,547 

4,808 

2,961 

3,972t 

Damp .... 7.9 

liiniestone 

47.5 

426 

496 

4,612 

4,884 

3,407 

3,969i 

Wet. .. 

. . .10.9 

48.8 

422 

507 

5,141 

3,460 

3,072 

3,216 

Medm . . 

...10.0 

50.7 

458 

566 

2,975 

3,896 

2,910 

3,691 

Damp . . 

... 8.5 

48.1 

537 

580 

84 — 

4,367 

5.025 

2,894 

3,942t 

84. R. G. 

Clark, 

Inst C E, Proc-s, Vol 171, ’08, p 115. 




Mia. Time of seteinK increase<l by aeration and by addition 
of agg* A cem, which, neat, sets m an hr, will make a cone requiring 
4 or 5 hrs to set. 


85 


85. Hantech and Npitzer, Morsch, Der Eisenbetonbau, ’08, pp 
32-33. 

85a. Rupture modulus, Q M /hd^, and direct compreHMive 
and tensile atren^th. 


Npeeimena. 

Cone, 1 : 3.5. Six plates, 268 days old, 60 cm (24") wide, 7.8 to 11 cm 
(3 to 4.5") thick; span, 150 cm (60"). 

Treatment. Plate broken transversely; comp and tension test piecet 
matle from the fragments. 

Results. Stresses in lbs / 


max . . 
mean '. 
min. , . 


Rupture modulus compression tension 

775 5000 412 

682 4.380 356 

614 3640 284 


Comparison of the values for tension with the rupture modulus shows that 
the formula, rupture mod =» 6 A/ / bd*, isnot applicable to materials in 
which, as in cone, the elas mod varies widely, and that the rupture moduli, 
obtained by means of the formula, are to be used only as a means of compari- 


son. 


86 

86. Richard L. Humphrey and Win. Jordan, Jr„ U S Q S, 

Bull No. 331, ’08. Results of Tests mtwie at the Structural-Materials Test- 
ing Laboratories, St. Louis, '06-7. 

86 a. Gravel screen Injpi. In general the tensPe and comp strgth* 
of mortars seem to increase with density of screenings. 


*m =» (depth of neut ax below top of beam) -4- (total depth of beam), 
t “Rupture modulus ” — ^ M / b d \ lbs / Af =■ moment under ma? 
load. 

t Cylinder did not break. 
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86 b. Stone screeninf?8. In general, strgth of mortar was greatest with 
screenings most nearly uniform in grading. The iitroii]gth of the stone 
itself, from which the screenings are derived, has an important bearing on 
the strgth of the resulting mortar. 

86 c. Density of mortars is greatest with densest sand. 

86 d. 8and mortars. Tensile, compressive and transverse strenigths 
were invariably much ijreater with dense sands than with those 
having a larger percentage of voids. 

86 e. Greatest strgth obtained when sand is uniformly graded. 

86 f. A^Uyplcal mix’' of 7 Port ceraa, like* the separate brands, 
reached max tensile strength in 90 days. Like the best of these, it 
maintained this max to 180 ds, and its subse(iuent loss, at one yr and later, 
was no greater than for the best of the separate brands. 

86 g;. Age of briquet. Tests after 180 days showeil greater uni- 
formity than at 90 days and shorter periods. 

86 h. After the 180 and .360 day tests, the strgths of all the sand mortars 
were reasonably close to one another, showing that considerable variation 
in early strength does not seriously affect the later Mtren^cth. 



Fljg 23. 



861. Tennlle and CompreNNlve Ntrengtho of Portland 
Cement Idortara, neat and 1 : 3 stamlard Ottawa sand. See Figs 23 and 
24. Each curve represents an av of 10 testa. 





EXPERIMENT AND PRACTICE. 


1349 


For abbreTiatioos, symbols and references, see p 1251. 


Np^ecimens. The cem was a mixture of equal parts of 7 diff brands. 
See Expts 86 f, 86 g and 86 h. 

Test pieces, in molds, stored in moist closet 24 hrs; then kept in running 
water, abt 70° F, until tested. Tension briquets 1 sq inch section. Com- 
pression specimens, 2" cubes. 

ItfHiultfi as in Figs 23 and 24. 

87 

87. W. N. WilliH, South & Western R. R. E R, ’08, Jan 18; 
E N, ’08, Feb 6, p 14.5. 

87a. Mi€‘a; water required; ^tren^th. 

NpecimenN. 

Sieve No 10 20 50 100 

% of mica passing, 100 29 10 4.5 

Sand, Ottawa standd. Mortar 1 : 3 sand, or 1 : 3 sand and mica by wt. 

ReNUltH. 

Idiea; % of weight of sand 0 5 10 15 20 

Void8, % in Ottawa sand 37 67 

Relative Mp g;r of Ottawa sand 100 80 

Mlxin;? Water required; relative . 100 300 

Tensile strength, 6 mos, relative . 100 64 62 59 40 

The smoothness of surf of the mica particles renders their adhesion low,* 


88, Prof J. li. Van Ornnin, Washington Univ, St. I^ouis; for 
Reinforced Concrete Constr Co., St. Louis. E N, ’08, Feb 6, p. 142. 

88 a. Adhesion. ^ 

Specimens. Plain round steel rods, diams, ^ to 1 imbetlded in 
12” X 12” prismatic blocks of 1 : 2 : 4 cone, 90 days old. Medium steel rods 
imbedded 25 diams; high carbon steel rods, 40 diams. 

Results. See table below, in which. 

for Steel ; . « 

s == lilt strgth, in thousands of Ibs/l 1 ; 

8 , == Elastic limit, in thousands of Ibs/D”; 
e = Elongation, 

E — Elastic mod, in millions of Ibs/D , 
for Steel and concrete: 
a = Area of imbedded surf, 
li = Adhesion, lbs /n" ofcq 
F - Fnction after slipping, Ibs/D . 

Steel Steel and Cone. 


8 


e 

E 

60 9 

40.5 

29.0 

29.9 

58.6 

39.1 

26.1 

■29.5 

55.6 

38.4 

22.5 

28.6 

109.6 

60.7 

20.7 

30.6 

92.6 

.56.1 

17.6 

29.8 

83.9 

53.1 

15.7 

28.9 


.58.6 39.1 26.1 '29.0 62.1 u.ooo 

55.6 38.4 22.5 28.6 21.7 370 310 0.838 

109.6 60.7 20.7 30.6 198.3 470 280 0.596 

92.6 .56.1 17.6 29.8 92.1 392 240 0.613 

Min'. 83.9 53.1 15.7 28.9 32.7 330 200 0.606 

In all cases, the total pull yhich iivercame the adhesion exceeded that 
which brought the steel to its elas Um. 


92.1 392 240 0.613 

32.7 330 200 0.606 


Reed. Engrs’ Club of Phila., Procs, Vol 25, No 3, p 290, 

’08, Jul. ‘ * , „ . m m 

89 a. Friction of sand. Exp by More and Hams Tabor. Top 
pree, Ibs/Q”, reqd to give iO Ibs/Q' at bottom of box. 
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For Dlreetory to Experiments, see PP 1803-7. 

Depth of sand, ins 



2.5 '5 7.5 

10 

Box 

Top pressure, Ibs/U” 


4” X 4” 

12.5 17.5 34 

42 

6” X 6” 

11.5 . . . 

26 


89b. Fuslnci: point of qnartz sands. Exp by Prof Heinrich 
Ries, Cornell Univ. 3254® F. 


90 

90. Eng^ News. ’08, Aug 27, p. 238. 

90a. Sea water. Charlestown, Maas, Navy Yard. 

Nonreinforced archm. built '01, by Bureau of Yards and Docks 
Tidal salt water, not highly pollute, but often freeslna ; range of 
tide 10 ft. Sperification called for “continuous construction from pier to 
pier of the arcn rings.” 3^ mortar face, 1:1, Mass cone 1 : 2 : 4 for 2 ft 
back from face, 1:3: 6 interior; “a standd cem and a local gravel.” 
Probably porous. No special effort toward density or waterproohng. Sjiecfn 
provided: “The contractor rau.st furnish satisfactory evidence of the dura- 
bility in sea water of the brand of cem he proposes to furnish.” The show- 
ing spandrel walla weie built after completion of arch ring. Dry, well- 
tamped. Serious disintegration. Damage mainly betw H W and L W. 
Cone backing considerably affected. 

91 

91. F. Jam€H» Nictaolaz, Melbourne, Victoria. E N, ’08, Dec 24, 
p710. 

91 a. Electrolysis in cement mortars. 

Sweeimenz. 16cylinders, S^diam, S^high. Standd Port cem ; coarse 
Fand, voids 51 %. Mortar tamped in 1 layers until a little water flushed 
to surf. Positive electrode, normally a V steel pipe, 12” long, lower end 
corked, immersed, in axis of cyl, to depth of 6” in cone. 

Treatment. Cyls set in fresh water < 28 days. 8 cyls tested with 
eonstant current of about 0.1 ampere; 5 with constant potential 
of about 115 volts (higher currents, one with reversed current); 3 not sub- 
jected to current. For current, cyls placed in 3 % salt solution in separate 
metal pails (which normally formed the negative electrodes), and con- 
nected in series. Cyls from 29 to 57 days old at beginning of test. 

Resnlta. 

All cylinders, under current, cracked. Cracks attributed to accumu- 
lation and pres of liberated gases. Cracks at first hair-like, exuding mob- 
ture, which dampened adjacent surf. Cracks widened under continued 
current. With constant current, cracks appeared when resbtance reached 
max. Resistance in general inversely proportional to percentagre of 
sand. Cyls Nos 1 and 2 easily pried open. In Nos 2 and 9, steel pipe 
was rusted and pitted on outside, adjacent to crack. With (const 
potential) reversed current (No 12), no rust or pitting. 

Cyls not subjwted to current were not cracked. They read 
about 20 blows, with heavy hammer and cold chisel, to break them. No 
rust. 




Constant Current, 0.1 ampfere 
No of Specimen. 


Constant Potential, 

1 1 5 volts 

No of Specimen. 

1 

2 

9 

10 

13 

14 

5 

6 

3 

11 

12 

16 

7 

Mix 

1:3 

1:3 

1 :1 

1 :1 


l:K 

i:cr 

!l:0 

1:3 

11 

1:1 


1:0 

Sand,%, . 

76 I 

75 

50 

50 

25 

2,< 

0 

; 0 

76 

50 

60 

25 

0 

Days’*' .. 

7 

7 

10 

16 

16 

15 

28 

15 






Mins* . , . 







6 

19 

20 

9 

9 

Ohmst . . 

‘so 1 

9d 

420 

270 

230 

270 


iciso 

120 

130 

240 

163 

190 


1 















♦ To first crack. t Approximate maximum reristanoe. 
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»«• p xa6\. 


92 


.. 11 •' of [.afavette. /nJ. Utter in E N. m. Dec 31, p. 75t. 

r;„ riav In cone tor ro\8, Rtave\ c.mlameiV 5 % day, v»hieh f\oat«l 
..“"“m C&nn and Veit 1 W ot wottWea, material near Vnp lA r,u\. 


9». \. Ct. Campbell, Ogden, \3tah. E , ’08, Dec ?>!, p 751. 

93 a. Oradiiif? and Impermeability. Finlfth. 2 million 
Ral rectangular reinfd cone water tank, 20 ft deep. Floor, 6" thick; walls 
S to Ifi". 1 cem, 2 ordinary sand, 4 stone (quartiite boulders, porphyry 
and flinty limestone) crush^ to V, with dust; “a heavy percentage of 
crushed dust and sand” ; machine mixt; “consistency that would almost 
pour.” Floor laid in blocks about 15 ft sq, “allowing a half-lap of 2 ft;” 
walls in continuous 20" layers. Finish of 1 : 1 cem and crusher dust, 
applied with ordinary broom trimmed short. Clear water. No perceptible 
checking in surf. Apparently no seepage. 


94 

94. John C. Trautwine, Jr. ’09. 

94 a. Denalty of aand : ahape of iprain. 100 measures of rounded 
sand grains, or of angular crushed quartz grains, poured very slowly into 
t>0 measures of water. Exps Nos 1 and 2 were made with sand grains; Nos 
3 and 4 with crushed quartz grains. The left side of each diagram, Fig 25, 
represents the bottom of the vessel; and the numerals, 94, 121, etc., snow 
the elevations of the surfs of sand and of water respectively, after the sand 
grains had been poured into the water. 



Elevation of sand and water aurf aces above bottom of veaael. 

Fiff 25. 

In No 4, the crushed quartz, in the water, was stirred, from time to time, 
during the pouring, in order to liberate any air wliich, in spite of the slowness 
of pouring, might have been carriwi into the water with the sand grains. 
The fact that the water stands at practicaliy the same ht in 4 as in 3, indi- 
cates that no more air was carritwl down in 3 than in 4, and that the stirring 
merely brought the grains into closer contact than when left to themselves. 
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DIGEST OF SPE€IFICATIO]¥S, ETC. 

FOR GENERAL CONCRETE WORK, 

^ Pages ISM to 1369. 

LISTS OF SPECIFICATIONS, ETC, CSEII. 


AlphabelJeal Litil. 

See ClaasiSed List, p 1353, 

(For additional abbreviations, see also p 1251.) 

AH, Algoma Harbor, Wis., Caisson breakwater, etc, U, S, Engrs, '08, 
Jan 24. 

BB, Breakwater, Buffalo, N. Y., Emile Low, U. S. Engrs A S 0 E, Trans 
'04, Jun, Vol 52, p 73. 

BR, Black Rock Harbor and Channel, Buffalo, N. Y. Shi}) lock walla 
U. S. Engrs, '07, Dec 19. 

Bn, Burlington, Vt., Mechanical filter plant, liering and Fuller, '07. 

Ch, Chicago, '08; proposed amendments to Building Code of '05-6. 

Cl, Cincinnati, 0, Geo. H. Benrenberg; 

a. Filters, etc, '05; b. Head-house, etc, '06. 

Co, Columbus, 0, John H. Gregory; 

a. Filters, etc, '05; b. Pumping station and intake, '06. 

CB, Columbia River impvmts, Ore. and Wash., Canal. U. S. Engrs, '08, 
Aug 1. 

CS, Concrete-Steel Engineering Co., Edwin Thacher, genl speefus; Melan, 
Thacher and von Emperger patents, '03. 

P, Wm. B. Fuller, Filters, specification received, '08. 

FP, Pensacola, ITia., repair and protection of sea walls. XT. S. Engrs, 08, 
Apr 18. 

FW, Fort Williams, Me., Wharf, Ship Cove. U. S. Engrs, '08, April 14. 

G, General practice. 

Hb, Harrisonburg, La., Lock and dam No. 2. TJ. S. Engrs, '08, May 13. 

IM, Illinois & Mississippi Canal, Locks, Eastern Section. U. S. Engrs, Jas. 
C. Long, Western Soc of Engrs^ '01, Apr, Vol 6, No. 2, p 132. 

JTC, Recommendations in Report of Joint Comm of A S C E, A S T M, Am Ry 
Eng & M W Assn, and Assn of Am Port Cem Mfrs, '09, Jan. 

L, Louisville, Ky., Building Ordinance, '07. 

Lp, Liverpool Harbor Improvement, Geo Cecil Kenyon, A S C E, Trans, '04, 
Jun, Vol 52, p 36. 

Lt, Louisville, Ky., Southern Outfall Sewer, '07. 

Me, McCall Ferry dam, Susquehanna River, Pa., '08. 

Mh, Manhattan, Borough of — , Regulations of Bureau of Bldgs, '03, Sep. 

Me, Massachusetts Legislature, Acts and Resolves of the — , '07. 

NO, New Orleans, La., Water Purification Stations, '06„Sep 5. 

NY, New York. Building Code approved '99, Oct 24, with amendments to 
'00, Apr 12. 

OD, Ohio R below Pittsburg, Pa., Dam No. 19, Abutment. U. S. Engrs, 
'08, Jul 25. 

Pb, Philadelphia. Regulations of Bureau of Bldg Inspection, approved 
'07, Oct 8. Engrs’ Club of Phila., Oct '07, Vol 24, No 4. 

BE, Superior Entry, Wis., South Pier, Clarence Coleman, Asst Engr. Report, 
CUef of Engrs, U. 8. A., '04, Part 4, pp 3779, etc. 

TR, Tennessee R, below Chattanooga, Tenn., River wall. IT. S. Engrs, '08, 
May 27. 

TAT, Taylor and Thompson, “Concrete, Plain and Reinforced,” publisht 
by John Wiley and Sons, New York, '05, pp 33-37. 

En, Underwriters, National Board of Fire — , Building Code recommended. 
New York, '07. 

WH, Waddell and Harrington, general specifications, received '07, Dec. 

Wv. Wellsville, 0., Navigation pass. Dam No. 8, near — . U S. Engrs, '08, 
Feb 27. 

To, Yonkers, N. Y., covered masonry filters, '07. 
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Clarified List. 

See Alpliabetical List, p 1352. 

U. S. Govt work. AH, BB, BB, CR, FP, FW, Hb, IM, §E, Wv. 
Breakwaters, AH, B^ SE. 

Sea walls, FF, 8E, TR. 

Sks an^ canals, BR, €R, Hb, IM. 

Harbor improvement, Lp, SB. 

Wharves, FW, Lp. 

Dams, Hb, MC, OD, Wv. 

Pumping stations, etc, Ci b, €o b. 

Filter plants. Bn, Cl a, Co a, F, IfO, Yo. 

Sewers, Lv. 

Bridges, CS. 

Building ccKies, Ch, L, Mb, M», NY, Ph, IJn. 

General, CS, JC, T A T, WH. 


« Outline of 

Subject Paraq. 

Cement 1 

Brand 1 

Requirements 2 

Shipment 3 
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In order to compare intelligently the requirements of diff specfns, the 
character of the work involved must of course be taken into account. 

mOEST. 

Cement. 

1. Brand. Portland or natural. 'SY ; Port just under lower miter sill, 
nat elsewhere in foundations, Port in lock walls except for a backing, 2 ft 
deep, at base, Port and nat bonded together, IM; for reinforced work, 
Portland, W; Am Port, CS, BR, lib, F W ; “Universal” Portland 
cement, N£ : cem made by mfrof established reputaiion (in successful opera- 
tion not less than 2 yrs, F ), brand in continuous successful use (in America, F) 
for the last 5 yrs (3 yrs, CS) G ; in satisfactory use in similar (luantitics by U.S. 
Engr Dept at Lar^, TR; of tried uniformity, in use not less than 3 yrs in 
similar climate, CR, Hb: only one brand to be used, G; except for goofi 
reasons, F ; only one brand in any monolith, FP. Portld in reinfd work and 
where subject to shocks or vibrations or to stresses other than direct comp; 
nat in massive work where weight is more important fhan strgth, and where 
economy is the governing factor; puzzolan only for foundations underground, 
not exposed to air or to runiiiiig water, JC?. 

2. RcqnlremeiitH. For Strouetlis. etc., see Digest of Specfn for 
cem, by A S '1' M, p 940, Report of Hoard of U. S. Engr Officers, Prof'l Papers 
No 28, Corps of Engrs, U.S.A., ’01, p 937, and Digest of Specfn by Engng 
Standards Comm of Great Britain, p 940. For teNtN, see Digest oi 
Specfn of A SC E, p 942. Slow setting, FF? must have been tested < 6 mos, 
> 12 mos, prior to issue of permit, li;mu8t meet requirements of Prof'l 
P^er No, 28, Corps of Engrs, U.S. A., '01, p 940, BR, AH, TR, CB, 
FB^, 'Wv, FP, Hb. 

3. Shipment. Packages to “contain either 380 lbs or some even 
division of 380 lbs,” Et; in cooperage or in cloth bags, NO; bag, 93 lbs 
(94 lbs, C’o) net, bbl “ 4 bags, ; m bbls, lined with paper, CR, WH ; 
in cloth bags, €1; may be delivered in paper bags, Wv. 

4. btoraice at site of work. In weather-tight bldg, with floor raised 
( < 6", T Ac T) above ground, G ; and holding < 2 wks’ supply under av con- 
ditions of work, Cl; cem in bags may be used after 3 mos storage, rejected 
if it becomes lumpy or otherwise deteriorated within that time, BB.; cem, 
kept over winter, re-tested before using, Wv. 

liand. 

5. General. Silica, hard, clean, sharp, G. Reasonably clean, coarse, 
F ; water worn, voids = 35 %, SE. “Sharpne8s”.purpoBely omitted, T dc T. 
River sand, Ci, a. 

6. Nice. Well graded, with fine, medium and coarse grains, F, Ev, 
NO, Co. Coarse, or coarse and fine, mixed, CS, T dr T, Coarse pre- 
dominating; coarse preferred at double or treble cost, T dc T. Medium, 
Cl, a. ].a rgest to pass screen of mesh, G. > 10 % coarser than 
NO ; < 50 % retained on No. 30 sieve (holes 0.022” □),WH. > 40 % to 
pass No. 50 sieve (2500 meshes /□”), Hb. > 3 % very fine, NO, Co, 
Ci, a. > 5 % very fine, Bu. 

Foreitfn matter (clay, loam, sticks). None, CS, T AcT; > 2% 
NO, > 3 %, Co, Ev ; > 5% Wv, OO, TR, CR, Bn. > 10 % clayey, 
All. > 3 % clay, etc, > 2 % micA, FW ; > 4 % free loam, Hb ; sand may 
be moist, not wet, TR ; stored on a board platform, CB ; or in bins, Wv. 

7. Screenlniips. Crusher dust, passing screen, from broken stone, 
may be substituted for part or all of the sand, T T; “screenings & crusht 
stone may be substituted for sand and gravel under special conditions,” 
F; screenings permitted, BK, CB; if passing screen, TR ; screenings 
preferred to sand, AH. * 

Ac^rei^rate (** Ballast’*). 

8. Kind. Sand grit, gravel or broken stone, BB ; gravel or broken stone, 
G; or both, BR; gravel, Ev; (see Screenings); sea-washed gravel, Lp: 
Water-worn pebbles of igneous rock, 8E; clean stone, gravei, Oroken hard 
bricks, terra cotta, furnaee sla^ or hard clean cinders, Vn; broken stone 

d erred, gravel Mnnitted for interior of piers, pedestals and abuts, WU ; 
len stone, AH. 
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9. Requirements. Clean, hard, durable; free from dust, loam, 
clay and perishable matter; washed or screened if reqd, G: approx cubical, 
<\S, All ; free from lone thin pieces, BR, IfO, CS; < 125 Ibs/cu ft, FP; 
< 130 Ibs/cu ft, Hb; voids = 31 %, SE; drenched before using, O; but not 
to carry water, Wv; kept thoroly sprinkled, Ilf, Hb. 

10. Nixes, inches: min, tt; >», FW, Me: max %, fin: 1 

2, iii 234,Hb; 3, NO, €o, €i, a, FP, NE: gravel, 3, F: stone, run of 
crusher, F, Me, AH; 1 to according to grade of work, AH; for 
foundations, 2 ; for superstructure, f<>r beams, cf‘'8 and girders, 1, L; 
gravel, < 90 % over 114, > 10 % sand, II b. 

1 cubic foot of stone, gravel oi sand grit contained 


Agg cu ft lbs cMi ft lbs cu ft lbs 

Stone;., .coarse, 0.63 53.8; fine, 0.33 30.4; dust, 0.11 11 

(Jravel;. . pebbles, j’-s", 0.80 S1.5; sand, 0.20 29.2; 

Sand grit; gravel, ‘ s" to 0.47 47.2; sand, 0.59 59.3; 

BB. 

11. Ntoraj;;e. Stored on wooden platforms, 4’R, Wv ; or in bins, Wv. 

12. Finder concrete. Allowed only fur floors, roofs and fllhng, Mfl. 
Reinfd cinder cone to be used only upon special permit of Inspector of 
Bldgs, L. 

13. “ May be used for all bldgs in which fireproof construction is mandatory 
by this Chapter, or where ordinary coustr, mill coustr or slow burning constr 
mav be us^,” not for cols, piers or walls. Clean, thoroly burnt steam- 
boiler cinders; mix, Port cem, not poorer than 1 : 7. Cinders must pass V 
sq mesh, €ll. 

14. “All other special requirements and methods of calculation for 
reinfd cone as reqd in thi.s Ctiapter shall modify and regulate the use of 
cinder cone in bldgs,” Fh. 

1.5. Earj^e Ntonefi. 

Hard, sound, durable, as large as can be conveniently handled; washed 
clean; placed wet; one dimension < 12"; no dimension less than 4"; no 
stone less than 2" from face.s exposed in finished work, cone joggled into 
place with light rammers, <’o. 

16. > 100 lbs, < 3" from forms or from other large stones. (From 
Speffri for a Soldiers’ Home.) 

17. Permitted in walls > than 18" thick, diam > quarter of the thick- 
ness of wall, vol of stone > one-fifth Vol of wall, Yo. 

18. One-man stones and larger, roughly cubical; long flat pieces to be 
broken or rejected; stones somewhat uniformly scattered thruout the work; 
< 8" apart, < 2 ft from crest or down- stream face; dropped separately 
into bed of wet cone, pounded down if necessarj’; if necessary, cone spaded 
under and around the stones; each stone to be covered with cone before 
other stones are d^osite<l. Use as many stones as possible without violating 
these conditions, Mc. 

19. “Plums.” Stones, from one-man to several tons (sometimes from 
old masonry), aggregating abt 30 % of the finished work < 1 ft from wall 
surf. Set in top layer of cone and so as to form bond with next layer by 
projecting upward into it, Lp. 

20. Proportions, see pp 1254 to 1258. 

MeaNnrement of Ingrreilients. 

SSI. Cem measd ” as if compacted so that .380 lbs of dry Port shall have a 
vol of 3.8 cu ft,” Ev; cem measd loose, FS, WH; 1 bM cem < 93 lb — 1 
cu ft, NO, Fi. Cem measd as packt by mfr, OD, T A T. Sand and 
agg measd as thrown loosely into measuring box, O, All measd loose, CS* 
WH; 100 lbs cem considered to occupy the'tol of 1 cub ft, F. 

Fonoiitency. 

23. In general, “very wet,” NO; water to come to surf with moderate 
ramming, without serious quaking, OD, TR; sufficiently fluid to 
require no ramming, Me; little or no tamping, Hb. 
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In order to compare intelligently the requirements of diff specfns, the 
character of the work involved must of course be taken into account. 

mOEST. 

Cement. 

1. Brand. Portland or natural. 'SY ; Port just under lower miter sill, 
nat elsewhere in foundations, Port in lock walls except for a backing, 2 ft 
deep, at base, Port and nat bonded together, IM; for reinforced work, 
Portland, W; Am Port, CS, BR, lib, F W ; “Universal” Portland 
cement, N£ : cem made by mfrof established reputaiion (in successful opera- 
tion not less than 2 yrs, F ), brand in continuous successful use (in America, F) 
for the last 5 yrs (3 yrs, CS) G ; in satisfactory use in similar (luantitics by U.S. 
Engr Dept at Lar^, TR; of tried uniformity, in use not less than 3 yrs in 
similar climate, CR, Hb: only one brand to be used, G; except for goofi 
reasons, F ; only one brand in any monolith, FP. Portld in reinfd work and 
where subject to shocks or vibrations or to stresses other than direct comp; 
nat in massive work where weight is more important fhan strgth, and where 
economy is the governing factor; puzzolan only for foundations underground, 
not exposed to air or to runiiiiig water, JC?. 

2. RcqnlremeiitH. For Strouetlis. etc., see Digest of Specfn for 
cem, by A S '1' M, p 940, Report of Hoard of U. S. Engr Officers, Prof'l Papers 
No 28, Corps of Engrs, U.S.A., ’01, p 937, and Digest of Specfn by Engng 
Standards Comm of Great Britain, p 940. For teNtN, see Digest oi 
Specfn of A SC E, p 942. Slow setting, FF? must have been tested < 6 mos, 
> 12 mos, prior to issue of permit, li;mu8t meet requirements of Prof'l 
P^er No, 28, Corps of Engrs, U.S. A., '01, p 940, BR, AH, TR, CB, 
FB^, 'Wv, FP, Hb. 

3. Shipment. Packages to “contain either 380 lbs or some even 
division of 380 lbs,” Et; in cooperage or in cloth bags, NO; bag, 93 lbs 
(94 lbs, C’o) net, bbl “ 4 bags, ; m bbls, lined with paper, CR, WH ; 
in cloth bags, €1; may be delivered in paper bags, Wv. 

4. btoraice at site of work. In weather-tight bldg, with floor raised 
( < 6", T Ac T) above ground, G ; and holding < 2 wks’ supply under av con- 
ditions of work, Cl; cem in bags may be used after 3 mos storage, rejected 
if it becomes lumpy or otherwise deteriorated within that time, BB.; cem, 
kept over winter, re-tested before using, Wv. 

liand. 

5. General. Silica, hard, clean, sharp, G. Reasonably clean, coarse, 
F ; water worn, voids = 35 %, SE. “Sharpne8s”.purpoBely omitted, T dc T. 
River sand, Ci, a. 

6. Nice. Well graded, with fine, medium and coarse grains, F, Ev, 
NO, Co. Coarse, or coarse and fine, mixed, CS, T dr T, Coarse pre- 
dominating; coarse preferred at double or treble cost, T dc T. Medium, 
Cl, a. ].a rgest to pass screen of mesh, G. > 10 % coarser than 
NO ; < 50 % retained on No. 30 sieve (holes 0.022” □),WH. > 40 % to 
pass No. 50 sieve (2500 meshes /□”), Hb. > 3 % very fine, NO, Co, 
Ci, a. > 5 % very fine, Bu. 

Foreitfn matter (clay, loam, sticks). None, CS, T AcT; > 2% 
NO, > 3 %, Co, Ev ; > 5% Wv, OO, TR, CR, Bn. > 10 % clayey, 
All. > 3 % clay, etc, > 2 % micA, FW ; > 4 % free loam, Hb ; sand may 
be moist, not wet, TR ; stored on a board platform, CB ; or in bins, Wv. 

7. Screenlniips. Crusher dust, passing screen, from broken stone, 
may be substituted for part or all of the sand, T T; “screenings & crusht 
stone may be substituted for sand and gravel under special conditions,” 
F; screenings permitted, BK, CB; if passing screen, TR ; screenings 
preferred to sand, AH. * 

Ac^rei^rate (** Ballast’*). 

8. Kind. Sand grit, gravel or broken stone, BB ; gravel or broken stone, 
G; or both, BR; gravel, Ev; (see Screenings); sea-washed gravel, Lp: 
Water-worn pebbles of igneous rock, 8E; clean stone, gravei, Oroken hard 
bricks, terra cotta, furnaee sla^ or hard clean cinders, Vn; broken stone 

d erred, gravel Mnnitted for interior of piers, pedestals and abuts, WU ; 
len stone, AH. 
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(2) Stone shoveled upon mixture of cem and sand. In (I) or (^), turn 
3 times, adding water in first turning. 

(3) Mixture of cem and sand made into mortar and spread upon stone. 
Mass of mortar and stone turned twice, T ds T, 

33. In any case, result must be a loose cone of uniform color and appear- 
ance, stones thoroly incorporated into mortar. Consistency uniform thru- 
out, T A T. 

33. “As the gravel box was being filled, the cement was added to it 
gradually, so that, when the gravel box was full, the cement box was 
empty. The box was then removed, and the heap leveled off to a uniform 
thickneas of > 1 ft, and was then mixed by casting backward and forward 
twice,” water added at time of second casting, Lp. 

Forms. 

34. Ijaifeinff. Of well seasoned boards, 2" thick, drest all over, tongued 
and grooveclT Co, b ; 2" X 6" pine, drest On all sides, Mb; boards planm on 
one side and two edges; one edge slightly beveled and placed against the 
square edge of the next plank, Yo; boards preferably 2'* X 6", dressed-and- 
matchetl flooring, WH; forms for exposed faces, of planed lumber, tongued 
and grooved or beveled; wall forms to be braced, and, where possible, to 
have their sides wired together, Cl ; butt joints square, and either on posts 
or reiafd. Mb; joints, snowing spaces, to be filled with stiff clay immedy 
before placing cone, Mb. 

IJNed laipfKTiiig;, if not scarred, may be used again; but, for exposed work, 
must be cleaned and oild, Mb, * 

Pouts. Generally 3" X 8" pine, drest on both edges, of full height of 
wall, > 4 ft apart, Mb. 

Centers and forms to be wet, IM; if reqd, before laying, NO, €i,b; 
or oiled, NO. According to circumstances, forms to be wetted (except in 
freezing weather) or greased with crude oil, before placing cone, T « Ts 
Olid just before use, Mb; painted or odd before re-using, €R; dampend 
just before placing cone and kept damp until work has hardened, TR, Wv. 

For removal of forms, see p 1191. 

33. On up-stream face of dam, molds need be only smooth enough to 
give good substantial work, free from voids. On crest and down-stream 
face, molds must have planed surfs, so as to leave the finished work smooth, 

Re. 


36. Tie rods, left in cone, must not come nearer to cone surf than 2^, 
€R; projecting ends of iron bolts and rods to be cut off smooth and flush 
with cone face, BR, AH ; not chiseled, but sawn or otherwise removed 
without jarring the work, AH; aids for holding molds not to be inserted 
within 4 ft of top of walls, BR ; no bolts, etc, to show in the completed work, 
OD. 


Placing;, Churning; and Ramming;. 

.37. Ni^ht work prolubited in general, TR. Time of placinr; 

cone must be placed within 30 mins after mixing, AH, NO, CT, b; 
> 30 rams “betw wetting the cem and the undisturbed cone in final place,” 
C; before initial set, TR, OB, CR, Wy, FW, Hb, Bn; after mixing, 
mass kept in motion until placed in vehicle for transportation, TR. No 
relemperliig; or rehandling permitted, TR, CR. NO, Bn, Co, Ci,b, 
•IC. Cone, in which the materials have separateil, must be remixt (by 
hand mixing, BR, AIIT): before laying, T & T. 


Ranipiilalion. In very wet cone, air must be churned out, stones 
workt back from face, and cone workt. under rods, etc., O ; by means of 
thm steel or iron blaxles, about 4'' X 6", with handies of adjustable len^h, 
so that workmen need not stand in cone, NO, Ci,b. Cone to be joggled 
or worked into iilace by light ramming, Bu, Co; ram until mortw comes 
to surface, AH, BR; until all voidsare filled and wat^ flushes to the surf, 
CS; one tamper to not more than 2 cu yds per hr, BR; rammers with 
staking area not less than 36rT. weigbng not more^than 10 lbs, Co; 
face fi* sq, weight, with handle, about 20 lbs, CR ; 30-lb iro^hod rammers, 
face area not more than SOQ’, IM; 40-Ib rammers, SB; cone placed 
without ramming, FP. 
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38. Dry cone moistenil by sprinkling, not pouring, CB. 

39. Cone must be continuously worked around reinfmt, with 
uitable tools, as put m place. Complete filling of forms, and subsequent 
uddhng, prohibited. Partly set cone must not be subjected to shocks, Fh. 

40. Placing, in layers. Care taken to remove all scum, arising 
rom the cem, before laying the next layer, Lp, JC^ 

41. Cone dumped from receiving box or car, or shoveled directly into 
lace, use of slides and shutes forbidden, OB, Wv, FP, TR, 141; not 
ropt further than 6 ft, FP; 3 ft, Wv. 

43. No walking; on finished wall until set, OD, Co. 

43. ThickneNM of layers. Not over fi", Wv, BIl. 01>: about 
€R; about O'' after ramming, TR; 0 to 8", i'Hi > 0", F; 'i 4", 8E; 

ith dry mix, on slopes, > 4", F; > I'' in foundations, about ti" in back 
alls, I!d; > 9'', Hb; > 12", WTIl; such that each la>er can be incor> 
orated with the preceding one, T A T, 

44. No layers permitted, Bn, Co ; layers not run out to thin edge, FP ; 
ich layer completed (rammed, I’R) before the next is hud, FP, I'R; 
ich layer of a day’s work laid before the layer next below has sot, TR. 

45. On rock foundation. Rock cleanetl and washed with wire 
rooms, roughened if read, covered with thick neat cem grout, CR ; beci 
: wet mortar, FW; tnick, TR; cone anchored to rock with steel rods, 

reqd, I’R. 

Joints. 

46. Avoidance of horizontal Joints. Walls, etc, built in alter- 
Eite sections, so short that they can be constructed as monoliths; these 
setions keyed together by vertical tongue-and-groove joints, t« for gov't 
lecfns; joints continuous from foundation to coping, C’R ; “ joints .shall be 
►rmed betw adjoining sections of coiic for 4 ft down from the deck, by a 
,yer of tarred paper,” BR ; dovetailing to have a thin coat of mortar, 1 : 5 
r weaker, to set before new cone is pilaced against it, Hb. 

47. JoiiitM between old and new work. Exposed surfs shaded 
ad kept moist until work is resumed, €R; chipped or broken edges cut 
vay, €R; old surf to be left stepped, to form bond, and to be cleaned and 
et before adding new work, FW, G; cleaned with stiff wdre brush and 
ream of water. FP, BB, Mb; if reqd, F,1jV ; roughed up with a pick, 
reqd, BR ; wooden strips, 4 to 6" wide, with beveled sides, to be embedded 
3", and removed before cone has thoroly hardened, N€> ; between old and 
}w work, bed of 1 : 3 cem mortar 1" thick, NO, Fo ; Yi layer of mortar, 
P; old surf covered with neat cem grout of molasses consistency, BR ; or 
y cem. OB ; dry cem, brushed in, 11b ; with layer of mortar, TB, 
W ; old surf mopped with 1 : 2 mortar, C58 ; with heavy neat cem grout 
orked into surf with brooms, FR; keyed as directed, FW. 

48. In hor joints in thin walls, or in walls to sustain water preit, 

; in other important locations, mortar joint may be reqd. Tanks, etc, 
ith thin walls to hold water, should be built as monoliths, without inter- 
iption, the work proceeding, if necessary, night and day, T T. 

49. When work it* suspended for more than an hour, the outer 
Iges of the last layer are to be leveled, and the center portion of the surf 
to be left about 6" lower than the edges, C’R. 

50. Bond betw new cone and old wall. Dovetailed pockets, 24" wide at 
ce, 33" at back, 15" deep, cut vert in old masonry, 4 ft apart, l.p. 

51. Last layer deposited to be left as rough as possible, imbeilded bould- 
s projecting. Surf to be cleaned, washed, and sprinkled with neat cein, 
:c.’ 

Placinfp under Water. 

53. Under water. No cone to belaid underwater (without explicit 
irmission, F; except to stop leaks and springs, TR;) water not allowed 
rise on new work until thoroly set, IM, Wv, TR. OB ; not less than 
! hrs after set, Lv, NO, Fo, Fl,b; if placed under water before set- 
ig, mixture to be 1 : 2 : 3, WH : 80 % of work built in place below (fresh) 
iter level, NE ; cone, placed in water, must be semi-dry, Ph ; bags to be 
Vered to within a few ins of surf on which cone is to be deposited, FW, 
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.’S3. When forme extend down to below high water* leaks under forms 
to be stopped, in order to prevent undermining before set; bags, filled with 
sand, placed outside; or iute canvas, underlying the cone 12", nailed along 
bottom of form on the inside, FW. 


Rain. 

.'54. Rain. During rain storms, no new work to be laid, IM, Bn, 
FR, AH, FP; freshly laid work to be protected by canvas, Bu. 

Frost. 

5.5. Freezing. No concrete or mortar to be made when temp is below 
3.5® F. in shade; cone work stopped from Nov 20 undl April 1 ; during freez- 
ing weather, no conc to be mixed or deposited without engineer's consent, 
in. Bn: ice and frost to be removed, water and sand heated, gravel 
‘5leame<l. work covered and kept warm by steam pipes, Lv : conc not to be 
placeil when frozen, if reinfd, must be kept above 32° F for < 48 hours 
atter placing, use of frozen sand and agg prohibited, Fli. No laying per- 
mitted when temp > 32° F., IJn, All, BR, < 32° F, OB; < 30^ F, 
FR, < 34° F., 'FR, FP; when likely to freeze before set, Wv ; before 
final set, OB; before set sufficiently to prevent injuij. BR, FK. Conc, 
frozen in place, to be removed, Fn, No conc to be laid when temp is 
h<>low 20° F; water to be heated when temp is below 35° F, Me. Use of icy 
inatenals prohibited; placed conc must be protected against freezing, Ph, 

56. Natural cement concrete must never be exposed to frost until 
tluiroly hard and dry, TAT. 

.57. “No conc, except that laid in large raa.sse8, or heavy walls having 
fares whose apjiearance is of no consequence, shall be exposed to fiost until 
hard and dry. Materials emidoyed in mass conc in freezing weather shall 
contain no frost. Surfs shall be protected tiom frost Portions of surf 
conc, which have frozen, shall be removed before laying fresh conc upon 
them,’’ T A ’r. 

.5H. FormfH, under conc placed in freezing weather, to remain until 
ail evidences of frost aie absent from the conc, and the natural hardening 
ol tiie conc has proceeded to the point of safety.” Fh, Ph. 


Moifiitening. 

.59. Moistening. Freshly laid conc to be protected from the sun (by 
boards or tarpaulins, FP, Hb, IM;) and kept wet. Me, IM; < two 
weeks, or until covered with earth, F ; < 10 days, SE, AH ; 6 ds, 
FR : 3 ds, FW ; 48 hrs, BR ; until set, W'v ; until hard set, Hb : unfinished 
surfs until work can be resumed, FB; with wet tarpaulins < 3 days, FR, 
When a section of wall is completed, coping to be covered with a thick layer 
of wet sand, mass of wall kept sprinkled until conc is thoroly set, IM ; conc 
to be drenched twice daily, Sundays included, for a week after placing, in 
hot weather, Fh, Ph. 

60. Moisten by sprinkling with fine spray at short intervals or by covering 
With moisten^ burlap, or etc, O. 

Removal of forma. 

61. Forms must be left in place < 4 days, IM; < 7 ds; longer if reqd 
by engineer, Ev ; 72 hrs, OB ; 48 hrs. AH, BR ; until conc has stood at 
least 36 hrs, WH ; until removal is authorized by enmneer or until conc 
has become hard, Fi.b; until conc can carry its load safely, Ms; forms 
removed after 48 hrs, SJE. 

63. Props, under floors and roofs, to remain in place < 2 weeks. Forms, 
for cols, < 4 days; for slabs, beams and girders, < 1 wk and at least until 
the floor can sustain its own weight. **No load or wt siwrbe placed on 
any portion of the constr where the said centers have been removed. 

Fh, Ph. 

«8. Time for removal of forms and ceutering, 24 hrs to 60 days, dei)endiiig 
upon temp and other atmospheric conditioni and upon the oommisaioner 
of bld^, Vn. 
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64. Not until cone is hard. Min time, days: 

.\pr 1 to Dec 1 Dec 1 to Apr 1 

Slabs and lintels, cols and monolithic walls 10 15 

Posts and bottom supports for joists, beams 

and girders 14 21 1*. 

65. Forms, under cone placed In frrexinK weather, “to remain 
until all evidences of frost are absent from the cone and the natural harden- 
ing of the cone has proceeded to the point of safety.” €h, Ph. 

Narface finish, waterproofingr. etc. 

66. Finish kept smooth by manipulation during placing, not by subse- 
quent plastering, etc. Cone, free from large agg, to be placed next the mold, 
and prest back from mold by means of a flat shovel, inserted betw cone and 
mold (mold sprinkled with water, BR), cone ramm^ with an iron rammer, 
lower face 2" X 6*^, AH, BK; finish by working gravel back from face by 
means of forks, Hb ; or shovels, FP ; faces rubbed smooth, TR, Hb ; 
with a piece of wood or soft stone, TR; voids filled up with mortar, Hb, 
TR, €B; plastering permitted only for an occasional and accidental 
cavity where the plastering is not apt to be disturbed by frost, CR. See 
p 1361,. H 79. 1:3 Port cem mortar, placed simultaneously with backing, 
CR. For wall, 1 : 2 Port cem mortar, very dry, 1 )/% thick, TR. 

67. For exposed faces, forms to be removed before cone has hardened; 
surf (1) rubbed with mortar of 1 vol PoTt cem, 2 vols sand, applied with a 
burlap swab and brushed down with a plasterer’s brush, or (2) rubbed with 
stiff wire brush and a thin coat of neat Port cem grout, brushed down with 
plasterer's brush, NO, €«; smooth finish of sides produceil by thoro 
ramming against inside surfs of molds, N£. 

68. Surfs, not built against forms, screeded and troweled to smoothness, 
NO. 

69. Voids or other imperfections, appearing upon removal of forms, to 
be corrected at expense of contractor, who shall remove and replace unsatis- 
factory work if reqd, F. 

70. For floors and roof of mixing; tank. Stiff mortar, of 1 vol 
Port, 1 vol sharp stone screenings to pass^" ring, free from dust, loam, etc, 1" 
deep, laid before cone has initial set. Screeded, floated and troweled to 
smooth surf. Covered and sprinkled 3 days, 

71. PromenadeH and torni of narapeta finished with a layer of 
mortar > thick, consolidated with tne cone “by siii>crimposing heavy 
planks 4" thick and ramming them with 40-lb cast iron rammers until their 
ends are in contact with the ends, of the molds,” NE. 

72. For piers, pedestals, abutments. Surfs exposed to air or 
water, 1 W Port cement mortar, 1 cement, 2 sand, carried up simultane- 
ously with the cone, 10 or 11" in depth at a time, by means of M" steel 

f date forms, 12" wide, 4 to 5 ft long, placed around the work, 1 from the 
orms, and blocked out every 12" by wooden blocks, the ends of the plates 
lapping slightly, Wll. 

7S. For inverts, 1 cem, 2 sand, not more than l^",tluck, laid at same 
time as cone, Lv. 

74. MoldlnaN, cornlcen, etc. Plastic mortar placed against fineb 
constructed molds, as cone is being laid; no exterior plastering permitted, 
fiE, T A T; no plastering to be done unless expressly permitt^, F. 

75. Fop finlHli. Cone brought up to By/irom reqd elevation; while 
this is still unset and plastic, 3" of finer cone added, tamped and kneaded 
to form a monolith with the underlying cone; then Va" of 1 : 3 (1 : 2, AH) 
cem mortar added and worked down to reqd grade ny rubbing with a long 
wooden straight-edge, AH, BR. 

76. Coping;. While cone base is still soft, unset and adhesive, mortar 
(to be 1" thick when finished) spread, leveled off and beaten with woodeji 
battens or mauls; floated with wooden float and smoothed with plasterer & 
trowel; covered with boards or tarpaulins until hard set; then covered with 
sand; to be kept damp several days, FP; mortar, < 1" thick, of 375 lh» 
Port cem to 10.6 cu ft sand; tamped in place on top of rammed cone bemre 
the latter has begun to set; raked with straight-edge, rubbed with wooden 
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floats and finished with plasterer’s trowel, .€R; 1 : 2 Port cem mortar, 1* 
thick, TR ; surf formed by working the siones back from face, Hb* 

77. Granitoid surlbce finish for tops of piers, pedestals and abuts; 
1 part Port, 2 parts clean coarse granite sand or fine g^ranite screeninj^ 3 
parts granite chips, passing iron ring. Finished with a floated surf. WH. 

7S. Water-proofinif. Heavy coat of semi-liquid mortar 1 part cem, 
Vi part slaked lime, 3 parts sand. This coat to be given a smooth fi nis h. 
When this has set hard, add a heavy coat of pure cem grout, CS. 

79. Plamterinn^ with cement. None permitted on exposed faces. 
AH, €S. Inside faces of spandrel walls, covered by fill, to be well 
dampened and plastered with mortar of 1 cem : 2.6 sand, Cfi. See p 
1360, 1 66. 

Artificial stone. 

HO. (a) For fine moldingps, etc. Molds plastered with semi-liquid 
mortar, 1 cem, 2 fine sharp sand, backed with earth-damp cone 1:2:4, 
or 1 cem to 6 gravel passing ring. Cone backing rammed in thin 
layers, (b) For plain fiat HurfaecN. Cone rammed in mold. Mold 
removed. Exposed surfs floated to smooth finish with mortar as in (a). 
^o body of mortar to be left on face. Use only enough to fill pores and give 
smooth finish, €fi. 

fitrengfth, etc, required. 

(Strengths, etc, in lbs / unless otherwise stated.) 

HI. intimate comp, after hardening for 28 days, < 2000, Fn, Mb. 

H2. Ult shear corresponding to 2000 comp, 200, Fn. 


Maximum allowable loads. 

8S. For static loads upon a 1 : 6 Port cem cone. 

Max allowable load 
lbs / Q't 

Compreasn, cone surface > loaded area 0.325.**— 660 

" in columns, length > 12 diams 0.225.* — 460 

" “ " with longitudinal reinfmt only 0.225.* - 450 

“ “ “ hnop^ 0.270.* — 640 

“ “ “ “ , with 1 to 4 % long’l bars ...0.325.* — 650 

“ “ “ with structural steel col units thoro- 

ly encasing cone core 0,325.* — 660 

Rupture modulus (elas mod, E, constant) 0.325.* — 6W 

" " adjacent to supports, (E constant) 0.375.* — 760 

Pure shear (no comp normal to shearing surf; reinfmt tak- 

ing the normal tension) 0,060.# — 120 

vShear, combined with equal comp 0.162.* — 326 

Adhesion, plain bars 

“ drawn wire 0.020.* — 40 


J€. 


H4. Compression, See also 1 146, p 1366. 

A, exclusive of temp stresses, , « 

B, including stresses due to temp changes of 4(r r 

In arches for bridges, lbs / Q": A 

for highways and electric railways ^ 

for steam railways 


B 

600 

500 


€ 8 . 

85. On first-class Port cem cone, with agg properly gr^^: 

1 : 6 or less. 60,000 lbs / sq ft - 417 lbs / □ ; 

1 : 6 or less, in beams or slabs 600 

“In case a richer cone is used, this stress my ^ incre^ Vith the ap- 
proval of the commissioner to not more than 600 lbs / □ t ™s. 

•T^r^iTstr^h in lbs / □' at 28 days when tested, under labor^ 
tory conditions, in the form of cyls 8 diam, 16'^ long, of same consistency at 
used in the field, 
t When « - 2000 lbs / 
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»6. Portland, 1:2:4 230 lbs / □*. 

1:2:5 208 

Rosendale or equal, 

1:2:4 125 

1:2:5 Ill "NY.* 

87. Portland, lbs / Mix, 1:2:4 1 : 2.5 : 5 1:3:6 

machine-nux^ 400 350 300 

band-mixed 350 300 250 

Natural 150 

Cinder, 700 ; 

Port, in reiufd cone; direct, 0.2 X ult; in bending, 0.35 X ult. 4’h. 

88. Port, direct, 350 lbs / Li"; in reinfd work, 350 lbs / □" simultane- 
ously with 6000 Iba / U" tension in steel, Tn. 

89. Port, direct, 350; in bending, 500, Mh. 

90. Port, Stone or gravef Cinder 

In bending 600 400 250 lbs ( 

Direct, in cols 

length > 15 diam ... 500 300 150 

In hooped cols, 1000 lbs / □" on area within hooping, Ph. 

1:2:4 1:2:5 1:3:6 

Port 700 650 600 lbs / IJ" 

Nat 400 ... ... " L. 

91. Tension ^ lbs / Li"< 

A, exclusive of temp stresses, 

B, including stresses due to teinji changes of 40® ^ ^ 

In reinforced arches 50 75 

In reinforced slabs, girders, beams, etc 0 0 IN. 

On diagonal plane, 0.02 X ult comp strgth, l^h. 

92. Shear, lbs / 

75, CS; 50, Mh; 60 when uncombined with comp upon the same plane 
"unless tne bldg commissioner with the consent of the board of appeal 
shall fix some other value,’’ Ms; stone or gravel cone, 75; slag, 50; cindei, 

25, Fh. 

Elastic modulus. 

9». 1,500,000 lbs / CS. 

Adhesion. 

94. See p 1279, and p 1364, H 113. 

Safety factora. 

„ , ^ ^ ultimate load 

Srfety factor - 

95. At end of 1 mo, in subways and girder bridges for highways and 
electric rys, also bldgs, roofs, culverts, sewers, 4; in subways and girder 
bridges for steam rys, 5, CS. 

Port, in reinfd cone, comp, direct, 6; in l^ams, 1/0.35; Ch. 

In reinfd beams, 1 for dead load, plus 4 for liye load, = 5; 

In iron or steel in latticed or open work cols,' beams or girders, encased in 
cone which extends < 2" beyond metal (with no allowance for the cone), 3 

L. 

Reinforcement. 

96. Bara, unpainted, but free from scale, rust and gtease, G. 

97. Shape. Plain round or square, or corr^ated, Lv; plain or 
twisted, NO ; deformed, All ; twist^ or deform^, tin ; Square machine- 

♦Corresponding with loads proptwed by C. C. Schneider, Trans, A S C E. 
Vol 64, Jun '05, p 384. On p 493 Mr. Schneider proposes, instead, for Port 
oem oonc only: 

per sq ft per sq inch 

1;2;5 20 tons - 40,000 Iba 278 Iba. 

1:2:4 25 " - 60,000 " 347 "• 
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twisted, Co ; Raaaome twisted square preferred, F; Ransome or equal, Hb : ' 
Thacher bar, CS; square, twisted cold, or Johnsou corrugated bar; in 
Johnson bar, net section <= that reqd, by the plans, for twisted bars; plain 
bars to be used in comp only, Ci. 


98. Twisted bars. 

Size, ins 34 Yi 34 

Twists per ft 12 8 5 




Vi Vs 

2.5 2 


1 

1.75 

1.5 


iy» iH 

1.5 1.5, NO, Co; 

Cl. 


One turn in 5 to 7 times nominal size, F. 

Twisted uniformly by machinery; min cross sec area to vary not more 
than 2.5 %, NO, Co. 


99. lloitnd, corrngfated, etc, bars to have same agg net sec area 

as square or twisted bars, NO. 


Requirements. 


109. Iron and steel “to meet the ‘Manufacturers' Standard Specfns,' 
revised Feb 3, ’03," Pb. See ppll54, 1156. 

101. Steel. MO* and hardness. Medium open-hearth, NO, Bu, 
Co. Cl; mild, Lv; soft or medium, CN. 


102. intimate tensile strength, in thousands of lbs / 52 

to 62, F ; 54 to 64, ITu, If h : medihrn, 50 to 65, Ci,a ; medium, 60 to 
68, CS ; soft, 54 to 62, C» ; 55 to 65, T.V, TAT; < 55, NO ; 57 to 65, 
Co,a ; 60 to 70 before twisting, Co,b ; 60 to 70, Bn. 

103. Ult comp streu§;th. 


Mixture 1:1:2 1:1.5: 3 1:2:4 1:2.5 : 5 

Ibs/D" = 2900 2400 2000 1750 

n « E,IE^ ^ 10 12 15 18 

104. Fracture, silky, uniform in color and texture, Co. 

105. Elastic limit < half ult tensile strgth, G. 
too. Elastic modulus, 30,000,000 Iba/D", Cb. 


1:3:6 

1500 

20 

Ch. 


^ m ^ ^9 elas mod for steel 

107. Ratio, n, of elastic moduli, n « 

* ’ Ag elas mod for oonc 

» = 12, Mb. “If not shown by direct tests,” in beams and slabs, n =• 15; 
in cols, n = 10, Us; with ult comp strgth 2000 lbs / LT, n = 18, IJn. 
Stone or gravel cone, n = 12; slag, n =-■ 15, Ph ; cinder, n == 30, Ph, Ch. 

108. Elong;ation. %, minimum, in 8", 25, F, Ev, NO, Co, a; 22, 

Co,b, Ci,a; 20, llii, Mh; soft, 25; medium, 22, C8 ; ^ 


109. Bendinf;; test. Cold, F, Et, Bn, 4^; hot, cold or quenched, 
NO, Co,a; 180° about a diam ^ the thickness of the bar, F, NO, Bn, 
Co, CS; (before deforming, F); about a diam ■= twice the thickness of 
the bar, Ev; (after deforming, F); soft steel, flat, C8 ; cold, 90° over a 
diam “ twice the thickness of the bar in steel > diam; over a diam 
=■ 3 X thickness of bar in steel > H" diam, Ch. 


Maximum stresses allowed in steel. 


Stresses in lbs / □*' unless otherwise stated. 

110. Tension, 16,000, Mh, Ph, JC; (iron, 12,000, Ph); one-tUrd 
elas Urn, but not over 18,000, Ch ; mild, 12,000; medium, 15,(X)0; high* 
carbon, 18,000, E. 

Hi. Shear, 10,000, Mh; 12,000, Ch. 

elas mod in steel 

n*. Comp - comp in cone X , 


“In arches, the steel ribs under a stress not exceeding 18,000 lbs per square 
inch must be capable of taking the entire bending moment of the arch with- 
out aid from the cone, and have flange areas of < the 150th part of the total 
area of the arch at crown. The actual stress when imbeddm in and acting 
in combination with eono shall not exceed 20 times the allowed stress on 
the cone." 
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“In slabs, girders, beams, floors, and walls, subjected to trausv stress, the 
steel shall be assumed to take the entire tensile stress without aid from the 
cone, and shall have an area sufficient to equal the comp strgth of cone 
composed of 1 part Port cem, 3 parts sand, and 6 parts of broken stone, of 
the age of 6 raos.” 

“In walls or posts subjected to comp only, no allowance will be made for 
the strgth of imibedded steel, which will be used only as a precaution against 
cracks due to shrinkage or changes of temp.” 

“In tanks, the imbedded steel under a stress not exceeding 15,000 lbs / □" 
shall be capable of taking the entire water pres without aid from the cone,” 


Elongation in service not more than 0.2 %, 111. 


113. Adhesion between steel and concrete. Assumed > al- 
lowed shear on cone, JHh, Ms: < shear oncotic, tin; in stone or gravel 
cone, 50 lbs / slag, 40; cinder, 15, Ph, 


114. In 1 : 2 : 4 cone, max, lbs / 

on plain round or square bars, structural steel 70 

high carbon steel . . .... 50 

on plmn flat bars, ratio of sides >2:1 60 

on twisted bars, < 1 twist in 8 diams 80 

on specially formed bars, 

0.25 X ult adhesion as determined by test; max *=> 100 Ch. 

115. When the allowed adhesion is exceeded, “provision 
must be made for transmitting the strgth of the steel to the cone,” IJn, Mh, 

Ph. 


ri 

15 


32 

27 


NO. 

€o. 


116. liCnirth and lappina. 

Longitudinal bars not Icnh tnan 30 ft, if possible, Lv. 

In beams, rods of sing'lc lenffth, if possible, NO, Co, Cl. 

If lapped 

Size of rod, ins H M 

Lap, ins 6 10 13 

6 9 12 

Lap = 25 diams of rod. Bn. 

Lap < 20 X diam of rod, < 1 foot, <’1. 

In parallel rods. Joints Htag'ipered, Bn, Ci. 

Ends, not less than 2'' from any surf, Ly. 

Hods extend to extreme edges of unfinished surfs. 

” “ “ within I'' of finished surfs. €’o. 

Floor rods extend 4" beyond face of wall supporting the floor; 

Beam “ “ <8" beyond face of wall supporting the floor, 

NO, Ci. See Clearance, below. 

117. Protection. If work is interrupted, bars, alre^y placed, must 
be protected, as with canvas or tarred paper. Ends, projecting for a con- 
siderable time, to be painted with heavy coat of neat cem grout, F, Lv. 


Permit. 

118. Complete detailed plans and speefns, giving composition of cone, to 
be filed with the Commissioner of Bldgs, Ch, IJn, Mh, Ph. 

Issue of permit does not involve acceptance of constr, Ch. For tests 
required, see pp 1382-3. 

Clearance. See also 116, 134, 144, 149. 

instance, t, between steel and surf of cone. 

119. In coin, beamH and alrdera, ( < 1 Ch. Ms ; in slabs, 

1 < < diam of bar, Ch; t < Ms; f < 1.5 X diam of bar, JC. 

Axis of rods dist from outside of cone < diam of rod, CS. 

For fireproof buildings, see m 120-128. 

Clear dist betw bars < 1.5 X max sectional dimension of bar, 
Ch, JC. Clear dist betw two layers of bars, < 

120. For fireproof bnildingrs 120-128), reinfd cone constr not 
approved “unless satisfactory fire and water tests shall have been mad® 
tinder the supervision of this Bureau,” Mh. 

May be accepted if designed as prescribed in code, provided that : 

(1) Agg ^hair be “hand-burned broken bricks, or terra-cotta, clean furnac® 
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clinkers entirely free of combustible matter, clean broken stone, or furnace 
slag, or clean gravel, together with clean siliceous sand, if sand is reqd to 
produce a close and dense mixture ; ” Fn. (The other codes quoted specify 
fewer permissible varieties of agg.) Agg to pass H in sq mesh, €h ; 1^ ring, 
and 25 % of agg > half max size, l*b. 

(2) Mm thickness, t, of cone, surrounding the reinfg members, shall be 
as follows, where d -= diam parallel to t : 

121. When d > M", t == T; when d > H", t == 4 d. In any case t 

> t < thickness required for structural purposes plus a, a = K in cols 
and girders, a == U” m floor slabs “but tins shall not be construed as in- 
creasing the total thickness of protecting cone as herein specified." Fn. 

122. In girders and columns, t = 2"; in beams, t = in floor 
slabs, t = 1^ J€. 

122 . In monolithic cols, the outer 1 to be considered as protective 
covering, and not included in effective section, JF. 

124. For bcaniM and <>n bottom, t = 2"; on sides, f = 

I > 2 ". Under slab rods, t — 1". In cols, t 2"', Fh, Ph. 

125. “If a supplementary metal fabric is placed in the cone surrounding 
tilt reinfg, simply for holding the cone, the thickness of cone under the re- 
infg may be reduced by such fabric shall not be considered asreinforeg 
metal," Fh. 

126. On floor and roof beams, i =» 1"; on floor and roof girders, and on 
beams carrying masonry, on top, t = 1"; elsewhere, 2", on cols, carrying 
only floors, t = 3", on cols built into or carrying walls, 4", JUt*. 

127. Finder concrete, for fireproof constr, f same as for stone cone; 
for slow-burning or mill constr, on cols, t — 2"; “on beams, girders and other 
.structural steel or iron members," t = lYi". Covering to have “metal 
binders or wire fabric imbedded m and around" such members; binders, 

II of wire, not le.s.s than No. 8, not less than 16^ apart, Fli. 

128. Corners of cols, beams and girders, to be beveled or rounded, JF. 

Foliinins. 

129. Columns must be allowed < 2 hrs for settlement and shrinkage 
before girders are constructed over them, JF. 

120. “ Rules for the computation of remfd cone cols may be formu- 
lated from time to time by the bldg commissioner with the approval 
of the board of appeal, " Ms. 

121. Foncrete and ateel astNumed to shorten “in the same 
proportion", Ms. 

122. Fonc and steel stressed in ratio, n, of their elastic moduli, 

JF. 

122. Rods tied together at intervals sufficiently short to prevent 
buckling, Ms. See M 136. 

121. Cuter 1 to be considered as protective covering and not included 
in effective section, JF. 

Reinforced columns. 

L = length: d = diameter or least side. 

125. Reinfd cone may be used for cols when L > 12 d, Ch, Fn, 

> 15 d, Jt!; and where cross section area <64 Fn, If > 16 a, 
allowable .stress to be decreased proportionally, Pli. 

126. Reduirements. Rods to be tied tojircther at intervals 
out more than d, Fn, Mh, Ph ; not more than 12 d, not more than 18", Fh. 
^See 11 133. 

127. Longitudinal rods not considered as taking direct compres- 
sion, Ph. 

128. Combined cross section area of comp rods > 3 % of cioss 
.=iec area of col, Fh. 

I»9. When comp rods are not reqd, combined cross sec area of rods to 
be < 0.5 % of cross sec area of col; not less than 1 Fh. 

140. Least dimension of smallest rod to be not less than Ch, 
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141. Rods to extend into the col above or below, lapping the nxls there 
sufficiently to develop the stress in the rod by the allowed unit for adhesion, 

14fS. Gecentrfc or transiverse loading. Max fiber stress, in- 
cluding (1) direct coinn, (2) bending due to direct comp, (3) eccentricity 
and (4) transverse load, not more tnan allowable comp stress. Eccentric 
load “shall be considered to affect eccentrically only the length of col ex- 
tending to the next point below at which the col is held securely in the 
direction of the eccentricity,” Ms. 

1451. A colninn, monolithic with or rigidly attached to a beam 
or i^irder, must resist, in addition to direct loads, a moment -= max 
unbalanced moment in the beam or girder at the col, C’h. 

144. Ifooiied columnH. Cone may be stressed to 26 % of ult 
strgth, provided 

(1) Cross sec area of vert reinfmt < area of spiral reinfmt, > 5 % of 
area within hooping ; 

(2) Percentage of spiral hooping < 0.5, > 1.6; 

(3) Pitch of spiral hooping uniform and > 0.1 X diam of col, > 3"; 

(4) Spirals so secured to verticals, at every intersection, as to main- 
tain form and position; 

(5) Spacing of verticals > 9", > circumference of col within hooping. 

Hooping “may be assumed to increa.se the re.si.stance of the coiic equiv- 
alent to 2.5 X the amount of the spiral hooping h^red as vert reinfmt.” 
Cone, outside of hooping, not considered as part of effective col sec, €h. 

145. “The working .stresses will be a subject for special consideration 
by the Commissioner of Bldgs,” IJn. 

146. Allowed nnil coiiipreNMloii = 1000 lbs/ of area within 
hooping, Ph. 

147. Percentage of long’l rods and spacing of hoojia to be such that the 
cone may develop this strejss with a safety factor of 4, Ph. 

146. “Hoops or bands not to be counted upon directly as adding to the 
strgth of the col,” 

149. Clear spacing of bands and hoops > 0.25 X diam of enclosed col, Jt'. 

150. Ntrnctural Hteel reinforced eolumiia. Cone may be 

subjected to M ult stress, provided (I) cross .sec area of steel is not less than 
1 (2) spacing of lacing or battens not moie than least width of col, C'b. 

Beams and floors. 

151. The common theory of beams is applicable, tin, €b, 
Mh, Ph. 

152. The steel Is assumed to take ail the direct tensile stresses, 
L. IJn, €h. Ms, Mh. Ph. Tensile stre.ss in cone to be considered in 
calculating deflections, JC. 

153. The stress-stretch curve of cone in comp is assumed to be a 

straight line, <7h, Ph. n, = defections, n = 8 to 12, 

154. At 2000 Ibs/D" extreme fiber stress, this curve may be taken a.« 
(a) a straight line; (b) a parabola, with axis vert, and vertex on neutral 
axis of beam; or (c) an empirical curve, enclosing an area H greater thaii 
if curve were a straight line, and with cen of gray at same height as that of 
area in (b), lln. 

155. fltresses. A load, - 4 X the total working load, stresses the 
steel to its elas lim, and the cone to 2000 Ibs/Q", IJn. Design “bas^ 
the assumption of a load 4 times as great as the total load, Ph. (Total 
load ordinary dead load plus ordinary live load, Un, Ph.) 

156. The adhesion, betw cone and steel, is assumed to be sufficien‘ 
to make them act unitedly, Vn, Uh, Mh, Ph. 

157. Exposed metal not considered in figuring strgth, Eh, Ch, P®** 

168. flpan <= dist c to c of bed plates or other bearinjp, 

If beam is fastened to side of a col, span is measured to cen of col, w 
apem > (clear span + depth of beam or slab), JF. 
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159. Sihrinkajt^c and thermal stresses to be provided for by 
introduction of steel, Cli, Ph. “ Initial stress in the reinfmt, due to con- 
traction or expansion in the cone, may be neglected,” Jt', 
laO. When the shear developeii exceeds the allowed limit for cone, 
steel must be introduced to take the excess, lln, mh, Ph, J€. 


161. Allowable values for shearing stresses: Ibs/D'' 

(a) With horizontal bars only 40; 

(b) With part of the hor remfmt in the form of bent-up bars, 

‘ ‘ arranged with due respect to the shearing stresses” >60; 

(c) With thoro reinfmt for shear >120, 

JC. 


Under (c), cone may be taken as carrying ^ of the shear; the remaining 
% being carried by bent rods or stirrups (preferably both) carrying their 
snare witlun a hor dist = depth of beam, .IF. 

162. Longitudinal spacing of stirrups or bent rods > 0.75 X depth f>f 
beam, 

165. C'Cmeiit fiiiiHh, added to the tops of slabs, beams and girders, 
not to be included in figuring strgth “unless laid integrally with the 
loiigh cone,” and to be allowed no greater unit stress than that on the rough 
cone, Fli. 

161. Web rcinforceiiionl. “Where the vertical shear, measured 
on (he sec of a beam or girder, betw the centers of action of the hor stresses, 
.» 0.02 X the ult direct coinj) stress/iJ", web reinfmt shall be supplied, 
sufficient to carry the excels. The web reiiifmt shall extend fiom top to 
bottom of beam and loop or connect to the hor reinfmt. The hor reinfmt, 
carrying the direct stresses, shall not be considerefi as web reinfmt,” Fh. 

165. Ntccl ill The coinprcHNioii NidcM oT heamii and girdert*. 
“When steel is used in the comp side of beams and girders, the rods shall 
be tied in accordance with requirements of vert rcinfd cols with stirrups 
connecting with the tension rods of the beams or girders,” Fh. 

166. “When steel or iron is in the comp sides of beams the proportion 
of stress taken by the steel or iron shall be in the ratio of the mod of elas 
of the steel or iron to the mod of elas of the cone; provided, that the rode 
are well tied with stirrups connecting with the lower rods of the beams;” 
Ph. 

167. Where slabs are used with girders and heains, the 

girders and beams are treated as T-beams, a portion of the slab acting as 
flange; O. 

16H. Portion, F, of width of slab, acting as flange. 

t = thickness of slab ; L = span of beam or girder ; 

b -=> breadth of beam or girder ; H = dist c to c betw beams or girders. 

F to be “determined by assuming that, in any hor-plane sec of the flange, 
t he .stresses are distributkl as the ordinates of a parabola, with its vertex 
ui the stress-stretch curve and with its axis in a longitudinal vert plane thru 
the cen of the rib of the T." Said portion to be reinforced with bars near 
the top, at right angles to the girder. Fn. 

169. F dependent upon hor shearing stress, F > 20 1, Ph; F > 10 6, 

170. F governed by shearing resistce betw slab and rib; F > <S j 

> % S. To be assumed as thus acting, slab must be cast at same 

time w’ith rib, Fh. 

F > L/3, > S, Mh; > L/4, > 8 / + b, JC. 

171. T-beams to be reinfd against shear along plane of i unction l^tween 
nb and flange, Fn, Ph ; using stirrups thniout length of beam, Ph. 

172. Ribs of girders and beams to be monolithic with floor slabs 

In, Ph. 

173. “Where reinfd ooac girders carry reinfd cone beams, the portion of 
^he floor slab acting as flange to the girder must be reinfd with bars near 
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For liHtf) of Specification? for roncretc, see pi 1352, 1353 


the top, at right angles to the ginler, to enuble it to t ristnit local load 
directU to the girder and not thru the heaiiis, t hus avoi iig an intcgiaiu,^ 
of comp stresses due to simultaneous action as tloor slab nl giuler Ilan^M^ 

Fii. IMi. 


IVloiiient, M. See also H. 1”^. 

174. ir load per sq ft. L '^pun. in ft In free 
L — free opening -t deiith, in continuing slabs, L di 
of supports. 

175. With concentrated or sf>ecial loadings, calcuhi 
moments and slieais for eritical condition of loading, 4'lr 

For deatl load, M obtained ftom the ai tual dead lo; 
“ live load, over supports, M olitained tiom tin* 

.u lual live lo 

“ “ " between supports U iims. obta 

eoveriiig J eoiisecutive ot 2 alieinate 

W’hen all .spans are espial, let nun lueload in 

span. Then, 

for iiitermediiite sjians, M ^ 


Mlpl>0!-t->d filrilv 
mce liei .N eentci 

find provide fi 

I coventig fill 
sjiaie at 
I -aine tune 
' o from in e lua 
ill' at same tinv 
icnl at nuildlc l 


for end spans. 




II I 
10 


Sum of live load moments over one sup|>ort and at cen of span, < ■ 

< 11 . 


Fontiiiuily. Sec also •” 175. 

176. Ilenin»4 and ^irderN considered as simiilj supported at end", 
no allowjince made for eoniinuitv, I ii. ^111. 

177. Beams, etc, calculated as sunplv supported. oi as contiiiuotis 
according to the facts, <'li, .'Is. 

17H. Continuous floor plulCM. leinfd at top over -upports, ina\ I"' 
treated as conn nuuu.s beams I iider umformU distnbuti i lofvds, mom, di. 
taken at not less than 0,1 ll /.. () O.'i U' /v with .square tloor plates, reitiiii 
in both direction.s and .suiiported on all .sides, I’n. Mh. 1*11. 

179. Ill floor Nlabs adjoiiiiiii; nallH: if slab is remfd m one 

IV L 

direction, M = s<iuare and remfd in both directions, M • 

Ph. 

ISO. Floor slabs de.signed and rciiifd as eontinuoii.s over the supl>orts. 
If length of slab ;>!.') ^ its widtli, tlie entiie loarl should be carried Iw 
transverse reinfmt. “Siiuare .slabs m.i\ well be remfd in both directioiw. 

JC, 

IHI. For beams and slabs continuous for - 2 spans, bending moms at ceu 
and at support, (or both live and dejul loads, as follows: 

In floor slabs and in interior spans of continuous beams, M ^ j;.’ 

m end apHn.s of continuous beams, .If =“ ti f-i'/' 

w load per unit of Hjian, L - .spfin. J<’. 

1S2. In continuous spans, provide, at support'^, for 
negative mom = O.S piwitive morn at ceii of asimpl.v supported spa”- 
Posmom, at cen of continuous span, mav betaken -- negmomatsuj)l>‘>''*' 
Mh. 


Tojiits. ^ 

183. Bldg Commissioner mav reijiiire tests of materials before or 8 m 
incorporated into bldg, nn. Contractor must be prepared to make lo 
tests in any portion of bldg within a reasonable time after erection, arui 
often as may be recid by engineer, Fh, l»h, Hill, Un. Testa must su 
that the cooatr will sustain loads as follows: 



8PK IFICVIIO^ 

For nbhrevlnfiona, mbols nnd rerereneos, see p 1251. 

lojuJ — 2 sum 'if j)r(i{)<)sr<i dead and live loads, Fh ; 

•' -2/ prop' isetl live 111 ul, Pli; 

“ ~ d A proposed lomi, Mill. 

IHI. (’(mstrpction may be eoiisideretl as part of the test load, Ch. 

|H5. I liieh test lo td shall l over 2 or more panels, and remain in place 
ml lesM (lian 24 his, 4'll. 


IH«. Deflection of slabs not more than 

iVfleetion of ginb-rs i X ratio of slab depth to girder depth, Cli. 

IH7. 'lest, 1.^) (la\'. afiei completion. 

Lo.ul 1 .f) live itiud + 1.5 X dead load of finished area. 
DeHeciion > 0 001 X length of member, 


FO!li<'RF;rE NIDEWALKN. 

Abstract of Siiec'ification 

Adopted by 

National A«4M»clation of f'oineiit Taer* 

Plnhidelphui, January, IDOS. 

1. Oiiiciit, roitland, to meet spenficatum of A S T M, adopted Jan, 

See p 940. 

2. Naiid. To pass No. 4 screen. May contain > 5 % loam and claj', 
if those do not coat the sand grams. 

< t)0 ‘’f of the sand to pass No 10 sieve, or 
35 to paiis No 10 20 30 40 sieve, 
and remain on .No 20 30 40 50 " , respectively. 

> 20 ‘'c of the sand to pass No 50 sieve, or 
70 ‘ to jiass No 10 20 sieve, 
and remain on No 40 50 " , respectively. 

3. Scrcciiiii^fH, from crushed stone as below, and meeting sand require- 
riK-nfs, nia\ be substituted for sand. 

4. .4K'K:rcu;ntc. Stone, crushed from dean, sound, hard, durable 
rock, scieeneirdrj thru •'’4" mesh, retained on Jci" mesh. 

fS. tiiriivcl. clean, hard, ranging from that retained on mesh, 
In dial pa.sHiiig •’4* me.sh. 

«. I'n«o*rocncd it^ravol. clean, hard. No particles larger than 
I'lnpoiti-iii ot fine and coarse particles to conform to requirements below 

fnr cone. 

7. Water, “ reitsonably clean, free from oil, sulfuric acid and strong 
alkaln-.s.” 


Uliib'baNe. 

Sub-base to be tlioroly raiiimed. Soft spots removed and 
replaced bv hard matenal. 

9. Fill** > 1 ft thick, to be thoroly compacted by flooding and tamping 
Hi huers k ()" thick, “and shall have aslope of < 1 : 1.5.” “The top of 
tills shall e\teiid < 12" beyond the sidewalk.” 

19. “While comiiacting, the sub-base shall be thoroly wetted and 
shall be maintained 111 that condition until the couc is deposited.” 


Base* 

II. Voids. Tern must overfill voids in sand by < 5 %. 

13. Mortar must overfill voids in agp, by < 10 %. Proportions 1 : > 8 
■sand and agg. 

13. V/hen the voids are not detennined, 1 : 3 sand or screenings : 6 
■^fone or gravel. "A sack of cem, 94 tbs, shall be considered to have a 
V('l of 1 cu ft.” 
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Mlxlnsr. 

14. Hand. Sand evenly spread on a level water-tight i)latform, cem 
spread on sand. Mix dry to uniform color. Water sprayed aiul mass 
turned until homogeneous and of uniform consistency. Drenched ugg 
added and all mixed until agg is thoroly coated with mortar. 

15. Hand. Wftli iiiiNCreened gravel. Cem and* gr;ivel “ mixed 
dry ^ until no streaks of cem are visible.” Water sprayed and mixed. 
Mortar must be equivalent to that specified above. 

16. Water may be added w'hile mixing, but cone must be turned < 
once immediately afterward. 

17. ]IIa<^hiiie mixinu^ will be acceptable when a cone equivalent 

in quality to that specified above is obtained. ” * 

IS. Keteniperin^ prohibited. 

Grade. 

19. Grade of Nidc^walk < sufficient for drainage, > M"/ft, ‘‘except 
where such rise shall parallel the length of the walk.” 

Forinti. 

20. liiiiiiber. clean, free from warp, < 1%" thick. 

21. Upper ediyes to conform with finished grade of sidewalk. 

22. CrOMN forinK. ‘‘ -Vt each block divi.sion, cross forms shall be juit 
in the full width of the walk and at right angles to the side forms,” except 
as in ^ 23. 

22. Expansion Joint. A metal parting strip }i" thick to replace a 
cross form < once in dO ft. ‘‘When the sidewalk has become sufficiently 
hard, this parting strip shall be removed and the joint hlled with suitable 
material jiiior to oiiening the walk to traffic. Similar joints shall be pro- 
vided where new sidewalks abut curbing or other artificial stone sidewalk.” 

2i. forniA Hhall be thoroly wetted before any material 

is deposited against them.” 

25. lUmonttlons of blocks. 

Size, feet 6 X 6 5 X 5 4.5 X 4.5 4 X 4 3 X3 

Thickness, ins : 

In business districts, 6 5.5 5 4 

In residence distnets, 6 5 ..." 4 3 

In residence sidewalks, edges may be 25 % thinner than center; min = 3". 

26. Neparatine tool > 6" wide, H" thick. Groove cut thru into 
sub-base; groove filled with dry sand before the top coat is spread; top 
coat cut thru to the sand after floating and troweling, ‘‘and a jointer run 
in the groove”; trowel then drawn thru groove again ‘‘so as to insure a 
complete separation of the block.” 

DepoMltlni^. 

27. Cone carried to forms in watertight wheelbarrows. Cone must not 
slop over. Barrows must not be run over freshly laid cone. 

28. Cone must be deposited within 1 hour after mixing, spread evenly, 
and tamped until water flushes to the top. 

Protection. 

29. Workmen must not walk on freshly laid cone. 

80. Sand or dust, collecting on the base, to be ‘‘carefully removed before 
the wearing surface is applied.” 

Wearinir surface. 

81. Jfinlmam tbtekness, 

82. Bfortar, 1 : 2 sand or screenings, mixed as for baw, but wet enough 
not to require tamping, and so as to be readily floated with a straight-ed^ 
‘‘A thin coat of mortar shall be floated on to the base before spreading the 
wearing surf.” Mortar spread on base within 30 mins after mixing, and 
floated within 60 mins after base cone is mixed. 
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33. Marking:. “After being worked to an approximately true surf, 
the block markings shall be made directly over the joints in the base with a 
tool which shall cut clear through to the base and completely separate the 
wearing courvses of adjacent blocks," 

34. Surface edg^es rounded to a radius < 

35. “When partially set, the surf shall be troweled smooth.’* 

36. On grades > 5 %, surf to be roueheiied by a suitable tool “or 
b.\ working coarse sand oi screenings into Hie surf." 

37. tinl.y mineral colors shall be used, and these shall be tncor- 
porate<l w'llh tne entire weanug surf. 

Slnjflc coat work. 

3H. PronortioiiN, 1 : 2 sand . 4 gravel or crushed stone. Blocks 
Ncpa rate*! as in two-coat work. Cone to he firmly compacted by tamp- 
ing, and evenly struck off and smoothed to the top of the mold. 
“Then, with a suitably grooved tool, the coarser particles of the cone tamped 
to the necessary depth so as to hmsh the same a.s two-roat w’ork,” 

Protection. 

39. “When completed, the sidewalk shall be kept moist and pro- 
tected from traffic an<l the elements for at least 3 days. The forms shall be 
lemoved wnth great care, anil upon their removal earth shall he banked 
against the edges of the walk." 

Orading: adjacent to sidewalk. 

10. On curb side, 1 below sidewalk, slope < On property 

side, ‘ ' the ground should be graded back < 2 ft and not lower than the w'alk. " 


CON C RETE BI.OC^KN. 

1. Biifililo harbor. Blocks 6 ft long, abt 4 ft sij, 8S,7o cu ft = 3.3 cu 
vds, maiie in wooden molds. Vi bbl Port, 2.6 cu ft sand, 7.5 cu ft pebbles, 
7.5 cu ft broken stone, made a layer of cone, in mold, about 6'^ thick. Faces, 
G" thick, of blocks on lake-face of breakwater, of finer material. Face 
placed first; backing placed before face had set. (Emile Low, A S C E, 
I'rans, June '04, Vol LI I, p 96.) 

2. Zeebrng'gfe breakwater, Belgium. Blocks 25 in (82 ft) long, 
9 in (29.5 ft) wide, 8.75 m (28.7 ft) high, 2000 cu m (2616 cu yds), 4500 
tons each. Outer cone shell, with cutting lower edge, three compartments, 
formed in iron framework and floated to place; placed between guides and 
tilock last sunk; sunk by admission of water, and filled up with cone, 

1 cem. 2.5 sand : 6.1 broken porphyry, by means of skips of 10 cu m (13 
cu yds). Top meter, rich in cem, placed above water at low fide. Seaw'ard 
toe immeilmtely {iroteoted by rubble rip-rap. 

Sujierstnicture of 55-ton blocks, laid above water; these surmounted by 
cone blocks, formed in place. 

3. Moldg for Isolated monolithic Rub-aqueous concrete 

blockN, from 150 to 222 cu yds, forming pier ol trapezoidal cross- 
scc. The molds are b(>tt(>mle.ss boAes of tiapczoidal cross-sec. composed 
of two sides and tivo end pieces, held together ^ 1 h" turnbuckle tie-rods 
acting on beams placed outside of the mold. The tie rods have, at each 
end, eyes in which wedge-bolts are inserted at time of erection, lo remove 
the molds, the wedge-bolts are removed by turning ujf od 

w liieh form an integral part of the wedge-bolts. T his pulls the wwge-boH 
from the eyes of the tie-rods and releases the walls of the molds, which 
are then picked up by the mold traveller, and re-assembled on the traveller 
icuily for re-setting. Weight of mold, 40 tons. ,Time reqd for removing 
mold from a block anil ro-assembhng for re-setting, from 45 to 60 mins. 
Buoyancy of timber overcome by cast iron ballast wts. ^ Alternate blocks 
placed first. For intermediate blocks only the two side pieces of a mold are 
used. These are held in place and at their proper batter by six turnbuckle 
tie-rods, each passing thru a hollow square box of one-inch plank, acting 
as a strut. (So^ith at Superior Entry, Wisconsin. Report of Clarence 
Coleman, Asst. Engr Report Chf Engr, U S A, 1904, Part IV. page 3781.) 
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4 . holi»si should be cast in the blocks where practicable” 
and so “as not to bring excessive pres on the cone, particularly near the 
mortar facing or near the arnses of the block.” Lewises and dogs may 
pull out of green blocks. Provide wooden blocks and rag cushions for use 
in turning over the blocks, otherwise the corners may be damaged. 

5. Castings poNlUoii. Blocks should be cast with the Jiiost important 
face down, their showing faces as nearly vert as practicable, and the back 
of the block on top, so that iaitance, etc, nsing to the surf, may appear there. 

HOLLOW CONCRETE BUILDING BLOCKS. 

Abstract of Slpeclficatton . 

Adopted by 

National Association of Cement Users, 

Philadelphia, January, 1908. 


1* Cement. Portland, to meet specification of A S T M, adopted Jan, 
1906. See p 1232. 

2. Sand, silicious, clean, gritty, to pass mesh sieve. 

3. AgTSTreicate. clean broken atone, free from dust, or dead screened 
gravel, passing mesh sieve, refused by 14". 

4. Unit of mcasiiremeiit for cem. Bbl = 380 lbs net; cu ft > 
100 lbs. Cem either measd in original package, or weighed; not measd 
loose in bulk. 

6. Proportions. For exposed exterior or bearing walls. 

(a) Macmne-made. Semi-wet, 1 : > 3 sand : > 4 agg. 

(b) Slush (or wet) cone (quaking or flowing), made in individual molds 
and allowed to harden in them, 1 : > 3 sand : > 5 agg. 

If stone is omitted, proportion of sand may be increased if tests show no 
increase in voids or in absorption, and no loss of strength. 

6. Water enough to perfect the crystallization of the cem. 

7. 1111111118;. “Thoro and vigorous mixing is of the utmost importance.” 

(a) Hand. Cem and sand mixt dry. Water added slowly and workt in. 
Moistened agg spreatl upon mortar, or mortar upon agg. Mix. 

(b) Machine preferred. Cem and sand, or cem, sand and agg, mixt dry. 
Water added and workt in. With wet cone, ‘‘this procedure may be varied 
with the consent of the bureau, etc.” 

8. Holdlnif. Top surf of tampt blocks, after striking off, to be “trow- 
eled or otherwise finisht to secure density and a sharp and true arris.” 

9. Curing;. After molding, blocks to be “carefully protected from 
wind currents, sunlight, dry heat or freezing for at least 5 days,” and sup- 
plied with additional moisture during that time “and occasionally thereafter 
until ready for use.” 

10. Hinimum iig;e before using. 1 : 3 sand, 3 weeks; 1 ' 2 sand, 
2 weeks “with the special consent of the bureau, etc”; special blocks, for 
closures, 7 days “with the special consent of the bureau, etc.” 

11. Marking;. All blocks to be inarkt with maker'.s name or brand, 
day, mouth and year of mfr, and proportions, as “1 : 2 : 3,” etc. 

12. Mortur. “All walls, where blocks are used, shall be laid up with 
Portland cem mortar.” 

13. Maximam load, including wt of wall, 8 tons per sq ft of area 
of blocks, 

14. Thick nettsefi of walla. Bearing walls “mav be 10% less 
than is reqd by law for brick walls.” In curtain or partition walls same as 
for hollow tile, terra cotta or plaster blocks. 

15. Offhefs. “Wherever walls are decreased in thickness, the top course 
of the thicker wall shall afford a full solid bearing for the webs or walls oi 
the course of blocks above.” 

1ft. Under glrdera or jotHta, blocks to be made solid for < 8" 
from inside face. If concentrated load, W, on block, > 2 tons* tbis 
to the blocks supporting the girder, etc; if W > 5 tons, it app)ie.s to blocM 
for < 3 courses below, and to a diet of < IS" each side of girder, etc. 
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17. In party walla, blocks must be filled solid. 

IS. Bond. “Where the walls are made entirely of cone blocks, but where 
said blocks have not the same width as the wall, every 5th course sh^l 
extend thru the wall, forming a secure bond, when not otherwise sufficiently 
bonded.” 

19. Block facing, on brick backing, “must be strongly bonded to the 
brick, either with headers projecting 4" into the brick work, every 4th course 
being a header course, or with approved ties, no brick backing to be less 
than 8".” 

20. ThickneHH of web of block (in bearing walls) < 0.25 X ht of 
block. 


21. Hollow itpace. In bearing walls, min percentage of hollow space: 


Buildings of 

1st 

2d 

3d 

4th 

5th 

6th story 

1 Ar 2 stories 

33 

33 





3 4 “ 

25 

33 

33 

33 



5 & 6 " 

20 

25 

25 

33 

33 

33 


22. SillH and lintels to be “reinforced by iron or steel rods in a 
manner satisfactory to the bureau, etc.” When span > 54'', lintel “shah 
usst on block solid for < 8" from face next the opening and for < 3 courses 
below bottom of Imtel.” 

22. Prior to use, application muHt be filed with bureau or with 
chief of proper depaitment, giving “a description of the material and a 
bnef outline of its manufacture and proportions used,” with “name of the 
linn or corporation, and the responsible officers thereof,” “and changes in 
same thereafter promptly reported.” 

21. 'tk‘rtificate of approval to remain in force > 4 mos, “unless 
there be hied with the bureau of building inspection, at least once every 4 
mos following, a certificate from some reliable physical testing laboratory 
showing that the av” of < 3 comp tests and < 3 transverse tests comply 
with reijuirements; “the said samples to be selected by a building inspector 

bv the laboratory from blocks actually going into construction work.” 

25. Preliminary test. Maker to submit pnxluct to tests required, 
and file cer.tificate, from a reliable testing laboratory, giving in detail the 
resulls of the tests made. Results of all tests, satisfactory or otherwise, to be 
filed in the bureau, open to inspection, but not necessarily for publication. 

26. Additional tests. Maker or user or both “shall, at any and all 
time.s, have made such tests of the cems used in making such blocks, or 
such further tests of the completed blocks, or of each of these, at their own 
expense and under the supervision of the bureau of building inspection, as 
the chief of said bureau may reqmre.” 

Failure to stand these tests involves immediate revocation of the certifi- 
cate issued to maker. 

27. Test requirements. Blocks must be subjected to transverse, 
compression and absorption tests, “and may be subjected to the freezing 
and fire tests.” Freezing and fire tests not at cost of mfr. 

2H. Approval test» made at expense of applicant. 

29. Not less than 12 sanipleH to be selected by bureau, etc. 

30. “Samples must represent the ordinary commercial product, 
of t,he regular size and shape used in construction. The samples may be 
tested as soon as desired by applicant ” but > 60 days after mfr. 

31. BlockN. falling to Htand tests, to be marked “condemned” 
by mfr or user, and destroyed. 

32. “Tests shall be made in series of at least 3, except that in the fire 
tests a senes of 2 (4 samples; are suffitient.” 

33. «« Half samples may be used for the crushing, freezing and fire 
thesis. The remaimng samples are kept in reserve, in case duplicate or coin 
firmatory tests be reqd ” 
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4 . holi»si should be cast in the blocks where practicable” 
and so “as not to bring excessive pres on the cone, particularly near the 
mortar facing or near the arnses of the block.” Lewises and dogs may 
pull out of green blocks. Provide wooden blocks and rag cushions for use 
in turning over the blocks, otherwise the corners may be damaged. 

5. Castings poNlUoii. Blocks should be cast with the Jiiost important 
face down, their showing faces as nearly vert as practicable, and the back 
of the block on top, so that iaitance, etc, nsing to the surf, may appear there. 

HOLLOW CONCRETE BUILDING BLOCKS. 

Abstract of Slpeclficatton . 

Adopted by 

National Association of Cement Users, 

Philadelphia, January, 1908. 


1* Cement. Portland, to meet specification of A S T M, adopted Jan, 
1906. See p 1232. 

2. Sand, silicious, clean, gritty, to pass mesh sieve. 

3. AgTSTreicate. clean broken atone, free from dust, or dead screened 
gravel, passing mesh sieve, refused by 14". 

4. Unit of mcasiiremeiit for cem. Bbl = 380 lbs net; cu ft > 
100 lbs. Cem either measd in original package, or weighed; not measd 
loose in bulk. 

6. Proportions. For exposed exterior or bearing walls. 

(a) Macmne-made. Semi-wet, 1 : > 3 sand : > 4 agg. 

(b) Slush (or wet) cone (quaking or flowing), made in individual molds 
and allowed to harden in them, 1 : > 3 sand : > 5 agg. 

If stone is omitted, proportion of sand may be increased if tests show no 
increase in voids or in absorption, and no loss of strength. 

6. Water enough to perfect the crystallization of the cem. 

7. 1111111118;. “Thoro and vigorous mixing is of the utmost importance.” 

(a) Hand. Cem and sand mixt dry. Water added slowly and workt in. 
Moistened agg spreatl upon mortar, or mortar upon agg. Mix. 

(b) Machine preferred. Cem and sand, or cem, sand and agg, mixt dry. 
Water added and workt in. With wet cone, ‘‘this procedure may be varied 
with the consent of the bureau, etc.” 

8. Holdlnif. Top surf of tampt blocks, after striking off, to be “trow- 
eled or otherwise finisht to secure density and a sharp and true arris.” 

9. Curing;. After molding, blocks to be “carefully protected from 
wind currents, sunlight, dry heat or freezing for at least 5 days,” and sup- 
plied with additional moisture during that time “and occasionally thereafter 
until ready for use.” 

10. Hinimum iig;e before using. 1 : 3 sand, 3 weeks; 1 ' 2 sand, 
2 weeks “with the special consent of the bureau, etc”; special blocks, for 
closures, 7 days “with the special consent of the bureau, etc.” 

11. Marking;. All blocks to be inarkt with maker'.s name or brand, 
day, mouth and year of mfr, and proportions, as “1 : 2 : 3,” etc. 

12. Mortur. “All walls, where blocks are used, shall be laid up with 
Portland cem mortar.” 

13. Maximam load, including wt of wall, 8 tons per sq ft of area 
of blocks, 

14. Thick nettsefi of walla. Bearing walls “mav be 10% less 
than is reqd by law for brick walls.” In curtain or partition walls same as 
for hollow tile, terra cotta or plaster blocks. 

15. Offhefs. “Wherever walls are decreased in thickness, the top course 
of the thicker wall shall afford a full solid bearing for the webs or walls oi 
the course of blocks above.” 

1ft. Under glrdera or jotHta, blocks to be made solid for < 8" 
from inside face. If concentrated load, W, on block, > 2 tons* tbis 
to the blocks supporting the girder, etc; if W > 5 tons, it app)ie.s to blocM 
for < 3 courses below, and to a diet of < IS" each side of girder, etc. 
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COST. 

1. The following data respecting prices and costs are compiled from rec- 
ords of actual construction as carried out by men presumably skilled in the 
art, and employing labor at about the usual rates. They afford only approx 
estimates of what may ordinarily be expected The cost of materials, trans- 
portation, and especially of labor, vanes from time to time and fiom place 
to place. 

2. Not only does the rate per hour for labor vary; but the amt of work 
turned out in a given time varies much more widely. A well matcht gang, 
presided over by an efficient foreman, will produce usually from two to 
{out times the output of an indiffeient gang. Even a well-meaning worker 
will frequently let his efficiency drop to 75 % of what may reasonably be 
cxfiedled; indifferent workers will produce only 30 or 20 %. The methods 
of payment, the character of superintendence, and the way in which the 
work IS arranged and handled, are all very important; and a bungler, or 
one unfamiliar with cone operations, would probably find difficulty in keep- 
ing the total coats within double those given. 

3. The principal iteniM, making up the cost of cone (plain and reinfd) 
may be classified as follow's; 

Materials; Cem, sand, gravel, stone, reinfmt 

'J'runsportation to storage; Ifaulmg, freight 

Storage. 

Screeniug, w'ashing. 

-Mixing ; Lotwiing and transporting to mixer, mixing machine and power, 
labor and depreciation connecteil with it, auxiliary apparatus as mixing 
board, barrows, shovels, etc., and transporting cone to forms. 

Forms; Erection, shifting, depreciation, material, labor. 

Depositing; Dumping, spreading and ramming. 

Finishing; plastering, brushing, etc. 

Inspection and superintendence. 

Plant (besides mixer and forms); Interest, depreciation, repairs, insurance. 

CoAt of Materials. 

4. For prtccfl of cem, sand, etc, see “ Price List,” under 1, and its subdivi- 
sions, pp 1401, etc. 

5. The cost of any one material, per cu yd of cone, varies greatly in diff 
cases, due to w'ide variations in the percentage employed for diff grades of 
cone, and can therefore be approximated only betw wide limits. 

<1. Roughly stated, the total cost, for materials alone, may be ex- 
pected to fall somewhere between $2.60 and $7.50/cu yd of cone. The av 
would probably be $4 or a little more, exclusive of reinfmt. 

7. Oment. For prices, see “Price List,” 1.34, p 1403, Per cu yd of 
cone, betw $1.50 and $4, $2 and $3 being the more usual limits; affected 
chiefly by grade of cem and richness of mixture. 

H. Kand. For prices, see “Price List,” under 1.32, p 1402. Per cuyd 
of cone, betw 15 cts and $1, usually below 26; affected chiefly by grade, 
dist from bank, natural monopoly, and proportion u.sed in mixture. 

ft. Gravel. In the pit, exclusive of screening, loading and hauling, from 
20 cts to 75 ots per team load; affected chiefly by quality, and natural 
monopoly. 

1ft. Ntone. For prices, see “ Price List,” under 1.32, p 1402. Av price 
for htone, broken to reqd size, at quarry, exclusive of cartage, about $1 or 
ll.oO / cu yd stone. Per cu yd couc, betw 50 cts and $1, Affected chiefly 
by qu^ity, dist from quarry, natural monopoly, and proportion of mixture. 

11. Reinforcement. Cost will vary with the design and type em- 
ployed. For iron and steel bars, see “Price List,” 1.43, p 1404. 

Plain rods, 60 ton lots, at mill, cts per lb, approx: 

Ransome twisted rods, about ct per lb more. 

Other deformed bars, H to H ct per lb more. 

12. The percentage of reinfmt usually varies from about H % to 1 ^ % 
of the cross-sec of a beam or slab. 
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Cost of Transportation to Storairo. 

13. Fr«l|irhl« Gem, by rail. Freight rates vary greatly in diff locali- 
ties, often due to no other apparent reason than arbitrary discrimination, 
tunning as low as ct / ton-mile, and above 2 cts; in general, 1 to 2 cts. 

14. By Canal. Boat loads of 100 tons of 2000 lbs each, ,cem, 1 to 2 cts/ 
ton-mile, according to dist; stone and sand, H to 1^. 

15. Coastwise freight. In carload lots, 0.4 to 0.6 ct / ton-mile, approx. 

Cost of titoragrc* 

16. Storagre. Ordinary cem barrels may be stored about 5 layers high, 
which requires about 1 H □ ft floor space per bbl. ^ 

17. fiereenlng^. Cost, by hand, betw 10 and 25 cts or more / cu 
yd of material handled. Machine screening, betw 4 and 8 cts / cu yd. To 
obtain the cost per cu yd of the screened material, multiply cost per cu 
yd by the ratio of total quantity handled to quantity accepted. 

18. Washing. Cost of washing sand, gravel and crusht stone may be 
5 cts or more / cu yd of material handled, for mechanical washers, handling 
large quantities. For small quantities, washt under unfavorable condi- 
tions, as high as 40 cts. 

Cost of Mtxinff and Placing. 

19. mixing and placing. Total co(it» exclusive of forms, from 
SI to S2.50 / cu yd of cone. 

20. Labor reouired, for fairly large quantities, on an av, one man for 
each 2 or 3 eu yds nuxt and placed per day. On small jobs, each man will 
turn out much less. 

21. Dry cone costs about SI more per cu yd to mix and place than wet 
cone. Herman Conrow, Jr, A S C E, Trans, Vol 42, 1899, p 124. 

22. liOading. From 12 to 24 cu yds of sand loaded into carts per man 
per day. 12 appears to be usual, but 24 not unreasonable. 

23. Transportation. Av load broken stone, gravel or sand. 

Wooden wheelbarrows 2H to 2H cu ft =• 0.09 cu yd. 

Iron wheelbarrows 1.9 cu ft — 0.07 cu yd. 

Cost of transportation per cu yd cone ordinarily betw 11 and 25 cts, de- 
pending largely upon the length of haul and the industry of the laborers. 

€o»t of mixing. 

24. mixing (only). Much depends upon the diligence of the laborers, 
and the sise of the mixer. Several examples indicate costs less than 10 cts 
/ cu yd, counting labor only, while others indicate, quite rei^ilarly, about 
25 cts. Sabin says “The cost of mixing cone in large quantities is seldom 
less than 30 cts / cu yd if allowance is made for plant." 

25. -As far as practicable, the course of the material should be downward; 
the mixer being kept above the work if possible. If an elevator is used 
for the cone, its entrance should be below the mixer. In subway or sewer 
work, the mixer can sometimes be placed below the street level and yet 
above the level of the work, so that it becomes unnecessary to rtuse the 
materials again after dumping them onto the street from the wagons. 
Much may be lost if the supply of materials and the demand for cone are 
not kept nearly equal, or if the conditions are such that the men cannot 
keep out of each other’s way. 

26. Ordinarily, more than half a dozen men cannot be disposed about a 
mixer to operate it to advanta^, measuring materials, cleaning up pla^ 
forms, etc (besides those actually engaged in getting the materials to and 
from the mixer). Cost, for labor onlv, should not be much over 15 cts per 
Ctt yd of cone, even with small machines. 

27. Mixer*, turning out from 10 to 40 cu ft of concrete per batch (or, 
assuming one batch every 2 mins* 10 to 40 cu yds per hour) will cost from 
1600 to ll()00, and will require from 5 to 10 HP. to operate. Hand power 
machines, with a capacity of 5 cu ft per batch, about $250. 

28. Cost of setting up a mixer, and taking it down, including carting n 

few miles, and depreciation, betw $50 and $100. . , 

Up' to 100 or 200 cu yds of cone, hand mixing is usuidly more econoimcai 
than machine mixing. 
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Z9. The first cost of a tiand mlzliti^ plant, to be operated by 8 
or 10 men, estimated as follows: 

8 square-pointed shovels, size No. 3 |10 

3 iron wheelbarrows 35 

2 rammers 5 

1 mixing jilatform, 15 X 15 ft 10 

Total $60 

80. Performance. When material is promptly delivered, batch 
mixers turn out, on an av, one batch in from 2 to 3 mins. A batch in one 
mm is extremely fast working. Sometimes 4 or 5 mins are reqd. For 
capacities and power reqd, see under “Mixers,” ^ 27. 

81. The cost of a mixing plant for cone work is variously estimated at 
from 3 to 5 % or more of the cost of the work. 

32. Tlie life of a mixer, unde- av conditions, is from 30,000 to 
40,000 batches. Thus, a mixer, turning out 120 batches per day, will 
require renewal in about a year. A new drum will generally be needed 
after turning out two-thirds the total quantitv. 

33. Mixer to foritiH. Time to fill a barrow from a mixer, about 10 
secs; to discharge the entire mixer at one operation, 15 to 20 secs. 

34. Av barrow load of mixt cone, I U to 1 ^4 cu ft == 0.06 cu yd. One- 
horse carts hold about cu yd; two-horse, 1 to 2 cu yds. To compute 
eosts of hauling, etc., see Art 4 under “Cost of Earthwork,” p 1025. 

33. About 10 or 15 cu yds of cone per man per 10 hour day can be loaded 
by shoveling. * 

€ofit of Forms. 

36. Cost, including material and labor, varies chiefly with the character 
of the structure; simple forms for mass work bcin^ relatively cheap, while 
those for detailing walls and floors of bldgs, especially in reinfd cone, are 
about the most expensive. 

37. Material for forma betw 10 and 80 cts / cu yd of cone in place. 

3H. Fabrication and erection will cost from $4 to $10 per 1000 It B.M. 

foi the simpler forms of construction, m buildings, from $10 to $20. 

39. The cost of forms may be as low as 10 and as high a.s 50 per cent of 
ttie total cost of the cone in place; 25 to 35 % for forms for ordinary reinfd 
woi k, 50 % or over for detailed building woric, 

to. The cost, per f»q ft of Hnrface (as one side of a wall) can be 
best computed for the work in hand, given the cost of the lumber and labor 
ivailable; but will usually be betw 4 cts and 20 cts. 

41. The cost of forms, per en yd of concrete, in building constr, 
is .stated betw $3 and $10, from $4 to $6 being suflicient for floor construc- 
tion, and to $7 being more usual limits for forms for reinfd work. 

12. Nhifting; and depreciation. The figures given for coat of 
forms as.sumo that the material is not used again. For special work, in- 
volving difficult aiifl unu.sual details, the forms are practically worthless 
afti'i they have been used. Ordinanlv the lumber can be used 2 or 3 times 
before it is discarded. On large buildings, the forms for which are carefully 
de, signed, and where the detailing is similar thruout, forms may be used a 
hail dozen times. 

III. The labor of shifting forms will be not much less than the labor of 
iirsl erecting them. 

41. Cost of labor, for placing forms, betw 3 or 4 % and 20 % of the 
Cost of cone in place. 

Cost of Placing. 

45. Cost of fabricating (bending, framing, &c) and placing 
reiiifmt, from about to 1 ^ cts / lb of remfmt. Unit systems, 33 to 
50 % more. 

46. nepoNiting. The actual labor reouired, for depositing only, seldom 
amounts to more than an extra man t'* help dunm c^ts, move shutes, etc; 
not more than a few cts per cu yd of cone placed. Records indicate from 
7 cts up, but these probably include transportation from mixer to forms. 



1378 


CONCRETE. 


47. Spreading and ramminij:. Cost varies greatly with the 
character of the work; being as low as 15 eta / cu yd in fairly rough masa 
work (5 eta if the mixture is very wet); and as high as $1 or more 
where much care is taken in placing, tamping, ramming and spading. Less 
if cone is dmnpt fiom earts or buckets in large quantities. 

48. For ratnining alone, from 5 to 15 or 20 cts / cu yd; seldom over 40 eta. 

idiHcclIancou!* ConIn. 

49. Innpection and Nuperlntendeiifie, as usually done, about 1 
to 3 % of the cost of the work. In view of the gross inefficiencies that are 
likely to result if the work is not well arranged or the men not kept up to 
standard, it may pay to expend as much as 5 or 10 %,or more, 

50. I'inlNhln^. Data very variable, due probably to diff in method. 

51. Washing with bru.sh, ct to 7 cts / sq ft of .surf; with dilute hy- 
drochloric acid, to remove efflorescence, about 20 cts / s(i ft. 

52. Bush hammering; 3 to 2ti cts / sq ft. Pneumatic, less than 1 ct. 
Pointing up and brush coating, 25 cts / .sq ft or more. 


Total Co^itM. 


5S. Plain. For total costs, see “Mass,” etc, 56. 

54. Dry cone, about .fl more per cu yd than wet, due to additional 
labor of ramming. 

55. Gravel cone SI to S2 / cu yd cheaper than stone cone, given the 
same ratio of (sand + stone) to ceip, the greater dilT obtaining in mixtures 
low in cem. 


56. MaHM. Breakwaters, fortifications, etc, cost betw .S5 and $7 / cu 
yd of cone in place, the av being very cl(»se to $6. Extremes as low as 
and as high as $8. 

57. Reinforced. Where work is well organized, reinfd buildings may 
be built for as low as $10 / cu yd of cone in place; but the general av i.s 
nearer $18, while some builders estimate roughly on $1 / cu foot ($27 / cu 
yd) altho few records run so high. 

58. The cost depends chiefly upon the fonn.s (see "Forms,” H 36). If 
these are well designeil, so that they are easuly shifted and cun be used re- 
peatedly, the cost is low; as compared with special jobs, where relinements 
in designing would not pay. 

59. Ketainiiiv wallH. foundation walls, abutments, locks, piers, etc, 
vary greatly, apparently owing to the widely varying difficulties of construc- 
tion hkely to be encountered. The extremes run from $4 to $16 / cu yd 
of cone in place. Quite often, however, the price will be betw $6 and $9. 
Reinfd walb from $3 to $10 more. 

60. Archm of moderate span, say up to 30 ft, for culvert work, etc, 
from $5 to $10 / cu yd. 

61. Bnlldinips. Cost may be expected to fall betw $6 and $12 / cu yd 
of cone in place, with the av about $8 for plain, and $10 to $15 or $20 for 
reinfd construction. 


62. For any given type of constr, all portion.? of a building (except 
foundations), such as the floors, walls, and columns, cost practically the 
same per cu yd. 

6S. Mr. L. C. Wason (E R, '09, Feb 27, p 233) gives, as eont ol 


bnildinirs : 

S per cu ft of space enclosed 

$ per sq ft of 


max 

av 

min 

max 

av 

Offices and stores. . 

.. .0.197 

0.131 

0.084 

2.42 

1.77 

Factorios 

. . .0.129 

0.102 

d.060 

1.70 

1.34 

Garages 

...0.118 

0.102 

0.085 



Filters 

...0.333 

0.233 

0.134 

3JS2 


Storehouses 

. . .0.083 

0.076 

0.069 

0.84 

0.71 

Mills, etc, 2d class. 

...0.122 

0.069 

0.045 

IJil 

0.90 


miu 

1.12 

0.90 

1.23 

1.04 

0.58 

0.54 
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TuK plaateriug of the iunide walls ut buildiugs, whether doue oq laths, bricks, or 
atone, generally consists of three separate ctsits t)t mortar. The hist ot these is called 
by workmen thfd*ruu<jh or scratch coat; and consists of about 1 measure ol quicklime, 
to 4 ot sand ; (which latter need not be of the purest kind;) and measure of bul- 
lock Ol horse hair; the last of which is for making the mortar more cohesive, and 
less liable to split oft m siiots. This coat is about % to inch thick; is put on 
roughly ; and should be pressed by the trowel with sufficient force to entei perfectly 
between and behind the laths; which for facilitating this should not be nailed 
nearer together than ^ an inch. In rude buildings, or in cellars, &c, this is often 
the only coat used, mien this first coat has been left for one or more days, accord- 
ing to thedr>iieB8of the air, to dry slightly, it is roughly scored, or scratched, (hence 
ith name,) with a iiointed stick, or a lath, nearly through its thickness, by lines run- 
ning diagonally across each other, and about 2 to 4 ins apart This gives a better 
hold to the se.coud coat, which might otherwise peel oft If the first coat has be- 
come too dry, it is well also to dampen It slightly as the second one is put on. 

The second coat is put on alaiut % to % inch thuk. ol flu* same liair mortar, oi 
cutnse stuff. Before it becomes hard, it is roughed oier by a hickory broom, oi 
some substitute, to make the third coat adhere to it better. 

The third coat, about inch thick, contains no ban . and for giving it a still 
whiter and neater appearance, more lime is used, say 1 oi lime, to 2 ot sand; and 
the purest sand Is used. This mortar is by plasterers called Ntnoro; a name 
also applied to mortar when used for plastering the out.sides ol buildings. Or in- 
stead of stucco, tnetlilrd coat may be, and usually is, of hard finish, ot gouge iduff; 
winch consists of 1 measure of ground plaster of I'aiis, to about 2 of quicklime, 
witliout sand. Hard fimsh works easiei ; but w not as gixtd as stucco, tor walls in- 
tended to be painted in oil. The plaster of Fans is toi Icistcniiig the hardening. 

Kiiher of those third ooats is smoothed or polished to « greater or less extent, according to whether 
it iH to allow, or to be papered, paiut<-d, Ac. The polishing tools are morel) , tiie trowel ; tiic hand- 
float, (a kind of wooden trowel ,) and the water-brush, (a short-handled brush lor wetting the surface 
part at a time with water, in order to polish more freely ) For liner iiollshing, s flout made ot cork 
18 used. The smooth piece of board about 10 to 12 Ins square, aitli a handle lieneath, on which the 
ptEMterer holds his mortar until be puts it on to the wall with his trow el > is called a hawk. 

The more thoroughlv each coat Is gone over with the water-brush and trowel, (which prooeia is 
oalleil hand Jtoating,) the firmer and stronRor will It be Frequently only two coam of plastering an 
put ou in iarerlor rooms ; or where great neatness of apiJearance is not needed The first is of hui 
mortar, or coarse stufl^: this is aoratched with the bnwrn, and then covered by the finishing coat ol 
liner mortar, tslucco.) If this last is nearly all lime, or with but very little ssi'd, to « work 
eaau-r, it is oalled a slipped coat. Without any sand It is called fine stuff. Neither is u gora as 
Btucco, if the wall is m be papered. When this U the case, the third coat also may have a lltUe hair, 

to give it more strength ; but this is not absolutely DPoessary. .... . 

A very good effect may be produced in station bouses, churches, Ac. by only two coats or plaster va 
which flue clean screened gravel is used Instead of sand. When lined into regular oonrses, Itresem- 
bleHabuff-colopedsandHinne, very agreeable to the eye, .u ^ 

In purchasing plastering hair, care must be taken that U has not been t^n 
ina<.much as the salt will make the walls damp. For the same cause sea-shore sand should not be 

used It Is almost impossible to wash It entirely free from salt, v i.. 

In brick walls Intended to be plasterml. the mortar jointa should te left very rough, to let tbe plM- 


use iiaint rather than plaster. The walls should al«> be washed dean IXOBt all dust ; ana snouia ue 
sliRhily dampened as the plaster Is put on. .v . r i- t. rrnntrr. • 

To imitate granite on outer walls ; after the second or smooth of plwter la **7. 1* • 

coat of lime wash, slightly tinted by a little umber, or ochre. 
too dark, or too light, another may be applied with more or less 
a wash of lime and mineral-black is spntMed on fn.ro a flat 

gi anite. By this simple means, a skilful workman can produce e S 

and vertical joints of the imitation masonry, may bo ruled in by a small brush, using the same blacfl 

* ■* »' -iS 

means of long straight-edges extending over two o' more of the latter. 

A day’s work at planlcrlnif. 

A .iM b. »r “ s 5i,r.'KtS-“i.Sfflr2i!SS.n5^ 

‘▼wage from KH) to 200 sauare vards a dayi Of first float, aoout » h muoa oi rnmnua, mw owi as 
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47. Spreading and ramminij:. Cost varies greatly with the 
character of the work; being as low as 15 eta / cu yd in fairly rough masa 
work (5 eta if the mixture is very wet); and as high as $1 or more 
where much care is taken in placing, tamping, ramming and spading. Less 
if cone is dmnpt fiom earts or buckets in large quantities. 

48. For ratnining alone, from 5 to 15 or 20 cts / cu yd; seldom over 40 eta. 

idiHcclIancou!* ConIn. 

49. Innpection and Nuperlntendeiifie, as usually done, about 1 
to 3 % of the cost of the work. In view of the gross inefficiencies that are 
likely to result if the work is not well arranged or the men not kept up to 
standard, it may pay to expend as much as 5 or 10 %,or more, 

50. I'inlNhln^. Data very variable, due probably to diff in method. 

51. Washing with bru.sh, ct to 7 cts / sq ft of .surf; with dilute hy- 
drochloric acid, to remove efflorescence, about 20 cts / s(i ft. 

52. Bush hammering; 3 to 2ti cts / sq ft. Pneumatic, less than 1 ct. 
Pointing up and brush coating, 25 cts / .sq ft or more. 


Total Co^itM. 


5S. Plain. For total costs, see “Mass,” etc, 56. 

54. Dry cone, about .fl more per cu yd than wet, due to additional 
labor of ramming. 

55. Gravel cone SI to S2 / cu yd cheaper than stone cone, given the 
same ratio of (sand + stone) to ceip, the greater dilT obtaining in mixtures 
low in cem. 


56. MaHM. Breakwaters, fortifications, etc, cost betw .S5 and $7 / cu 
yd of cone in place, the av being very cl(»se to $6. Extremes as low as 
and as high as $8. 

57. Reinforced. Where work is well organized, reinfd buildings may 
be built for as low as $10 / cu yd of cone in place; but the general av i.s 
nearer $18, while some builders estimate roughly on $1 / cu foot ($27 / cu 
yd) altho few records run so high. 

58. The cost depends chiefly upon the fonn.s (see "Forms,” H 36). If 
these are well designeil, so that they are easuly shifted and cun be used re- 
peatedly, the cost is low; as compared with special jobs, where relinements 
in designing would not pay. 

59. Ketainiiiv wallH. foundation walls, abutments, locks, piers, etc, 
vary greatly, apparently owing to the widely varying difficulties of construc- 
tion hkely to be encountered. The extremes run from $4 to $16 / cu yd 
of cone in place. Quite often, however, the price will be betw $6 and $9. 
Reinfd walb from $3 to $10 more. 

60. Archm of moderate span, say up to 30 ft, for culvert work, etc, 
from $5 to $10 / cu yd. 

61. Bnlldinips. Cost may be expected to fall betw $6 and $12 / cu yd 
of cone in place, with the av about $8 for plain, and $10 to $15 or $20 for 
reinfd construction. 


62. For any given type of constr, all portion.? of a building (except 
foundations), such as the floors, walls, and columns, cost practically the 
same per cu yd. 

6S. Mr. L. C. Wason (E R, '09, Feb 27, p 233) gives, as eont ol 


bnildinirs : 

S per cu ft of space enclosed 

$ per sq ft of 


max 

av 

min 

max 

av 

Offices and stores. . 

.. .0.197 

0.131 

0.084 

2.42 

1.77 

Factorios 

. . .0.129 

0.102 

d.060 

1.70 

1.34 

Garages 

...0.118 

0.102 

0.085 



Filters 

...0.333 

0.233 

0.134 

3JS2 


Storehouses 

. . .0.083 

0.076 

0.069 

0.84 

0.71 

Mills, etc, 2d class. 

...0.122 

0.069 

0.045 

IJil 

0.90 


miu 

1.12 

0.90 

1.23 

1.04 

0.58 

0.54 
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laid horizontally from rafter to rafter; or sloping, from purlin to purlin as tha 
case may l)e; or to stout laths t t i about 2 to 3 ins wide, and from 1 to 
thick, nailed to tlie rafters at distances apart to suit the gauges of the slates. 
Two nails are used to each slate ; one near each upper corner. They may be either 
of copper, (which is the most durable, but most expensive,) of zinc, or of either 
galvanized or tipned iron. The last two are generally used ; or in inferior work, 
merely plain iron ones, previously boiled m liiKseeu oil, as a partial preserva- 
tive from rust. Rust, however, sometimes weakens them so much that they 
break; and the slates arc blown oil in high winds, to the danger of passers by. 
Since good slate endures for a long series of years, it is true economy to use 
uaiK that, are equally durable. In iron roofs, the slates, i'ustead of being nailed 
to l)oarih, are suuietiiues tied directlj to the iron purlins, by wire A square of 
slating, shingliiig, Ac, is 100 sq It. 

In laboratories, chemical factories, &c, subject to acid fnmcM. it is diflQcult to 

provide a mvial tasteuing that will not be eaten away In such crhch It is best to depend chietly upon 
a Ujcr of mortar between the slates. This will harden before the metal fastenings give way; and 
wlil hold the slates in pluee, while new fasteuings are being liiseited. 

The IciUhC pllcia considered adviaablc fora roof, to prevtnt rain or snow from being driven 
through the interstices between the slates, is about 2(iJ4'’’;orl ten to 2bor; * hith cnrie>ponds to 
a rise of *4 the span in a common double pitched roof Rut even at steeper pitches, ruin, and more 
partieiilarly snow, will be forced thn ugh the roof b> violent winds; eh|itclatlj iflaths atone be used, 
or even boarding alone. To aviod tins, a layer of mortar about }4 tuoh thick, may be spiead over 
the touchiug surfaces of the slates if on laths. If on boards, the same process may be adopted; or 
the more emuraou one of tlrst covering the hoards with a layer of what is called slatttig /elt , but 
which in reality is inerelj Ihiolc brown piiper, soiiki d in tar. Tins is sold in long continuous rolls, 
28 ins wide, and weigbing fromfOtoSUlbs. A 6« lb roll will cover about 800 sqftof loof. With 
proper precaul iiius against the admission of rain and snow, a pitch as Hat as i in or even 1 in 
il mar be adopted. 

The thickness of slate on a roof is double; except at the lapi i$, is, kc, where it is triple. The 
lap IS measured from tbe nail hole (under i) of the lower slate, to the lower edge or tail, s, of the 
upper one, and is usu.tlly about 3 ins In order that the showing lower edges of the Slstes shall, 
wlifii laid, form reeulur straight lines along the root, the nail holes are made at equal riistHuecs from 
s«id lower edg s, so that any Irregularity of length is concealed from view at tbe hidden hradsot 
the slalos. The slater estlmalos the length of hts slate from the nnil hole to the tail; discaidiug the 
narrow strip between the null hole and the bend If from this reduced length the lap be deducted, 
then one-half of the remainder will be the gauge, wratlnerinq, or waij/tn, of tbe aiming, or, in 
other words, the showoiq or cj'/io'iei/ width of the courses of slates. The gauge in ins multiplied 
by til" width of a slate in ins, gives the iin-a in sq Ins of duishcd roof covered by a single slate ; 
uudiflst (the sq ins in asqfoot)be dividedbv this urea, the quotient will bethe iiumla-r of slates 
reipiired per sq It of roof. Tlie upper aide of a slate is called its hucA. , the lower one. Its beef. 

Slating, like hliingiiiig, must evidently be eommeneed at. tbe caves, and extended upward Since 
the lied* of the slut-, are not exactly parallel to the boarding, and consequently do not rest fiat ujain 
It, those at the lower edge tv would e.i8ilv be broken. To nrevent this, a tilting strip (a 
stout wide lath, with its upper al ie planed nliltle bevelling, to suit tbe slope of the slates) is first 
nulled around near the eaves, for tbe tails of the lowest course of slates to rest on. This is shown on 
a larger scale at T. 

.Slate of the best quality has a glistening semi-metallio appearance, somewhat like that of a sur- 
face of paper rubbed with black-lead penril. That of a dull enrtby aspect, is softer, more absor- 
bent. and cunnequentiy more liable to yield to atmosjiberic iunneucea, rain, frost, fto. Iron pyrites 
fre<iucntly occurs in slate, and siuce it always decomposes and leaves holes, should never be admitted 
oil a roof. Of two quiillties of slate, that wbicb absorbs the least weight of water, when pieces ol 
e<iual sixe are soaked for an hour or two, is generally the best; being least liabla to ^lit by frost, 
and become weather-worn. This test is easily applied. 

lu Kngland tbe diflTtPrent •Iseis are dial Inguisbed by absurd names of no meauiug. In tb* 
United Slates they are called « bjl2'B; 16by2t's, Ac, according to their inea-iurcs m inches. They 
may tie out to order, of almost any prescribe dimensions, or slinpe, 'I hose lu comiiion use vary from 
about 7 by U, to 12 by 18. The first forms about 5 to 6 inch courses ; aud the last about 7 to 8 inch; 
dependiug upon how far from the head the nail boles are pierced. The farther this Is, tbe flrmei 
will the slating be. 

Sinte roofs, like iron ones, beat the rooms Immediately below them very much. This is somewhat 
dimiiiiihed when the elates arc on boards, instead of laths; and still more by a coat of plaster be- 
in «th They are also liable to break when walked on; le«s so when bedded in ttiortur. 

Weiipnt of dlate roofs. Shite weigha about 175 tbs. per cub fool; therefore, 
••<1 ft, H inch thick, weighs abont 1.8 Ibu, 2 7 Tbs; and thick, 3 8 lbs. Rut owingto the 
overlapping, a square foot of roof requires about 24 sq ft of slate of ordinary sixes; and if the 
slate is laid on boards an inch thick, the weight per sq ft of roof will be increased about 2J4 Ibs) 
oe with 1)4 Inch boards, 2.8 lbs. Laths will weigh about % lb per sq ft of roof. 

Heuce, 

ipprox Weight 
of one tq ft of 
Slating, in lbs. 


Slate M inch thick on laths 4 75 

“ .on 1 Inch boards 6.76 

“ “ on l}i ** “ 7.30 

“ 3-16 " on laths 7.00 

" " " on 1 iucb boards - 9 00 

" " " on “ “ 9.56 

'* <' on laths 9.25 

" “ '• on I inch boards 11.25 

„ . on lt4 “ " 11.80 

ir elating felt Is used, add ^ ; or if the slatee are bedded in H inch of xnorUr, add 8 Ibg 
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For the totil tn’ighi borne by the roo/tru««c«, that of the purline dlso must be ndded, TblswtU 
not vary much from the limits of 1 to J tbg per aq ft in roofi of moderate span. Add for wind and 
•now, say 20 lbs par aq ft ; and finally add tba weight of the truaa itaelf. 


For Stopplnip the Jolnte between slates (or shingles, &c) and chimneys, 
dormer wiudnas, Ac, a mixture of atitf white lend paint, as sola by the keg, with aaud enough to pro- 
TODt it from running, is very good; espeoiaily if protected by aooverlng of strips of lead, or copper 
tin, Ac, nailed to the mortar-Juints of the chimneys, after being bent so as to enter said Joints; which 
should be scraped out for an inch in depth, and afterward refilled. Mortar protected in the same 
wav, or even nnoroteated, is often used for the purpose; but is not equal to the paint and sand. Mor 
tar a few day ,ld| (to allow refraotory particles of lime to slack, ) mlx^ with blaoksmilh's oindera 
and molasses, is mnoh used for this purpose , and beoomes very hard, and effective. 


SHINGLES. 


Whit* cedar Bhinglfis are the best in use; and when of good quality will last 40 or 
50 years in onr Northern SUtes. They me usually 27 ms hnig; by from 6 to 7 ins 
wide; about inch thick at upiier end; and alamt % at lower end (ir butt; and are 
laid in courses about 8t^ itis wide; so that not quite shingle is exposed to the 
wsatlier. 

They are usually laid in three thicknesses ; except for an inch or two at the upper ends, where there 
are four. They are uafled to sawed shingling-laths of oak or yellow piue; about IS ft long; inr 
wide, and 1 inch '.hick; placed in horisouial rows alMiutS*^ ins apart. TheHe are nailed to the raft 
ers, or purlins ; which, for laths of the foregoing size, should nut be more than ‘i ft apart from neuter 
to center. Two iiallg are used to each shingle, near its upper end. Tliey should not be of less size 
than 400 to a ib. Wrought nails being the strongest, are the bent ; cut ones are apt to break 

by the warping of the shingles. Two pounds of such nails will nulfice for 100 sq ft of roof, including 
waste. An average shingle ins wide, in 8^ inch courses, expusns sq ins ; making shingles 
to a sq ft of roof, but to allow for waste, and narrow sinaglos, it is better in practice to allow aliout 3 
shingles to asq ft. 

Shingling like slating, must pintniv be begun at the eaves ; and extended upward. For closing the 
Joiou between the shingles, and chiuinevs, dormer windows, Ac, see at end of Slating. 

Cypress and white piue arc also much usxd for shingles, being much clieaper, but scarcely half « 
durable. All shingles wear quite thin in time by rain and exposure In warm damp climates thet 
all decay within 6 to 12 years 


PAINTING. 

Te* principal material used in house-painting, is either white lead, or oxide of 
*inc, ground in raw (unboiled) linsoed oil, liy a null, to the consistency of a tlilck 
paste. In this condition, it is sold l»y the luannliwturers in keps of 25, 50, and 100 
fee. To profiare U for ai tual use, merely requires the addition of more linse^ oil, 
4ay 3 or 4 pints to 10 Q)s of the keg paint, for thinning it sufficiently to flow readily 
under the brush. 

Good palhlitig requires 4 or 5 coats ; but usually only 4 are used tu prlnotpal rooms ; and S in Infferior 
ones. Each ooat must be allowed to dry perfeotly before the next one is put. on. One fi) of the keg 
paint will, after being ibiaae<l, cover about 2 sq yds of first coat; 3 yds of second . and 4 yds of each 
subsequent ooat ; or 1 sq yd of .1 ooau will re(|uire in all, I 08 lbs ; of 4 coats, 1 14 fts ; of 5 coats, i 58 
Ihs. The reason why the first costs require so much more than the subsequent ones, is that the hare 
surfaoe of the wood absorbs it more. 

When, as is usual, raw or unboiled oil is used for thinning, dryers must he added to it; otherwise 
the paint might require several weeks to harden ; whereas, with dryers, from I to 3 days, acoording 
to the weather, suffloe for each ooat to become hard enough to receive the next one. The dryers most 
commonly used, are powdered litharge, in the proportion of one heaped teaspoonful ; or Japan var- 
nish, 1 table-spoonful, (o 10 Ihs of the keg paint. Either sngar of lead, or sulphate of lino, may also 
be used instead of litharge ; and in the same proportion. Although both litiiarge and Japan varnith 
are dark-colored, yet the quantity is so small us nut to appreoiably affect the wliiteness of the paiut. 
If the varnish is used in excess, as is often done in the hurry to have work flnislied, it produces 
crooks all over the surface. No dryer it necessary if painters' boiled nil be used for thinning. Mere 
boiling will not cause oil to harden more rapidly'; hut that intended for painters, has litharge added 
(0 It preriouitj to boiling, in the proportion of lbs to each 10 gallons of raw oil In some works 
written for the use of house painters, it is asserted that boiling renders the oil too thick for any hot 
coarse outdoor work. Bat this is entirely a mistake; for if the boiling be properly done, the oU 
will be quite thin enoogb for the best inside work; and will moreorer be clearer tlmu while raw ; and 
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MU impart to the paioteil surface a more ahinlng appearaaoe. The heat abould be barelj aufflolent 
lo produce boiliog , or about 600^ Kab. The boiling should coDtlnue about l>t hours ; the oil bei&g 
lioroughl; stirred at short luieri als, to prevent the litharge from setiliug at the bottum. The fire 
may then be allowed to subside ; when the operattou will be completed. A isedimeut will then form 
It the bottom ; wbiob must be left behind when the oil is poured oft Although no dryer Is necessary 
with this oil, still a little litharge may be added when great expedition demands it. Patuiers rarely 
use this oil. on account of Its trifling increase of cost. 

Auuiher substanocf much used with the thinning oil, (except for the first coat,> is spirlis of turpeh- 
tiiio , called “ turp " by the workmen. The quantity of oil may be diminished, to the extent of the 
added turp. This being more fluid than oil, causes the paint to work more pleasantly uuder the brush. 
It moieovur dlmiuishea the leudency of the paint to become yellow , especially in rooms kept closed 
for some time. It is also much ciieupi>r than oil. It should not be used, or but ipariugly, fm exposed 
outdoor work; luasmuch as its tendency is to impair the hrmuess of the paint, and although ita 
eflects are scarcely appreciable indoors, they are quite appaieut when the work has to resist the 
weutlii r .\s the rashiniis chauge lu house- painting, the surface is at times required to presents 
lAinini/ or (//oss^ fiiiish , at other timeh a dead one is iii vogue. The glossy our. is that which the 
nuiul will uatiiraily have, provided that no more turp than oil be used in the tbinuing. The dead 
fliii'ih IS obuiiied by using no oil, but tuip alone, for the last coat, which in that case is called a 

£ Uing coat Although turp is nut properly a dryer, still, as it evaporates quickly, it facilitates the 
rdeuiug of the piilnt. 

lu outdoor work it is usually advisable to use more dryer than inside, so thst the paint may sooner 
become hard cuough not to be injured by dust or rain. Otherwise less would be lictier. 

Wbeu, lUHiead of a white finish, one of some other color Is requiied the coloring Ingredient is 
mixed with the white paint to be used In the last coat only ; although two coloring costs tire some- 
times found to be necessary before a satUfuctoiy cflect is produced The oolui mg ingiedietiis may be 
indigo, lampblack, terra sfeuna, umber, ochre, chrome yellow, Venetian red, red lead, Ac, Ac , which 
are ground in oil. ready for sale, by the manufacturers of the white lead and zinc paints They are 
simply well stirred into the white paint. 

All surfaces to be painted, should first be thoroughly dry, and free from dust. If on wood, all 
plane marks, and other slight irregularities, should first be smoothed olT by saud-juiper when the 
neatest ituish is reiiuired. Also, all beads of nails must be punched to about incb below the sur- 
face. To pievent knots from showing through the finished work, |as those in white or yellow pine 
would do, on account of the contained lurpenline,) thev must Hist be killed as it is termed A usual 
and effective way of doing this, is by covering them with two cunts of shellac varnish , which, when 
dry, should be smoothed by sand paper. Another mode, not quite so certain, is by one or twoooata 
of w liite lead mixed with tbiti glue water, or size, as it is called. 

Alter these preparations, the first, or prtmmg eoat, is put on ; In which there should be to turp; 
because it would siuk at once itiUi the bare wihmI, leaving the white lead behind it, in a n early dry 
fiiable oondiiion. After this the nail holes, cracks, Ac, roust be hlled with common glaziers' putty, 
imido of whiling (fine clean washed chalk) and raw linseed oil, boiled oil will not answer; the putty 
would bo friable. The putty would be apt to fall out, if put in belore priming, btcsuse the wood 
would absorb the oil, and the putty would then sbriuk. After the first coal is perfectly dry, the 
second one is put on ; and for It about I measure of turp may be mixed with 3 measures of the thin- 
ning oil. In the third, and any subsequent coats, equal measures of turp and oil, may be used for 
tliinning, if the woik is requiied to dry mlh a glou, but if it is to finish dead, the last coat must 
le a flailing one ; or one in which the thtnaing oil is entirely omitted, and turp alone substituted 
for It, 

Painters generally clean their brushes by merely pressing ont most of the paint with a knife ; and 
then keep them in water until further use If to lie put away for some time, they may be thoroughly 
cleaned by turp; nr by soap and water. To prevent a hard skin from forming on the top of their 
paint when not used for some days, they pour on a little oil. 

The bestpainl!! for preservinir Iron exposed to the weather, 

appear to be pulvenzi'rt oxides of Iron such as yellow and red iron ochres; or brown hematite Iron 
ores finely ground . and simply mixed w Itli Husced oil and a dryer. White load appli^ directly to 
the iron, requires incessant renewal: and indeed probably exerts a corrosive effect. It may, how- 
ever, be ap[ilied over the more diirable colors, when appearance requires it Bed lead is said to be 
very durable, when pure. An liistanc'; Is recorded of pomp-rods, in a well '/OO ft deep near London, 
which, having first been thus painted, were In use for *5 years; and at the expiration of that time 
tlieir weight was found to be pnielsely the same as when new ; thus showing that rust had not 


affwied them. 

When the size of the exposed Imn admits of it, its freedom from rust may ^ 
by first heating it thoroughlv, and then dipping it Into, or washing it well with, hot liiiserf oil, 
which will then penetrate lute the interior of the iron. For tinned ron exposed to the weather, on 
roofs, rain pipesrAc, StiHnish brown is a very durable color The tin Is frequently found pei feotly 
blight ami protected, when this color has been used, after an exiwsure of 40 or 60 j eare. WhlU 


psint washes off In a few years by ram. . , » i 

Plastered walls should if possible he allowed to dry for at least a year, before being painted in oh 
otherwise the palui will Is* liable to blhter. They may, if preferred, be frescoed (water colon 

mixed with sire) to the desired tint during the interval. i. 

The painting of unseasoned wood hastens Its decay. If the surface to be painted is greasy, the 
grease must first he removed by water in which is dissolved some lime. 

WaifthM for ontaide work. Powning, in his work on country houses, 

rt^om^nneMtewSgi^ilicork; InaU^^ 

imuring over it boiling water sufficient to cover it 4 or 5 ms deep , "^’’-ring it until slBOked Add ? 
fc" of sulphate of zinc (white vitriol) dissolved u water idd water to “ i' 

•istenoe of thick whitewash. Apply with a whitewiish brush. This wash is white, but it may m 
Solored by adding powdered ochre Indian rod, umbnr, Ac. If lampblack is add'd to water-colors, 
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•hottid flnt be tboroDghlj diuolred la aloohol. The lulpbate of ilno oausei the wuta to beoome hard 
in a few week*. 

For brick, masonry, or roucrk-cnst. Slack buahel of lima ai 

before ; then All the barrel ^ full of water, and add a bushel of hjrdrauHc oement. Add 8 lbs of luN 
phateof zino, previously dissolved in water. The whole should be of the thickness of paint; and 
asay be put on with a whitewash brush. The wash is improved by stirring in a peck of white sand, 
Jnst before using it. It may be colored. If deiired like the preceding. ' 

He alto gives the following cheap oll-paint for outside work on wood, brick, stone, Ac ; and says it 
becomes far harder and more durable than oommou paint. Uue measure of ground fresh quicklime; 
add the same quantity of flue white sand, or fine ooal ashes ; and twice as miicb fresh wood ashes ; 
all the foregoing to be passed through a fine sieve. Mix well together dry. Itftx with as much raw 
Unseed oil as will make the mixture as thin as paint. Apply with a painter's brush. It may be col- 
ored like the foregoing, Uklng care to mix the colors well with oil before adding them. It is beat to 
put on two coats ; the first thin, and the second thick. 

Also, another, said to stand 15 to W years ; 50 lbs best white lead ; 10 (fharts raw linseed oil ; ^ 1b 
dryer* 50 lbs Hnelv sifted sharp clean sand ; 8 lbs raw umber. Add very little, say ^ pint of tur- 
pentine. Apply with a large brush. 

Cement for Htopping; Jointi, such as around cliimm^ys, &c, &c. White 

lead ground In oil, as sold by the keg; mixed with enough pure sand to make a stiff paste that will 
not run. It grows hard by exposure, aud resists heat, cold, and water. Pieces of itone may be 
strongly cemented together by It, allowing a few months for proper hardening. 

Whitewash for Iniiide work, according to Mr. Downing, “is made more 
fixed and permanent, by adding 8 quarts of thin eize to a pailful of the wash, Just before using. 
The best sise for this purpose is made of shreds of glove leather; but any clean size of good quality 
will answer," as thin glue-water. We will add, that the oommon practice of mixing salt with white- 
wash, should not be permitted. Paper pasted on a wall wbioh has previously been covered with salt 
wbltewash, is very apt to beoome wet, and loose, and to fall off during damp weather. The white- 
wash should be scraped off, and the wait or partition covered with a coat or two of thin sise, to pro* 
uct the paper from the effect of the salt that may still adhere to the plaster. 


GLASS, AND G LAZING. 

Window glass is sold by the box. Whatever may be the siae of the panes, a box 
^n tains as nearly 60 sq ft of glass as the dimensions of the panes will admit of. 

Panes of any size may be made to order by the manufacturers. The sixes given in the following 
able, as well as many others, ore generally to be had ready made Ordinary window glass of all ths 
slses in the Uble, la about one-sixteenth of an inch thick . and this is the thickness supposed to be 
Intended when a greater one Is not specified. DouhU-thitk glass is nearly % inch ; and lu priee is 
50 per ot more than the stnyle thick. It is of oonrse much stronger than toe single. 

The panes are oonfiaed to the eash hw glaaiers' pntty, made of whiting (powdered ehalk) and raw 
linseed oil ; and by small triangular piem of Miin tin, about inoh on a side, which uphold the 
glass while the potty is bsiog pot on ; aad are allowed to remain afterward, aa a proteotioo while the 
potty oootinoee soft. 


TABLE OF NUMBERS OF PANES IN A BOX. 


Biaein 

ins. 

Panes 

to 

a box. 

Size in 
ins. 

Panes 

to 

a box. 

Six* in 
ins. 

Fanes 

to 

a box. 

Site in 
inz. 

PanM 

to 

a box. 

Size in 
ins. 

Panee 

to 

a box. 

«X 8 

150 

13X86 

17 

16X43 

11 


mm 

30X66 

4 

7X » 

115 

I.i X N 

40 

46 

9 

36 

12 

70 

8 

8X10 

90 

16 

85 

64 

8 

30 

10 

33 X .34 

7 

13 

75 

1H 

81 

60 

B 

36 

9 

86 

6 

• X18 

67 

20 

'38 

18X«> 

20 

4-3 

7 

43 

6 

14 

57 

24 

38 

22 

18 

48 

8 

48 

5 

16 

60 

83 

17 

34 

17 

54 

8 

60 

6 

18 

45 

14X16 

83 

80 

14 

60 

5 

66 

8 

10X12 

60 

18 

29 

86 

11 

66 

5 

34X86 

6 

14 

63 

20 

36 

42 

10 

36X28 

10 

44 

5 

16 

45 


22 

60 

8 

33 

9 

48 

5 

16 

40 

SO 

17 

60 

7 

86 

8 

54 

4 

XO 

86 

86 

14 

20X23 

17 

42 

7 

60 

4 

S4 

80 

42 

13 

34 

15 

48 

8 

66 

8 

80 

34 

46 

11 

80 

13 

54 

5 

36X40 

5 

UX12 

55 

15X18 

80 

38 

10 

60 

5 

44 

5 

14 

47 

18 

27 

42 

9 

26X30 


48 

4 

16 

41 

20 

34 

48 

6 

86 

7 

54 

4 

M 

87 

1 24 

30 

54 

7 

42 

6 

00 

8 

86 

83 

80 

16 

64 

6 

56 

5 

70 

1 

84 

27 

86 

13 

! 23X24 

14 

66 

4 

36X44 

4 

18X14 

43 

40 

12 

80 

11 

80X34 

7 

53 

4 

16 

38 

18X18 

35 

86 

9 

86 

7 

40X46 

4 

18 

34 

20 

28 

42 

8 

43 

6 

54 

8 

SO 

30 

24 

19 

48 

t 

48 

5 

73 

8 

84 

35 

80 

15 

66 

8 

64 

4 

44X50 

8 

» 

30 

22 

SO 

86 

13 

60 

5 

80 

4 

56 

1 






1385 


The bflrt oaalitiee of Amerloan glan made In the liclnlty of Philadelphia, 
Boston, Pittsburg, do, are for most purely purposee, as good as those upom 


class of Englaud, Prance, or Germany, must oe useo, aiioougu me iinw 
moderate sized panes is from 6 to 8 times as great as that of the best quality 
sincle-tbick Atderlcan. Its perfectly tmooth surface, free from distorted rene<> 
tions, also makes it the best for covering pictures; still, if 
American panes be used for this purpose, few except critics in glass will deleci 
the djifereuce. 

A thick icla«a Is made expressly for floorlngr, up to 1 inch thiefc 
at>d up to 50 inches by 9 feet dimensions. Also, for skylights from }4 to A i^h 
tliick This can be furnished to order of any siz.' up to 40 inches by h or 1() feet. 
The smaller sizes c;ui also be had j/roi/nd.^^Jirlnding prevents the entrance of 
the full dare of the sun; and, moreover, diffuses the light over a much greater 
width of space below. 

Strength of xlass. Tensile 2500 to 9000 lbs per square inch. Boston rods 
by author, Jt'iOO to 5200. Crushing strength, 6000 to lOOjK) fts per square inch. 
Transversely, (by the writer's trials) flooring glass 1 inch and 1 ^t 

between the end -upports, breaks under a cent r load of about 17i> fts, con- 
sequently. it is consider.ibly stronger than granite, except as regards crushing ; 

"'rkmark!*^ Window and other glass which contains an excess of lotash or d 
BodVis very liable to become dull in time, owing to the decomposition of those 
ingredients by atmospheric influences. 
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HOPE. 


ROPE. 

rhe Strenjrth of row yaries greatly. Pieces from the same coil may vary 
25 per ceat. The table uelow 8U(>poseB an average quality Manila. Good 
Italian hemp is cousiderabiy stronger. The tarring; of ropes is said to 
lessen their strength ; and, when exposed to weather, their durability also. We 
lieiievethat its use in standing rigging is partly to dmunish contraction and 
expansion by alternate wet and drying weather. A few mouths of exposed 
work weakens ropes 20 to 60 per cent. 

Table of Manilla rope. 


Diam. 

ius. 

Tire. 

Ins. 

AVt jier 
foot, 
lbs. 

Bieaking load. 

Diam. 

ins. 

(’ire. 

Ins. 

m. per 
foot, 
lbs. 

Breaking load. 

Tons. 

lbs. 

'I’lnis. 

11)8. 

.2:t9 

% 

.019 

.25 

560 

1.91 

6 

1 19 

11.4 

2.5586 

.318 

1 

.033 

.35 

784 

2 07 


1.:19 

i:i.O 

29120 

.477 


.074 

.70 

1568 

2.2!} 

7 

1.62 . 

14.6 

32704 

.6:16 

2 

.132 

1.21 

27.13 

2 39 

73^ 

1.86 

16 2 

36288 

.795 


.206 

1.91 

1278 

2..55 1 

8 

211 

17.8 

.39872 

.955 

3 

.297 

2.73 

6115 

2.86 

9 

2 67 

21.0 

47040 

1.11 

334 

.404 

1 3.81 

8534 

318 

10 

3.:io 

24 2 

54208 

1.27 

4 

.528 

5 16 

115.58 

350 

11 

3 99 

27.4 

61:176 

1.43 

4^ 

.668 

I 660 

14784 

3.82 

12 

4 75 

30.6 

68544 

1.69 

5 

.825 

; 8.20 

1 8:168 

4.14 

VA 

5,58 

83.8 

75712 

1.75 1 

5% 

.998 

9 80 

21952 

4.45 

14 

6 47 

:t7 0 

82886 


Working; loadsi. For raanila ropes from 1 to \% ins diain, running at 
different speeds over sheaves of thediains stated, Mr, 0 W. Hunt (Trans Am 
Soc Mechl Kngrs, Vol. XXIIl, 1901) gives a table eralwidying approximately the 
following results of experience. Working load = C X nltiruate strength of new 
rope, I) — miniiuuiu diam of sheave, in ins. 


Speed 

ft per min 

as for work on 

C 

1" rope 
I) 

rope 

1) 

Slow 

50 to 100 

derrick, crane, quarry 

0140 

8 

14 

Medium 

1.50 to :ioo 

wharf, cargo 

0.056 

12 

18 

Rapid 

400 to 800 

0.028 

40 

70 


Such ropes wear out rapidly A rope V/^ insdiani wears out in lifting from 
f,000 to 10,000 tons of coal. On the other hand, 1% inch tratismtssion ropes, 
ruuning 6000 ft per min and carrying 1000 H. P. over sheaves 6 ft and 17 ft in 
diam, last for years. 

Mr. Hunt's figures for ultimate strength, based upon tests of full-sized speci- 
mens of inanila rope made by three independent rope-walks and purchased in 
open market, are practically identical with those given in our table above, as 
are also those of Prof. B. Kirsch, of the Imperial Boyal Technological Industrial 
Museum, Vienua, quoted by Mr. Hunt. 
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AND STSENOTHN OF WIRE ROPEIt}. 

Wire R()|>e manufactured by John A. Roeblin^^’N Nonn <’o., Tren- 
toiii. N. j., and othci's. See price list The prices and weifjhts 

given are for ropes with fiemp centers When made with irlrr centers, the prices 
per foot are 10 per cent, higher, and the weights 10 per cent, greater. A. 
Leschon A Koiih Rope €o., St. liOnifi, Mo. “Hercules” rope: 
strengths and prices average alwut 50 per cent, higher than for cast steel rope.i 


Diam. 

in 

Approx, 
oil cum. 
in ins. 

Wt 

per ft. 
in lbs 

Approx, break- 
ing strength* in 
tons of 2000 Hts. 

Minimum diam. 
of drum in feet. 

Price in cents 
per foot.t 

lUb, 

Iron. |c. steel. 

Iron, [c. steel. 

Iron. jc. steel 


Standard Hoistini^ Rope, with 6 strands of 19 wires each. 


1 



8.00 

78 

156 

13 

8^ 

117 

142 

2 

2 

6V4 

6.30 

62 

124 

12 

8 

92 

111 

3 

1% 

5% 

4.85 

48 

96 

10 


80 

98 

4 


5 

4.15 

42 

84 



63 

74 

5 

1% 

i% 

3.56 

36 

72 


m 

67 

66 

sy^ 


4b; 

3.00 

31 

62 

7 

sg 

48 

56 

6 


4 

2.45 

25 

50 

6J^ 

5 

40 

46 

7 

iVs 


2.00 

21 

42 

6 


33 

38 

8 

1 

3 

1.58 

17 

34 

5H 

4 

26 

30 

9 


2-K 

1.20 

13 

26 



20 

23 

10 


2 % 

0.89 

9.7 

19.4 

4 

3 

16 

18 

10^ 

V 

2 

0.62 

6.8 

13.6 

•IK 


12 

14 



1% 

050 

5.5 

110 

2% 

1 % 

10 

12 

m 


l)Z 

0,39 

4.4 

8.8 

2H 

1% 

8 

11 

10 a 

IS 

ig 

0.30 

3.4 

6.8 

2 

iH 


10 

106 

VB 

m 

0,22 

2.5 

5.0 


1 i 

7 

9K 


Transmisuton or Haulag:e Rope, with 6 strands of 7 wires each. 


11 

ly 

4^ 

3.65 

34 

68 

13 

8 K 

M 

60 

12 

iSx 


3.00 

29 

58 

12 

8 

43 

51 

13 

ig 

4 

2.46 

24 

48 

10^ 


36 

43 

14 



2.00 

20 

40 



29 

36 

15 

1 

3 

1.58 

16 

32 


5^ 

23 

28 

16 

K 

W 4 

1.20 

12 

24 


5 

17K 

22 

17 


H 

0.89 

9.3 

18.6 

0% 


14 

16 

18 

fi 

2 % 

0 75 

7.9 

15 8 

6 

4 

12 

ia}i 

19 

% 

2 

0.62 

6.6 

13.2 



10 

11 

20 

A 


0.60 ' 

6.3 

10.6 ! 


I 3 

8 

9 

21 


ig 

0.39 

4.2 

8.4 ! 

4 

1 

6K 

7y 

22 

* 1 


0.30 

3.3 

6.6 1 

3y 

2^ 

5% 

6% 

23 

%\ 


0.22 

2.4 

4.8 i 

2% 

, 2 

4% 

sy 

24 

A 

1 

0.15 

1.7 

3.4 


i 1% 

S% 

4 % 

26 

A 

Vs 

0.126 

1.4 

2.8 

ig 


4 


Notesi on the Use of Wire Rope, by the Rochling’s Company. 

The rones with 19 wires per strand are the more pliable, and therefore best 
adapted ror hoisting; and running; rojm. The others are stiffer and better 
adapted for g;iiy8, &c. Kopes of iron or hleel, np to 3 inches diameter, made to 
order. Hemp center rope is more pliable than wire center. Wire rope must 
not be coll^ or uncoiled like hemp rope. When on a reel, the reel 
siiould be mounted on a spindle or flat turn-table in order to nay off the rope. 
When forwarded in a small coil without a reel, roll the coil on- the ground like a 
wheel, and thus run off the rope. Avoid untwisting and short lieiids. To 
preserve wire rope, apply raw linseed oil (which may be mixed with an 


"'For the safe worhina load, take onoflfth to one-seventh of thi 
breaking load, according tp spew, 
t l^’or discounts, see price lisl 
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equal quantity of Spanish brown or lamp-black) with a piece of sheepskin, 
keeping the wool against the rope. If for nee in water or niider- 
g'round, add 1 bushel of fresh-slacked lime and some sawdust to 1 barrel ol 
tar. Boll the mixture well and saturate the rope with it while but. 

Galvanized wire rope for rigging is chea]ier and more durable than hemp 
rope; and does not stretch jiermanently under great strains. Its bulk is oue- 
sixth and its weight one-half that of heuip rojK*. Crucible castisteel wire ropes 
are much more durable than iron ones. They hbould be kept well lubricated. 

Patent Flattened Ntrand Wire Rope. 


Manufactured by A. Leschen & Sons Rope tlo., St. Lonis, Mo* 



Hoisting Ropes. Haulage and Transmission Ropes. 




llireaking* strength Minimum diam.of 

1 List i>ricet per I 


1 


in ttnih of 2000 ms. 

1 drum in feet. 

ioul 

t, in cents. 

s 

'Sow 

•M- 1 

— - 




— . 




A 

P 

s 

^ : 
be. 

0) 

« 

c 

E 

i 

V 

p 

1 



a 

E 

i 

« 

i 

2 1 

A. 

> 

9 

Ih 

C) 

.c a> 

'S ^ 

n 

'S 

a 

E 

0) 

2 © 

'S « 

*0 

0) 


‘5 ^ 

2 1 

y ! 

V 

TJ 

V 

a 

ei 

s 



O I 

k 

cc 

? 


cc 

a 

it 

Vi 

5 


Hoisting Rope. 



9 25 

2fi0 

176 

! 75 ' 

12 



285 

1 182 

152 

2% 

7.50 

211 

140 

; 66 i 

11 

8 

225 

144 

120 

2 


6.40 

168 

109 

' 54 

9 

Vi 

9 

2e8 

121 

104 



4 75 

140 

94 

: 45 

8K 

6'i 

5‘J 

V4 

156 

96 

82 


4.00 

124 

81 

40 

8 


137 

86 

74 

1% 


3 40 

106 

69 

34 


5^4 

(>% 

112 

73 

1 02% 

1% 


2.80 

84 

56 

28 

7 

5 


89 

59’ i 

52 

ik 

% 

2 :io 

67 

47 

21 

6 

^A 

5‘ i 

71 

511 

43 

iVs 


1.80 

56 

38 

17 

5 

4 

4% 

60 

^OA 

34 

1 


1.35 

32 

2i) 

13 


.i% 

3 

4 

49 

30 

26 


n 

1.00 

21 

9 

4 

3'.i 

37’ i 

24 

21 


% 

0 73 

22% 

16 

6 


2'.i 

3 

28 

18’.; 

\5% 



054 

19 

— 

— 

3 ' 


2'i 

25 

— 

13 



044 

r6% 

9% 

4 

2A 

1% ! 

2 

20% 

14>, 

10% 

A 


llanlaice and Transmission Rope. 


2.80 

80 

54 

27 


7' J 

0% 

88 

54 

45 

2:10 

64 

45 

22>^; 

8 

0% 

8>| 

70 

45 


1.80 

63 

36 

18 

&% 


Wa 

58 

36 

29 

1.35 

38 

27 

yi% 

6 

5 

0% 

44 

27’4 

22 

1.00 

30 

20 

10 

5% 

4% 

'6 

35 1 

2034 

1734 

0 73 

21 

14 1 

^% 

4% 

3>| 

4 % ' 

25 

14 

12K, 

0.44 1 

13 

» 1 

4^ 

3 ^ 

2>| 

0% 

]6’4 

10 



♦Working load = 0.2 X breaking strength. 

+ For discounts, see price list, pp 983 etc. 

t “ Hercules ” is a registered trade mark rope, “ made from a specially drawn 
and patent tempered steel, manufactured solely for this brand of rope.” 
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PAPEE. 

24 sheets 1 quire. 20 quires 1 ream. 


Sizes of drawing; papers. 



lUB. 

lUB. 


Ini 

IM 

Antiquarian 

.... 31 

X52 

Super Royal 

19 

X‘-i7 

Double Elephant. ... 

.... 26 

X40 

Royal 

19 

X‘24 

Atlas 

.... 26 

X34 

Medium 

17 

X22 

Imperial 

.... 21 

X30 

Demy 


X 20 



Cap 


X 17 


The English drawing-papers are stronger and superior to the American. Those 
by Wliatinau have a high leputation ; they are, however, of different qualities. When 
papei IB pasted on muslin, the difference in quality is not so important. Of paper 
in rolls, the German makes are the best. There is but little of other makes imported. 

Both white and tinted papers, for the use of engineers, are made 
ill (‘oiitiiiuous rolKs, without seams. Widths 36. 42, 64, 58, and 62 ins; usual 
lengths 40 yds ; hut can he had to order to 400 jus or more. These may also be 
had mounted on muslin, lu tolls 10 to 40 yds long. 

Cartrldffe or pattern paper is furiiLshcd in long rolls, of same lengths as 
while paper, mounted or not ; widths up to 64 ms. Color, a light buff. 

Tracings paper. Most of that sold, whether domestic or foreign, tears so 
readily as to be of comparatively little service. Parchment paper, 37 and 88 ins 
wide, rolls of 20 and 33 yds, is better, but does not take iuk perfectly. 

Tracing^ cloth, usually calleil tracmq iMUtUn, and sometimes vellum clothe is 
altogether preferable to tracing paper, on account of its great strength. Widths 
18, 30, 3G, and 42 iiis ; lengths to 24 yds. 

Profile paper is made in widths of 9 ins and 20 ins, and in single sheets 
or in long, couliniiuus rolls. 

llroMfl aectlon paper, mounted or unmounted, tracing paper and cloth, 
are furnished in sheets and in rolis, ruled in quarters, fifths, eighths, tenths, 
twelfths, and sixteenths of an inch, or in millimeters. 

Colors. Since the introduction of blue printing, tinted drawings are seldom 
made, excefit for architectural effect; but colors may be used to advantage on 
Mack-line prints from tracings, p 1390. A good draughtsman iieeds but few 
colors; .say India ink, Prussian blue, lake, or carmine, light red, bu rat umber, 
burnt sienna, raw sienna, gamboge, Roman ochre, sap green. Winsor A Newton 8 
colors are among the best in use. Purchase none but the very Itidia ink. 
Cakes of colors should always be wiped dry on pajier, after being rubbed tn 
water ; and but little water should be used while rubbing; more being added 
afterward. 

pencils. Genviw A. W. Faber’s Nos. 2, 3, and 4, arc vciy good. The 
liiirduess increases with the nuinher. Nos. 3 and 4 are good tor ficld-bouk use : which 
to piefcr, will depend on the chaiacter ol the pajier; No. 3 for smooth, and No. 4 for 
tlic coarser or moi e granular papers. lIis lettered pencils are of a higher grade and 
bi't ter suited for draughting. “ 11 ” stands for “ hard,” “ B ’ for “soft, degree 
of iiardness or of softness is indicated by the number of H s or of B s. F (inter* 
m. diatc) corresponds with No. 3. Dixon’s American pencils are gojxi. pie office 
•Iraughtsiiian should have a flat file, or a piece of fine emery jiaper glu^ to a strif 
of wood, uiHiii which to rub his leml to a fine point readily, after using the knife. 
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BLUE-PRINTS, ETC.* 

Art. 1. (a) In order to obtain the best results, all unneeesNary ex- 
pofinre, either of the sensitized paper or of the solutions, to sunlight or to 
other white light should be avoided 

(l>) I'leanliiirMs is of the hrst importance. The vessels in. which the solu- 
tions are made and mi\ed must be scrupulously clean, and, if washed with soap, 
must tie carefully rinsed with clean water. 'I’hey should be lelt full of water 
when not in use The presence of free alkali of any kind is latal to good le- 
sults, and immediately destroN s the blue color of a finished print, bee Art. lb (b). 
The .solutions mu.st not be allowed to come in contact with iron. 

Art. 2. (a) 'i'hr Solution used in sensitizing the uaper for blue-prints 
is usually that of /naoyanide of potassium {leU puissiaie of potash) faud am- 
moniocitrate of iron I citrate of iron and auiiuonia) in water 

(b) The two salts are usually diMsiolvrd Neparatrly and the two solu- 
tions then mixed. The potassium salt should be broken up fine The iron salt 
is usually quite pure and dissolves very rapidly It may he kept indefinitely in 
a solid state if periectiy dry, iuit it readily absorbs moisture, aud then becomes 
sticky and unfit for use ; and the solution is apt to iHicome mouldy after a few 
days, either alone or when mixed with the potassium solution. Hence, it should 
be prepared (in a dark room) in small quantities as required. 

Art. 3. (a) The following is an average of several recipes that give ex- 
cellent results: 

Solution A. 1 ounce of red prussiate of potash to fi ounces of water, or 2]^ 
ounces of the salt to a pint of water. 

Dissolve thoroughly aud filter. The solutions may be sufficiently filtered 
through raw cotton, and much more rapidly than through paper. 

Solution B V /2 ounces of ammomocitrate of iron to G ounces of water, or 4 
ounces of the salt to 1 pint of water. 

Dissolve thoroughly. Filter, unless the solution is perfectly clear. 

(b) Keep the two solutions in separate glass-stoppeied bottle.^ in a dark place 
until they are to be used. Then mix them in equal parts, and filter the mix- 
ture. Take care that no undissolved particles of the red prussiate get into the 
double solution. It in ust be rejected when its brown color changes to bluish green. 

(c) The combined solution will ecmt amateurs from 1 to 2 cents per ounce to 
make. Aliout 4 ounces will suffice for coating 100 suiiare feet ot pafier. 

(d) If a lew drops of strong aiiiiu<*uia solution be added to the citrate solu- 
tion, B, until the odor is quite perceptible, the addition of a saturated solution 
of oxalic acid in water to the double solution will hasten the prlnt- 
Inir in cloudy wealher. lo per cent of the oxalic-acid solution will in- 
crease the rapidity of printing about 2]/^ times; 20 jier cent., 5 times; ''>() per 
cent., 10 times* but with more than 20 per cent, it is diificuit to get clear white 
lines. In sunlight the difference is much less marked. {Engtnnrinff Nms, Dec. 
16, 1892.) 

Art. 4. (a) Where fine work is not essential, any well-sized paper, suffi- 
ciently tough to bear the washing, will answer. For important work use paper 
of fine uniform textuie and smooth hard surface, free from injurious chemical 
substances. If the solution penetrates below the surface, a iiortion of the chem- 
icals may remain in the }>aper iu spite of the washing, and damage the result 
Many papers are made esjiecially for this purpose. The Saxe (i.erman) and 
Rives (French) papers are considered among the best, .iohannot and Steinbach 
papers give good prints, but are not very strong. W^eston’s and Scotch linen 
papers are stronger, and the latter gives excellent prints. Before sensitizing 
a large (quantity of paper of a new kind, try a small sheet of it. Linen for sen- 
sitizing IS also sold oy dealers in photographic material and engineers’ supplies. 

Art. 5. (a) The wolntion Ih applied au the dark room of course) to 
one side only of the paper. This is sometimes done by ^^floatinm:** the 
paper upon the solution, taking care that none gets upon the hack of the sheet. 

♦See “Modern Heliographic Processes,” by Frnst Leitze; D. Van Nostrand 
Co., New York, $;i00; a work to which we are indebted for many valuable sug- 
gestions 

“Modem Reproductive Graphic Processes,” by Lieut. J. S. Pettit, D. Van 
Nostrand Co., Science Series, Ko, 7(i, 50 cents, deals chiefly with artistic photog- 
raphy, lithography, etc. 

See also paper by Benj. 11. TJ*waite, Proc’s, Inst’n Civ, Eng’rs, Vol. lxxxvi,p. 
812, reprinted in Engineering News, Nov. 27, 1886. 

t Noi the /errocyauide or yellc/w prussiate. 
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The paper is held by two diagonally opposite corners, and the diagdVial Joining 
the other two corners is then allowed to touch the surface of the liquid. Then 
the two coi ner.s hold in the hand are dropped first one and tlien the otiicr. The 

E aper sh-mld then he lifted, one half at a time, to see whether any air bubbles 
ave been formed under it. if so, they may he reiuoxed by drawing over the 
solution that halt of the sheet under which they occur, while the other half is 
held up Irom tl?e lujuid One or two nijimtea sutlice tor fioalmg, and the paper 
is then drawn out over an edge of the bath draining off the surplus liquid. 
This process requiro.s a tray larger than the sficet, and the inner surface of the 
tray must he m t only water proof, but also pi oof against chemical action from 
the solution < onsiderable care is required in the manipuUitiou 
A rf. (». («) riic solution is usually applied hy means of a soft wide bruRli 
(such, tor instance as those used lor wetting the leaves in letter-copying books) 
or a large aott sponge entirely free from sand or other grit 
Art.. 7. («) In ajiplyingthe soliiil»n, the paper may he lai<i upon a board cov- 
ered with soft smooth oil-rloth,, which, after each sheet is sensiti/cd, should 
be w’lped off, to avoid smearing the back of the next sheet 
(l») ThP operation must he quickly performed, so that no portion of a 
sheet may become dry before its entire surface has lieen coated Foi very large 
sheets it may he necessary, lor this reiuson, to emplo) two |Kirsons First cover 
the sheet by strokes of the wet sponge or binsh, nuivcd in the direction of the 
length of tlie paper, and then, immedialeh , hy light strokes at light angles to 
these and with the si onge or brush squeezed out, so that the solution may be 
uniforml'y and thinly distributed over the entire surlace Wash out the sponge 
immediately in the dark loom 

Art. S. (n) The [lafier is then hung up l€» ilry in the dark room, by meins 
of clips, of any convenient form and free liom iron. Small .sliects may be hung 
hy one corner; larger sheets hy two adjacent corners, or hy three or more places 
(according to size) along one edge, taking care to buckle this edae slightly, so 
Unit the paper may not be stretched in drying If the sheets are hung over a 
rod or rail the solution will drv unevenly at the bend. In order that the whites 
in tlie print may lie clear, tlie air should l>e warm, so that the i»aper may dry 
quickly and the solution be tims prevented from penetrating it deeidy. 

Art. 0. (a) Make sure that the pajicr is porf’ectl.Y dry before it is used 
or put away, and see that it is kept both diy and dark until it is wanted for use. 
If carefully prepared and preserved it will retain sensitiveness for a long time, 
but the best results are obtained with fresh paper, and it is liest not to keep it 
more than a month or two. 

Art. 10. (a) The traclnir paper or tracing cloth should bo of a bluish 
cast (a yellow paper delays printing), thin (see Art. lo, ), and as nearly 

transparent as possible It should he preserved, both before and after drawing, 
from long expo.sure to light, which tends to render it opaiiue 
(b) both before and alter drawing, it should lie kept either flat or rolled, and 
not folded, because folds render it difficult to bring the drawing into perfect con* 
tact with the sensitive paper in printing 
Art. 11. (a) The drawinyr or tracing should be made with the best 
India ink, rubbed very black The addition of a little gamboge or chrome yel- 
low increases the opacity. Lines drawn in chrome yellow and in gamlioge print 
well ; but Prussian blue or carmine shunld be rendered more opaque by the addi- 
tion of a little Chinese white or flake white Hold the tracing up to a strong 
light, in order to detect any weak places in the lines. 

Art. 12. (a) Printing' consists in exposing the sensitive paper to the 
action of light, the drawing being placed between the light and the sensitive 
surface. The arc elertric lig;ht prints more slowly i lian direct sunlight, but 
has the advantage of constancy in all weathers and at all hours, and of fixedness 
of position See Art. tfi (a). 

(b) Place the frame with its face per|ieiidicular to the rays of light, as nearly 
as may be, and see that no shadows, as of trees, buildings, etc , are mlowed to fall 
upon a portion of the drawing. 

(c) All handling of the pa)>er, such as cutting it to size or placing it in the 
frame, should he dune in a weak light. 

Art, 13. (a) To secure close contact between the tracing and the sensitive 
paper (see Art. 15, ) they are usually placed in a prlntin^-Draine. The 

essential parts of an ordinary frame are- the frame proper, a plate of clear glass 
for the passage of the light, and a padded back, which, by means of clamps and 
springs, presses the two sheets closely together and against the glass 
(b) The tracing is laid in the frame, with its drawn side next to the glass 
(but see Art IG b), and then the sensitive paper, with the sensitive 

side next to the tracing. Finally, the padded back is placed in the frame. 
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(c) The back is often made in two halves, hinged together and each provided 
with a spring, so that one half may be raised to permit exuiuination of the 
progress ui the exposure, while the otht-r half, remaining clamped, bol^ the 
tracing and the sensitive paper in position. 

(d) By using a frame left oiien at both ends long strips of sensitive paper may 
be used, a part at a time, the rest being rolled up at the ends ot the frame ai d 
wrapped lor protection from light. 

(e) 111 any frame it is nmiortaut that the glass be sufficiently thick to with- 
stand the pressure required in order to secure close contact between the two 
papers (see Art. 15, below), of excellent quality, and tree from detects which 
would obstruct or unequally refract the light. The glass should be carefully 
cleaned before printing. 

(f) Improved firms of printing-frames have rubber air-oushions in place of 
flannel pads. In others the neceanary pressure is secured by means of a vacuum 
produced between the tracing and the glass by means of a pump. 

(if) Printing-frames are supplied b\ dealers. The prices, including glass, vary 
from about $2 for frames in x 12 inches, to 8.!0 or 1H5 for frames ;t6 x bn inches, 
frames running on rollers, with tittings for exposing them outside of windows, 
are also furnished, at prices varyiug with the diiuensious and the requirements. 

(h) For large blue-prints, Prof E C. Cleaves, ol Cornell University, uses, 
instead of a frame, a wooden cylinder covered with felt and revolving on its 
axis. Upon this cylinder the tracing and sensitive paper are stretched by means 
of a suitable clamping device, and the cylinder is then revolveii in the sunlight. 
This method dispenses with the use of gla.s.s. It of course requiies a longer ex- 
posure than the ordinary method. {Trans Am, iioc. Mrc/i, , vol. viii p. 722.) 

(I) For still larger prints, Prof. R H Thurston stretches the two papers upon 
a thill board, which is then sprung into a curve and held in that shape, keeping 
the papers in tension upon the convex side This method al.so dispenses with 
the use of glass, and, the curvature ol the board and the papers being but 
slight the whole of the p.iper is exposed to the light at one and the same time 
{Trans, .tm. Soc. Mrch. Eng., vol. ix, p. 69(5 ) 

Art. 14. (a) The time required for exposure varies with the 
color, directness, and intensity of the light, with the thickness and opacity of 
the tracing paper, with the blackness of the drawing, with the maierials and 
the care usiea in sensitizing the pa{>er, and with the freshness of the latter, from 
two or three minutes to hours or even days. Roughly, we may say that in full 
sunlight, in Philadelphia, about three minutes ordinarily suffice from noon to 2 
p, M., and ten minutes at 10 a. m. or 4 p m , in the shade, thirty to fortv-flve 
minutes at noon; but no fixed rules can be given Experience must decide 
in each case. A preliminary experiment may be made with a small frame. If 
the back of the frame is in two or more pieces, the process may be inspected from 
time to time. 

(b) If perfectlv opaque ink be properly used, the blue background may be 
printed very dark without spoiling the lines, but over-ex ) insure in printing ren- 
ders the background first blackish and then of adingyshade SeeArt 17 (o)and 
(d). DrHwings in pale ink musUie printed very lightly, in orderthat the 

lines may remain while and it is best to use with them a weak light, or to pro- 
tect them by tissue paper or ground glass. See Art. IH (a). 

Art. 15. (a) To obtain jierfectly sharp imTiressions, the side of the tracing 
upon which ihe drawing is made should tie in immediate eontaet with 
the sensitized surface of the blue-piint paper, especially if, as with sunlight, the 
direction of the light is variable; lor. if any appreciable distance intervenes 
between the two, as in printing through cardboard (see Art. 16, below), the 
shadows cast by the lines of the tracing will move over the sensitized surface as 
the direction of the light changes, and thus give a blurred impression. In most 
cases, however, it is practically out of the question to place ihe two surfaces in 
this wav, because that position gives a rever-ed impression as regards right and 
left.* lienee a thin tracing paper or linen is recommended in Art. 10 (a). For 
the same reason it is imperative that the two papers be firmly and evenly 
pressed against the glass. 

Art. 16. (a) By using a light which is constant in position relatively to 
the surface of the tracing, such as an arc electric light, it is possible, by prolong- 
ing the exp<Mure for hours or even days, to obtain blue-prints from draw- 
ing madenponatontdrawiiifcimperoreven upon briatol board. 

(b) With sunlight the same object may lie accomplished, either by placing the 
original with its back to the glass, and the sensitive paper (which should be very 


* A print, thus reversed in position, may of course be easily read by means 
of a mirror. This is commonly done with Patent Office drawings. 
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thin) with its back to the sunlight, or by placing the printing Arame in the bottom 
of a deep and narrow box, so that the light can shine directly upon the frame 
only when approximately parali 1 with the long sides of the box To print 
rapidly, the sunlight must be kept full upon the frame by frequently moving 
the iK)x. 

Art. 17. (tO The print, when sufficiently exposed, is taken from the frame, 
and both its face and back are washed tnorouju^lily in clean water until 
the characteristic blue color is perfectly developed. 

(b) The washing should be done in a tray with a flat bottom larger than the 
largest print to be washed, and care should be taken not to injure the SuiTace 
of the prints by hard rubbing or by shaip lieuding, or otherwise. It is better 
to have a circulation of water in the tray, not only to keep the water clean, but 
also to bring at)out the necessary agitation of the prints without handling them. 

(c) The washing may be hastened, and dark or “over-exposed" prints nisy be 
lightened somewhat, by having the water warm, say at 90^ or 100° Fahrenheit. 

(il) Over-exposed prints may also be lightened by immersing them in water 
rendered slightly alkaline by ammonia. In this bath they at once assume a 

K urple tint, which soon becomes weaker. At the proper moment, which must 
e learned by experience, the alkaiine action must be stopped by drawing the 
print rapidly through a solution of 1 part of hydrochloric (“muriatic") acid 
(H. Cl ) in 100 parts of water. 

(e) Continue washing until the water has for some time come off* perfectly 
clear. Then hang the prints up smoothly to dry. 

Art. 18. (r) After washing, the application of a solution of from 1 to 5 
per cent, of hydrochloric acid, or of oxalic acid, in water, intensifies the bluw 
color, and is therefore useful in bringing out pale or “under-exposed" prints; 
but the prints must then be afterward washed again in pure water Hydro- 
chloric acid applied br/ore washing, or to imperfectly washed prints, will make 
the hneit show blue. 

Art. 19. (a) To erase a (white) line on a blue-print, go over the line with 
the sensitizing solution applied with a clean brush or q»ill pen. This should be 
done in a weak light. Then expose the entire print and re-wash 
(b) White lines are added to blue prints, usually in Chinese white; 
but the blue color may be removed, showing the white puper beneath, by apply- 
ing a saturated solution of concentrated lye (caustic soda or potash) or of car- 
bonzte of soda* or carbonate of potash, with a fine clean pen nearly dry. If 
laid on too freely, it spreads rapidly. Even if the pen is perfectly clean, the sur- 
face thus produced has a yellowish cast as compared with the white of the 
paper. The carbonate solutions act more slowly than the lye, but not less 
surely, and they are not injurious to the skin, whereas the lye burns badly. 
The ordinary lime-water sold by druggists makes little or no impression upon 
the blue color. If red, inutead of white, lines are desired, mix with the 
soda or potash solution ordinary carmine writing-ink, in such quantity (to be 
ascertained by trial) as will give the desired color. 

-Art. 20. (a) Blue prints which are to be subjected to much handling should 
be monnted upon cloth, or the prints may be made, in the first place, upon 
sensitized tracing linen. 


^E'ther carbonate (“washing-soda") or bicarbonate ("baking-soda”) wlB 
answ jf. 
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MODEEN EXPLOSIVES. 


Art. 1. Most of tbe explosive^*, which, of late yean, iiave been takini 
the place of gunpowder, coniiiiit of a powdered substance, partly saturatea 
with nitro-glycenne, a fluid produced by mixing glycerine with nitric and sul- 
phuric acids. 

Art. !t. Pure nltro-fflycerine, at 60° Fah, has a sp grav of 1.6. It is 
tdorless, nearly or quite colorless, and has a sweetish, burning taste. It is poison- 
ms, even in very small quantities. Handling it is apt to cause headai lies. It is 
insoluble in water. At about 306° Fah it takes fire, and, il unconfined, burns 
oarmlessly, unless it is in such quantity that a part oi it, before coming in con- 
tact with air, becomes heated to the exidoding point, which is aliout 380° I iili. 

N-G, and the powders containing it, are always exploded by meam of 
tharp percussion. See Ai Is 36, Ac. After N-G is made, great care is required to 
wash It completely from the surpliiH acids remaining in it Ironi the 
process of manufacture. Their pi escnce, either in the lujnid Is-G, or in tbe 
powders containing it, renders the N-G liable to spontaneous decomposition, 
wiiich, by raising the temperature, increases the danger of explo'^ion. 

Art. 3. freezes at about 45° Fab. Ji, i« then very dlflleiili of 

explosion, and must be thawcsl ffrudmlly, as by leaving it fur a sufiieimt 
length of lime in a comfortably warm room, or bj placing the vessel containing it 
in a secxnid ves-sel containing hot water, not over 106° Fah ; but nevei by exposing 
It to intense heat, as in placing it before a fire, or setting it on a stove or lioiler. 
Extra strong caps are made for exploding H-G and its nowdeis when frozen. 

Art. 4. NMt, owing to its incompressibility, is liable to explosion 
throuiirh accidental pereumiion. Tins, and its liability to leak- 
aipe, render it inconvenient to transport and handle. Hence it is larely used in 
the liquid state in ordinary quarrying and other blasting. In the oil regions of 
Penna, it is largely used in oil wells, in order to increase the flow. For this 
purpose it is coiitlned in cylindrical tin casings, from 1 to 6 inches diam, called 
lor^do-shells. These are suspended from, and lowered into tlie well by means 
)f, a cord or wire wound on a reel ; and are destroyed when tlie charge is ex- 

i iloded. They are about 1 inch less in diam than the well, and coiiluin usually 
rom one to twenty quarts = 3 lbs, 534 oz fo 6® 634 oz 

pointed at their lower ends, in order to facilitate their passage through the oil or 
water which may he in the well. When a greater charge than about 66)4 lbs is 
required, two or more of the.se shells are placed in the well, one on top of another, 
the conical point on the lower end of eacu onefittiiig into the top of the one next 
below. In this case, the N-G is fired by means ol a cap or series of caps placed 
In the top of the charge before it Is lowered. When the charge is in place, tbe 
laps are exploded by electricity led to them by conducting wires, as in Art 37, or 
(as in tbe method more commonly practisedl by letting a weight fall on them. 

When a well has been repeatedly torpedoeu, and ii caxity has thus lieen formed 
In it so large that the space sui louuding a tormdo would interfere too greatly 
with the effect of tlie explosion of the N-G on the walls of the well, the latter is 
placed directly in the well, by lowering a fin cylinder, filled with it, and pro- 
vided with an automatic arrangeinont which allow's the N-G to escape when at 
the bottom of the well. The N-G is then fired by a toriiedo suspended on a line, 
and having caps placed In its t(*p. Tliese caps are exploded by a leaden or iron 
weight sliding down the line, or by electricity. When the rock is seamy, the 
N-G is confined in short cylindrical tin shells, lowered into the cavity, and fired by 
a torpedo. It is also used for increasing the flow of springs of tenter. It of couise 
cannot be used in lior or upward holes, such as often occur in tunneling, Ac. 
Art. 5. N-G explodes so suddenly that very little taniplnK *» 

a aired. Moist sand or earth, or even water, is sufficient. This, with the fact 
lat N-G is unaffected by immersion in water, and is heavier than water, render 
it particularly suitable for sub-aqiueous work, or for holes containing 
water, provided the rock has no scams which would permit the N-G to escape. 
If the rock is seamy, the N-G must beconfiuea in a water-tight 
Sach casings, however, necessarily leave some spaces between the rock and the 
explosive, and these diminish considerably the effect of the latter. 

Art. 6 . The great explosive force of Is due |»artly to the very 
kTfe Tolame of gas into which a small quantity of it is converted by explosion, and 
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partly to the mddennesi wfth which this conversion takes place, the gases being 
liberated ahnost InstaTitaneouHly * vrhlle witli gunpowder their liberation requires 
a longer time. The suddeuiiess of the explosion increases its effect, not only by 
applying all of its force practically at one instant, but also by greativ healina the 
gases produced, and thus still furtlier increasing their volume. 

Art, 7. The liipiid condition of N-G is useful in causing it to fill the drill- 
hole eoinpletely, so that there are no vacant spaces in it to waste the force 
ot the explosion. On tiie other hand, the liquid form is a disadvantage, because, 
when thtifl used without a containing vessel in seamy rock, portions of tlie N-G leak 
away and remain nnexploded and unsuspected, and may cause accidental explosior 
at a future tune. 

Ar^ 8. N-G in wtore^l In tin cnnA or earthenware lars. If 

properly washed from acid It does not injure tin. Kor transportation, tliese cans or 
jars are packed in boxes with sawdust, or in padded boxes, and loaded in waaoru 
The R R companies do not receive it. 

Art. 9. When N-G and its compounds are completely exploded, the gaweg 
given out are not troublesome, but those resulting from incompkte exSosion 
mu ll as genemlly takes place, or from combustion, are very offensive. 

Art. 10. For convenience, we apply the name dynamite ” to any explo- 
sive whicli contains nitroglycerine mixed with a granular absorbent; “true 
dynamite” to those in which the absorbent of the N-Q is “ KieBelguhr,”t or 
some other inert powder which takes no part in the explosion; and ^^falfte 
dynamite” to those m which the absorbent itself contuins explosive substances 
other than N-G. 

Art. 11. The alMOrhent* by its granular and rompressible condition, 
aeift as a cushion to the N-G^and piotects it from percussion, and from 
the consequent danger of accidental explosion. 

N-G undergiies no charig*' in composition by Iteiugabsoibed; and it then freezes, 
burns, explodes, &c, under the same condirxino as to pressure, 'emperatun, Ac, as 
wliec in file liquni furin. The cusliioning effect of tlie alHovlient nierelv renders it 
uioie viifficult to bring about sufficient peivusmie pip.sMiie lo cause explosion. The 
almoiptioii of the N-Q iu dyn enables tlie latter lo be used in hor holes, or in lioles 
drilled upward. 

Art. 13. N-G and dyu explode much more readllv when ricidly 
confined, as by a metallic vessel, or by the walls of a hole drilled in rock, than 
when confined by ayieWiny Milistaaco, as wood. Therefore the fact that dyn, not 
being liquid, can be iiacked in teooden boxes, renders it safer than N-0 which has to 
be kept in stone or metal vessels. 

Art. 1^ True dyiiRmites muHt contain at leant about 60 per 
cent of N-G. Otherwise the latter will be too completely cushioned by the absorbent 
and the jviwder will lie too difficult to explode. False dynamites, on the contrary, 
may contain ns Mnall a percentage of N-0 as may be desired; some containing as 
little as 16 percent, Tlie added explosive substimces in the false dynamites generally 
contain large quantities of oxygen, which are liberated upon explosion, and aid in 
effecting the complete combustion of any noxious gases arising from tlie N-G, 

Art. 14. Dynamites which contain larfge percentages of 
N>G explode (like the liquid N-G Art 6) with great suddenness, tending to shatter 
tlie rock in their vicinity into small fragments. They are most uselul in very hard 
rock. In such rock, No 1 dynamite, or that containing 76 per cent of N-G, is 
roughly estimated to have about 6 times the force of an equal wt 
of ic«in powder. 

For soft or decomposed rocks, sand, and eartti, the lower gfrades 

of dynamite, or those containing a smaller percentage of N-G, ai-e more suitable, 
They explode with less suddenness, and their tendency is rather to upheave large 
nisases of lock, Ac, than to splinter small masses of it. They thus more nearly re- 
semble gunpowder in their action. 

Judgment must be exercised as to the {i;rade and quantity of explosive 
to be used in any given case. Where it is not objectionalile to break tlie rock into 
smati pieces, or where it is desired to do so for convenience removal, the higher, 
thaltering grades are useful. Where it is desired to get the rock out iu large masses 
as m quarrying, the lower grades are prefei-able. 

For very difficult work in hard rock, and for submarine blasting, the highest 
K^es, containing 70 to 75 per cent of N-G, are used. A smaU cliarge ef these doei 
the same execution as a larger charge of lower grade, and of course does not require 

* Such sudden liberation of gas is called detonation.” 

^KleMlgtihr is an earthy, lilioioai Itoeatooe, aompoied of the foeiil remains of smsll sheila 
wh ihett aou os a minute noeptaele tor aiteo-glyoeriDe. Kieselguhr Is ftniad la Hanover, Oermaf 
*4 In Hew Jersey. 

93 
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th. drimii* of so Urgo a Halo. In .nbmarino work their riiarp axplorion !■ ul 
earllh, ift p«r readily exploded uuder 

lx? bTifr^oXe! 

iS.r[y Ifr^he out the.N^. In the lower grades it is apt to wash 

away tl»o salts used as of H-Q, the latter Is liable 

Art. 16. lu dyns oontammg a at»d then to 

to exude m luiuid form, or to , exists, e\en though the 

SKusIITn 'g““ r»“ l?tho nhrorhnu. hm but .mall .l»orb.ng pow.r, and b, 

Tr^iiLi 

by tralion, or by ordinary ”1“' mo Art? 30, 8», *r. It may, how. 

“&ro^i?^d"d b;'l 7 .»-g "•■ 

cn«r«e »'rr^,"„v.4i:Si"rs,o7,‘o‘?" » 

SsliiSHES^ 

Aitar^yn b naorni for breaking np P>««« *f i’‘„“ud 

cannon, oiradoinnlid tho^^ In Ollier lilreea 

Irrh'l7re‘ge71uy d 

3s:fefJl£sr2as 

B^Ss:^S.S5xSBs=S£i:^ 

..mall -fceMlwted In the ..mo way a. trw.; or.hoI.mjW 

hot'i^dtotho c.«r™We.V:!^^thopil.! ortho cartridge mayho nmpl, 

tied to the .id. of the pdo au^^ N-0. ««)“*« ****'? *T^{ 

mmmMmrn 

fXm Ihe’fi,^; or b> placing it in a b, 

TeflHfil containing hot water. The water should not be hotter in.m c.vu u 
roTaS miiefwTe the K.Q i. liable to -eparato 'i"™ JXntT ta 
dyn may ,‘i‘*.K ’ A^f oveJebBrge of 

which CUM the powder of couriio fa etill *“ JffeMivo gwea 

».a, or of dyn, i. llaUf to ho bnrned. •"« “7,4/ cart* 

Art. 24, Dyn l» aold in cyllndrlcaU P®P®*! ipi,„y ure fn»'* 
ridirea. from % to 2 ins in diam, an^ 6 to 8 *?"^®^J”"Jta;nlug2oIb8 or ^ 
nUhed to order of any required size, and are paclted in ^xes contami g 
Im each. The layers of cartridges are sepamted ly . - yjQ m any 

Art. 25. Borne of the R R companies decline “» pr^ 

ihape Others carry dyn under Vi^*i Si fn?m^tV tliat Wo* 

“dfcg that it must be dry (i e, that no Nf shaH be Miiding fr)m „ 

and c%rs conUlning iuhall be the boxef, un4 


_J ckn conUlning It shall be plainly marKea wiin eome — 

iloilTe,” “dangerous ” Ac; that the cartridge shall bo ■<> 

^hliiiina so l£ied in the cars, that both shall be upon their «(/M,au 
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be In no dan^r of falling to the floor ; that caps, &e, shall not be loaded in tha 
game car with dyn, &c, &c. 

Art. 26. A grreat many Tarteties ofdyn are made. They difTer 
(geiierallv butsligldly) in the coin(>OBition of the absorbent, and in the method 
01 munuiacture. Each maker usually makes a number of grades, containing 
different percentages of N-G, Ac, and gives to his powders some fanciful name. 

Art. 27. Thb following table of explOHiveia, made by the Ilepauno 
Chemical Co, Wilmington, l)el, and known as “Atlas” powders, gives tht 
percentage of N-G in each. 


Brand. 

Percentage 
of N-G., 

Brand. 

Percentage 
of N-(r. 

A 

75 

D+ 

33 

B+ 

60 



B 

50 

E+ 

27 

c+ 

c 

46 

E 

20 

40 




The absorbents contain : in “A** brand, 18 per cent wood pulp and f 
per cent carbonate of magnesia; in C" brand (the average grade), 46 per cent 
nitrate of soda (soda saltpetre), 11 per cent wood pulp, and 8 per cent carbonate 
of magnesia ; in “ E ” brand, 62 per cent nitrate of soda, 16 per cent wood pulp, 
&c, and 2 per cent carbonate of magnesia. 

Art. 28. ** Miner’s Friend ” powder oontains nitrate of soda, wood 
pulp, resin, and carbonate of magnesia. It freezes at 42°, and is then, like other 
dyn, difficult to explode. When used under water, the cartridges should not be 
broken, because the powder is injured by direct contact with water. Their 
“Hecla” powder is a lower grade. It Is in granulated form, like ordinary 
blasting jrawder, but is said to be much stronger. It is intended as a substitute 

Art. 29. “ Giant” powder is dyn proper, containing 75 per cent N-G, 
and 25 per cent Kieselguhr obtained near their works in New Jersey. The 
lowest grade, branded “M,” contains 20 jier cent N-G. The name “giant 
powder “ was originally applied to dynamite in general. 

Art. 30. Other brands are “ Hercules” powder and Jndson R R P 
powder,” a substitute for ordinary blasting powder. It is put up In water- 

E roof paper bags, of 6V, 12)^, and 25 tbs each, and these are pheked in wooden 
oxes holding 60 tbs cacti. “ J iidson F F F dynamite ” is a higher grade, 
in cartridges of the usual shape, packed in 60-H) boxes. 

Art. 31. “Rackarock” cartridges are said to contain no N-G, and to 
Ae entirely Inexpbisive until immersed, for a few seconds, in an inezpiosive 
liquid furnished by the same Co. They are then allowed to stand for 16 mins, 
after which they may be used at any time. They are fired in the same way as 
dyn, and can bo used under water. Tlie mfrs claim that they “ approximatf 
N-G in strength, and are stronger than dyn.” 

Art. 32. Tbe followiiijir exploHivcs are made and ntied in 
Europe, but have not yet been regularly imported into the U. S. 

Foiiiprefifietl g’un-cotton, is cotion dipped in a mixture of nitric and 
sulpliiirfc acids, then reduced to a fine pulp, and made into discs 1 to 2 ins thick, 
Hiul % to 2 ins diam, or larger. It is generally used wet Jor the sake of greater 
safety. It then requires extra strong caps or primers. Rouglily speaking, it is 
about as strong as dyn No 1, but is less ahatlerivg In Its effect. Being lighter 
than dyn, it requires larger holes; and, owing to its rigidity, is less easily in« 
serted, and does not fit the hole so completely. When dry, it is very Inflam* 
mable, hut, if not confined, it burns harmlessly. It contains no liquid, to freeze 
or to exude; and is safe to handle. . 

Art. 33. Tonite consists of finely divided gun-cotton m xed witli nltnite 
of baryta. It is oorapres.sed into candle-shaped cartridges having, at one en^ a 
recess for the receiition of an exploder containing fulminate of tnercury. The 
cartridges weigh about the same as dyn. They are generally made waterpioot 
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Art. 84. Fordte, LlthoDractenr, and Bnalin are foreign makes of 
l)itro>glyceriiie explosives. In Dualin the absorbent is sawdust It has greate* 
bulk than dy i> for a given wt, and requires larger holes. 

Art. 35. ExplosiTe gelatine is a transparent, pale yellow, elastic 
substance, and is composed of 90 per cent N-G and 10 per cent gun-cotton. It is 


water. Its specific gravity is 1.6. It burns in the open air. For complete 
detonatiou a special primer is required. The addition of a small proportion ol 
camphor renders it still less sensitive, and increases its explosive force. Tht 
eamphor evsoorates to some extent 

In some experiments on the power of different explosives to increase the contents 
of a small cavity in a leaden lilock, explosive gelatine caused an increase 60 per cent 
greater than that caused by dyn No 1. In liurd rock the d*ff woulil piobably have 
iieen greater The increase was 10 per cent less tliiui tiiat caused liy N-U. 

Art. 86. The cap or exploder, used with ordinary safety fuse for ex 
ploding N-Q and dyn, is a hollow copper cylinder, about inch diam. and an inch 
or two in length. It contains from 16 to 20 per cent, or more, of fulminate of iner 
cury, mixed with other ingredients into a cement, which fills the closed end of the 
cap. The cap Is called ** single-force,*’ ** triple-force,” &c, according to the quantity 
of explosive it contains. 

The end of the fuse, cut off square, Is Inserted Into the open end of this cap, hu 
saoogh to touch the fulminating mixture in it. In doing this, care must be taken 
■ot to roughly scratch the latter. The neck of the cap is then pinched, near its 

r end, BO as to bold the fuse seonrely. The cap, with the fiue thus attached, is 
inserted into the charge of N'd or dyn, care being taken not to let the fuse 
come into contact with the explosive, which wonid then be burned and wasted. If 
a dyn cartridge is used, the fuse, wita cap, is first inse rted into it. The neck of the 
cartridge is then tied around the fuse with a string, and the cartridge is then ready 
to be placed in the hole and fired. 

Art. 37. The Nlemena magrneto-eleetric blaatinfg appn* 
rataa, now in general use, consists of a wooden box about us large as a traIl8i^ 
box. Outside it has two metallic binding-posts with screws, for attaching the two 
wires leading to the exploder. From the top of the box proiert s a ham' at tus 
end of a vert bar This bar, whicli is about as long as the box is bigh, ft mwle so 
as to slide up and down in it, end is toothed, and gears with a small pinion inside 
the box. When a blast is to be fired, the l*ar Is di-awn up, by means of the handle, 
as far as it will come. It is then pressed qiuckly down to the bottom of the box. 
In Its descent it puU into operation, by means of the pinion, a mapeto-electric 
^mnMna ths box. Thls generates a current of electricity, which increa^ in 
fbraa with the downward motion of the bar, but which Is confined to a short circuit 
of win withik the bo*, until the foot of the b« strikes a spring near tb® of 


two longer “leading wires,** which lead It from the two binding-posts on the outside 
if the box to the cap or exploder placed In the charge. ^ ^ j ..u f 

Art. 88. The cap used with tliis machine is similar to that used with safety 
fuse f Art 36>. except that its mouth is closed with a cork of snlphiii cement, througn 
which pass the two wires lewiing from the electric machine. Tlie ends of these 
wires project into the fulminating mixture in tlio cap. They me ^ inch apart, but 
ire connected by a platinum wire, which is so fine m to be he»ted to 

lU beat ignites the ruminate a^t^expl^^^^ 

86 Where IS imniher of holes are to he nreh siniOH 

goneoaMlV (thns increasing their effect), each hole has a platinum 

into ito-chai^e, and one of the shoit wires at^bed to ewh cap ih 

those of the next cap, so that at each end of the series of caps there is one free end 

of a short wire Each of tliese two ends is fastened to the ond of one of the 1®®^* 

wires” placing the whole series “ in one circuit.” Where the holes aw too far aimrt 

for the to be thus Joined by the short wires attached to them, toe ends of tW 

latter are wnneoted by cotton-covered “counectlniy wires.** 
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Airt* 40. The magneto-electrical machine weii^hsi about 16 lbs. It ca> 
fire about 12 caps at once. 

Caps for ordinary fuse and for electrical firing, flises, wires, electrical macbiueSi 
Ac, are sold by most of the makers of, and dealers in, explosives, rock-drilling 
machines, Ac. 

Art. 41. Simultaneous bring of a number of boles can bo conveniently 
acconiplislied oirfy by electricity. Electric blasting apparatus is specially useful 
for blast ing under water, where ordinary fuses are apt, especially at great depths, 
to liccoiue saturated and useless. 

If an elect lical machine fails to fire a charge, it is known that the charge 
cannot explode until the attempt is repeated. Therefore no time need be lost, 
and no risks run, on account of “ hanging fire.” 

GFNPOWDF.R. 

The explosive force of powder is about 40000 lbs, or 18 tons, per square 
inch. Its weigrlit averages about the same as that of water, or fi2^ lbs per 
cubic foot ; lienee, 1 lb = about 28 cubic inches. In ordinary quari ying, a cubic 
yard of solid rock in place, for about 1.9 cubic yards piled up after being quar- 
ried,) requires from *4 to ^ ft. In very refractory rock, lying b.adly for quarry- 
ing, a solid yard may require from 1 to 2 fts. In some of the most successfal 
rieat blasts for stone for the Holyhead Breakwater, Wales (where several 
i'oousaTuts of fts of powder were usuallv exploded by electricity at a single 
'(last,) from 2 to 4 cubic yards solid were hmvned per ft ; but in many instance? 
lint more than 1 to VA yards. Tunnels and sliafts require 2 to 6 fts per solid 
jard; usually 3 to fi fts. Soft, partially decomposed rock Irequcntly require? 
inore than harder ones. Usually sold in kegs of 2.) fts. 


Weifrlit of powder In one foot depth of hole. 


Diameter of hole j 

1 in 

IK ins 1 

IK ins 1 

2 ins 1 

2Kin8 

3 ins 

Weight of powder j 
avolrdupuls 1 

Oft 5oz 

! oft 8oz ! 

0ft lloz 1 

1ft 4oz * 

21b 

i 

' 2ft ISoz 

Diameter of hole 

8J4in 

4 ins 

4K ins 

5 ms 

fiK ins 1 

6 ins 

Weight of Powder 
avoirdupois 

3ft 14oz 

5ft Ooz 

Ooz 

7ftl4oz 

9Ib 8oz 

llftSoi 
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PRICE LIST 


tor a work of this kind, any attempt to present a list of 
exact even of closely approximate prices would be use- 
less. We aim merely to give indications of the average 
costs or 01 tue ranges of cost. On account of the extreme 
reluctance or refusal of many dealers and manufacturers to 
submit figures, it has been impossible to give any figures at 
all for many items that the engineer may need. In general, 
the figures given represent normal prices prevailing during 
1925 and 1926. Caution: — Prices in Gulf or Southern cities 
are often or usually quite considerably higher than those 
given. 

Abbreviated Outline of Classlflcatlon. 

(See also in Index of this book.) 

For principle of classification, see Bibliography, p. 1420. 

1.0 Mateiials and Elementary Shapes. 

1.1 Chemicals, etc. I.IH, Preservativs, Paints, Impreg- 

nating. 1.14, Explosivs 
F2 Wood, Lumber, Timber, Piles. 

l.l! Stone, Earth, Concrete, Asphalt. 1.21, Road Mate- 

rials. 1.22, Stone. 132, Asphalt. 1,24, Cement. 
Lime, Piaster. 1.35, Brick, Tile, Glass. 

1 4 Iron and Steel. 1.45, Nails, Rivets, Screws, Bolts, etc. 

1.47, Wire, Wire Rope, Fencing. 

1.5 Other Metals and Alloys. 

1.6 Paper. 1.7, Ropes, 1.8, Packing, Gaskets, Belting. 

1 9, Other Materials. 

2.0 Constructions. 

2.1 Earthwork, Dredging, Foundations. 

2.2 Masonry. 2.21, Brick — . 2.22, Stone — . 2,23, Concrete 

and Cement — . 2.24, Plastering, etc. 

2 3 Metal Structures. 2.33, Tanks, Stacks. 2.34, Boilers. 

2 35, Fireproofing, Concrete-Metal Construction. 

; 4 Paving. 2.5, Sewers. 2.7, Roofing. 

3.0 Machinery. 

3.2 Tools, Macliine Tools. 

2.3 Engines. 

2.4 Blowing and Pumping Machinery. 

2.5 Hoisting and Conveying Machinery. 

2.6 General Construction Machinery, Excavators. 3.68 

Road Making Machinery. 

4 0 Engineering, Surveying and Scientific Instruments and 
Supplies. 

t 2 Surveying Instruments, 

i 2 Computing Instruments. 

1 4 Drawing Instruments and Materials. 4.5, Heliography. 

1.9 Miscellaneus. 

9 (1 Miscellaneus Supplies. 

9.1 Itailroad Supplies. 

9 2 Hydraulic Supplies. 9.24, Meters 9.25, Pipe. 9.26, 

Valves. 

9 9 Labor. 

PRICK LIST. 

(•0 Mntcrlals uiid Elementary Shapes. 

FI Chemicals, etc. 

i^ulfate of aluminum, $1.45 per 100 lbs.* 

Sulfate of copper, $4.45 per 100 lbs. 

^oda ash, 58%, $1.25 per 100 lbs. 

Hypochloralc of lime, $2.00 per 100 lbs. 

Chlorin e, liquid — , $4,50 per 100 lbs. 

*Engineering News-Record, 1925. 

49 
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1.13 Preservative. 

1.131 Paints. 

O.f) cts per sq ft per coat of paint, 
l^aints, in oil, $2.50 per g-allon. 

In cents per pound: 

Lead: white foreign, 18; American (white), 14 to 15; 

red foreign, 20; red American, 14. 

Zinc oxide, American, 18; Pans, 20 to 25; Antwerp, 16 
to 20. 

Note; foreign material subject to duty 
T.ampblaek, 25 to 40 cts per lb. 

Colois cts per lb. 

Blue Chinese, 100. Prussian, 60. llltrardannc, 40. 

Brown Vandyke, 25 to :{0. Greene Chrome, 2.0 Lo 25. 
Sienna, Burnt — , 20 to 25 Umber burnt raw, 20 to 25. 

Metal coatings, $2.00 to $5.00 per gal. 

Fillers, Oils, etc., $0.60 to $1.00 per gal up to $2.00 
Linseed oil, $1.00 to $1.20 per gal.* 

Turpentine, $0.90 to $1.20 per gal. 

Plain varnish, $2.00 to $2.50 per gal. 

Linseed varnishes, $2 per gal. 

Shellac, $2 per gal 

Graphite pipe joint compound, 24 eta per lb. 

‘.131! CreoNoting, Impregnating, etc. 

(ilreo-resinate and creosote process, 15 lo 25 cts per cu ft. 
Creosoting vanes from 25 to 40 cts per cu ft of material 
for various degree.s of saturation. Subject to market 
price fluctuations 

1.14 KxploNlvea. 

Gunpowder, 20 cts per lb. Smokeless powder, 60 eta per lb. 
Dynamite, 15 to 25 cts per lb for grades varying between 
20 and 75% nitroglycerin.* 

Blasting caps, $7 00 per lOOO. 

1.3 Wood, Lumber, Timber. 

Lumber in dollars per 1000 ft B.M. (Board Meaaiiie) 

Black walnut, 250. 

Douglas fir, :i0 to 50 and 75, varying with location. 
Hemlock, 23 to 75. 

Long leaf yellow pine, 3" x 4 " to 12"xl2", 48 to 56. 

12"xl2" to 16"xl6", 56 to 71. 
Southern pine, 57. Spruce, 35 to 88. 

White ash, 130. White oak, 180. 

Yellow pine, 25 to 60, average, 35 to 40, 

Yellow poplar, 85 to 130. 

Shingles, Cypress — , 5 to 10 cents per sq ft. 

Red cedar — , 6 to 7 cents per sq ft. 

Asbestds and composition — , see 1.9. 

Clearing and grubbing, see 2.11. 

Piles, see 1.23. Ties, see 9.14. 

1 . 2:1 PllCM. 

Piles, 50 to 70 cts per lineal foot. 

Piling, round or sheet — , 70 to 125 cents per lineal foot 

1.3 Stone, Concrete, Asphalt. 

Earthwork, Dredging, Foundations, see 2.1. 

1.31 Road Materials.* 

Cents per gallon, carload lots, 

Binder, 7, Flux, 7, Liquid Asphalt, 7. See also I-*”*'- 
Granite Blocks (28 to 30 per sq yd) $132 to $14 2 per lOOO 
Flagging, 4" to 5" wide, 25 cts per s(i ft. 

Curbing, $1 per lineal foot. 

Wood block, $2 00 to $2.85 per sq yd. 

See also 1.33, Asphalt. 


*Engiiieering Nt>ws-Record, 1925. 
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stone. 

Sand, $1.00 tu $1.60, southern cities, $2.00 per cu yd.* 
Giavel, $1.50 to $2.25 per cu yd, southern cities, $2.50 or 
more. 

Bj'vken stone, $1.10 to $2.50 per cu yd.* 

Ti.ip rook^ $2.00 per ton at quarrv 

Oidinary building stone, $2 to $lu per eu yd 

CJranite, $25 to $75 per cu yd. 

fioofliiK slate, No. 1 ribbon, ll*/-; cts per stj It. 

Slfifi' luofinp, $1..50 to $2.50 per ton In carload lots 
Sla^, cru.sht — , carload lots, $1.30 per cu yd * 

l.u;i AMilialt. 

5 to 7 cts per ^?allon.* 

Mexican--, bulk, $18 to $23 per ton, in packages, $23 
to $27 * 

Ttxas , bulk, $21 to $25 per ton: m packages, $27. 

I'aving, see 2.4. 

1.34 C'eiiient, Lime, PlaMtcr, etc. 

Sand, sec 1.32 

Vatin al cement, $1.35 to $2.80 pet bbi, for 500 bbls oi over, 
oxclusiv of bags.* 

i’uitland (aititicial) eements, $2 15 to $2.60 per bbl in car- 
load lots, exclusiv of bags.* 

Bags, 10 cts each, 40 cts per bbl.* 

Lime, lump — , $1.50 to $3 50 per bbl. 

Hydrated lime, $15 to $25 per ton.* 

J’laster, $2.25 to $3.50 per bbl. 

Clypsurn plastei, neat, $20 per ton. 

Plaster boaid, see 1.0. 

Conerete construction, see 2.36. 

1.35 Brick, Tile, Gla«M. 

Sewer pipe, see 9 255. 

1.351 Brick. 

Paving, see 2.4 
Building brick per 1000. 

Common — , $12 to $20.* 

Salmon — , $18 to $22. Hard — , $22 to $25. Dressed — , 
$30 to $55 Colored — , $35 to $60. Iron spots — , $60. 
Fire buck, $40 to $55. 

Vitrified paving brick, $25 to $45, 

l.fttJfi Tiling. 

Hollow tile, 8" x 12" x 12", tarloads, 11 to 20 cts per block;* 
smaller lots, 15 to 30 cts 
Hoofing tile, $15 to $50 per lOO sq ft. 

1.4 Iron and Steel. 

(I’relght rates, cts per 100 lbs, from New York City, in 
larloads of 36,000 Bxs; to Baltimore, Md., 31 Birming- 
ham, Ala., 58, Boston, 37; Buffalo, 27. Chicago, 34, Cin- 
cinnati, 29; Detioit, 29; Kansas City 74; New Orleans, 
67; Norfolk, 34; St. Louis. 43, St. Paul, 60.) 

i‘4] ( aat Iron and Steel. 

Cast iron pipe, see 9.251. 

Pig iron per ton of 2240 lbs at foundry, $40. Bessemer — , 
$40 to $50 Gray Forge — , $40, Lake Superior Char- 
coal — , $45 to $55. 


^Engineering News-Kecord, 1926. 
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1.43 Rolled and Structural Iron and Steel. 

Iron and Steel; — Refined iron bars and steel bars, angles, 
ordinary sizes, T-shapes, beams and channels, structural 
shapes, tank plates, structural plates, bessemer ma- 
chinery steel, 3 to 4% cts per lb.* 

Reinforcing bars, dollars per 100 lbs, warehouse,* 

Size y*" 

From 3.00 3.20 4.00 

To 3.50 3.50 4.25 

Expanded metal 

Pounds per sq ft, 0.25 0.50 1.02 2.04 

Cents per sq ft, 11 8 1 7 

Metal lath, 4 cts per sq ft. 

Steel rails, see 9.11. 

1.431 Sheet and Plate Iron and Steel. 

Gage, 14 to 16 22 25 28 29 30 

Cts per lb, 30 to 33 35 40 42 47 52 

Discount, 50%. 

Blue anneald — , to 4 cts per lb. 

Black iron, 4 to 4% cts per lb. 

Galvanized iron sheets, 4 to 4ti <‘ts per lb. 

1.43 Fastenings. 

1.451 Nalls and Spikes. 

Nails, $3.50 to $4,50 per keg. 

Spikes, railway — , 4 cts per lb. 

1.452 Rivets. 

%" and /ff", 7 cts per lb, 

and larger, 6 cts per lb, to as low as 2.6 cts per lb In 
carload lots. 

1.454 Bolts and Nuts. 

Bolts and nuts (machine) per 100, square or button heads, 
length under head, 2". Discount, 50%. 

Diam in inches, % 3 

Dollars per 100, 2 40 7.80 17.00 35.00 

Extra per inch 

over 2", 0 80 0.60 5,00 12.00 

1.455 Turnbuckles. 

Discount, 60%. 

Size Take-up in inches Price 
12 S2.00 

%" 24 $5.30 

7/8" 12 $3.40 

%" 24 $6.40 

1" to 2" 48 $42.00 

1" to 2" 72 $52.60 

•Engineering News-Record, 1925. 



PRICE LIST. 


1405-1407 


1.4^7 Chains. 

American coil chain, 

Inches, A ^ % 

Cts per lb, 20 15 10 9 8 

1.4tt Tubes. 

See 9.25, &c. 

1.47 Wire, Wire Rope, Fencine. 

Hoisting and conveying machinery, see 3.5. 

1.471 Wire. 

Hoisting Rope, extra .strong cast steel, 5 Vi cts per ft 
lemgth per ton of working load, for diams 1 " to 2 %". 
6 V 2 et.s per ft length per ton of \\orking load for diams 
as small as 

Extra pliable, 6 Vi ti^ 8 Vi ets per ft per ton of working 
load, fur diams 2 %" to 1 ". 

1 . 47 a Wire Fencing. 75 cts to $2.00 per 16 Vi ft 

length. 

I.47.T Wire Rope. 

(iO ct.s per sq inch of cro.ss section per ft of length 

See also 1.171. 

1.5 Other MetalN and Alloys. 

Sheet brass, 30 to 60 ct.s per lb, depending upon width. 
Soft copper, 60 cts per* lb. 

Pig lead, 9 cts per lb. Galvanizing, 2 cts per lb. 
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1.6 Paper. 

Tar — , $2.00 to $2.25 per roll of 108 sq ft. 
Tard felt, $2.50 to $2.25 per roll. 

See also 1.9, Other Materials. 


1.7 KopcH. 

Wire rope.s, see 1.471-3. 

Manila, plain or laid. 25 cts per lb. Sisal, 20 cts 
Twine, 15 cts per lb. Oakum. 12 to 15 cts per lb 
1.H Packliig, Gaskrts, BeltlnK. 

Rubber belting, ets per ft one inch wide. 

2-ply, 6; 3 -ply, 8; 4 -ply, 9. 

Leather belting, » 

Width, ins, 1 6 12 21 

$ per ft, 0.09 0.82 2.00 5 00 

Pipe jointing supplies, see 3.263. 


per lb. 


1.9 Other Materials. „ 

Gypsum plaster board, -Ik", $45 to $50 per 1000 sq ft 
Tar felt, 14 lbs per 100 sq ft, $S4 per ton. 

Tar pitch, $1.85 per bbl. Asphalt roofing, $38 per ton. 
Asbestos shingles, 15 to 29 cts per sq ft. 

Composition shingle, crusht slate surfaced, 6 to 7 cts per 
sq ft. 


2.0 ConKtructlona. 

Waterworks supplies, see 9 2. 

Railroad Supplies, see 9.1. 

2.1 Earthwork, Dredging, FoandatlonR. 

E.\cavatlon and Embankment. 

See also page 1024, etc. 

Clearing and grubbing, $50 to $250 per acre. 

Earth excavation, $0.50 to $2.50 per cu yd. In trenches, 
$2.00 up, according to depth. 

Rock excavation in large masses, $1.25 to $4. do per cu yd 
In small or difficult places up to $8 per cu yd. 
Embankment, $1 to $3 per cu yd 
Rock filling, $3 to $8 per cu yd. 

Sodding, $0.60 to $1.00 per sq yd. 

3.12 Dredging. 

10 cts to $2.00 per cu yd, according to material, haul, etc. 
See also p. 581w, 

2*13 Foundations. 

Piles, see 1.23. 

2.2 Masonry. 

2.21 Brick Masonry. 

$10 to $15 per 1000 plus cost of bricks. 

Brick chimneys, dollars equal 8.3 x height x diam (m 
feet) for abt 50' ht, to 5.2 x height x diam (in feet) for 
abt 200' ht. 

Bricks, see 1.351. 


2.22 Stone Masonry. 

Rubble, dry, $4 to $15 or more per cu yd. 

m cement, $7 to $20 per cu yd. 

Granite cuping, $50 to $70 per cu yd 
Plain collar masonry, $8, 

Stone, see 1.32. 


2.23 Concrete and Cement Masonry. 

In place, dollars per cu yd, — 

Class A, 18 to 30; Class B, 14 to 20; Class C, 11 to 18: 
Class D, 8 to 10. 

Walls and chambers, $12 to S15 per cu yd. 

Floors and Sidewalks, $9 to $11 per cu yd. 

Cement, see 1.34. 

Concrete Mixers, see 3.64. 
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Planterlng. 

Three-coal work, to $1.75 per sq yd. 

Lathing, 25 to 35 cts per sq yd. 

Wall board, 4 cts per sq ft, plus labor. 

Sheet plaster, 6 to 8 cts per sq ft. 

Wire lath- and plaster partition wall, $4 per sq yd. 

2.U Metal SlructuroH. 

3V2 to 4V2 cts per lb. 

Tanks, Staeka, etc. 

Pipes, see 9.25. 

Standpipes, 22 x 60 ft, including foundations, $12,000. 

2.'A4 Ituiler.s. 

Upright lubului boilers with base and fixtures. 

]HP 4 12 30 50 200 

$ 300 450 700 900 3000 

2,35 Fireproofing, Concrete-Metal Construction. 

Covering coluins and girders, 50 cts per sq ft. 

Walks, $1 40 to $3 00 per sq yd. 

Wall fulling, 80 els to $1 25 per sq yd 
Metal lath, etc., see 1.43. 

2.4 l*n\ lug. 

Dollars per sq yd. 

Asphalt, 3 to 4.50. Belgian Block, 3.50 to 5.00. 

Brick, 2 to 2 75 Macadam, 1.25 to 2.00. 

Cellar Hours, 2 25 to 3.75. Sidewalks, 2.00 to 5.50. 

2.fi SewcrN. 

From 6" to IS" diam, dollars per ft run. 

Depth below surface 5 ft ^ 10 ft. 

Fxcavating only $0.60 to $2,00 $1 to $3. 

Laving pipe, ex< lusive of excavating, per ft. 

15 inch, $0.50 to $1 00. 4 inch, $0 40 to $0.80. 

Ilrickwoik in sewers, $25 per cu yd. 

Excavating, using large excavator, 7 ft deep, 20 wide, 
60 cts per ft of length, or 5 cts per cu ft. 
li.T Hoofing. 

Asbe.slos, 40 cts per sq ft 
Shingle, 25 cts per sq It 
Slag, 10 f'ts per sii ft and up. 

Slate, 20 cts ])er sq ft and up. 

Skylights, $1.10 per sq ft and up. 

3,0 Machinery. 

3.3 Tools, Machine Tools. 

3.31 Hammers. , , . ^ , 

Riveting, $65; chipping, $50. Concrete breaking tool, 

$165. 

3.33 Drills. , ^ ^ i 

Portable electric diill.s, for metal, from $2,» for ft bole to 
$200 for 1 Mi" to 2" hole. 

Pneumatic .‘'tone drills, $12 to $17. 

Air drills, $S0 to $200. according to capacity. 

Rock dulls. ir 

Dc]>th ot bole, ft. I 
Price $300 $300 

Electric harnmei drills, for holes in stone, 
from $150 to $225 tor 2" holes. 

4000 L.O0 

Price*^ .’ . . . $8000 $!^'000 

Topping and Jointing Machinery. 

^’^ry pipe, $30 ToTs'o **cach. Under pressure, $125 and up, 
3.3«3 ’ Jointers. 

Diam, ins - 

Price, each 


25 to 35 
$400 


1000 

12 

$3500 


800 

It) 

$300(1 


36 

$25 


72 

$50 
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0.3 EiiKineR. 

Pumps, see [{.4. Boilers, see 2.34. 

Portable engines, 10 IIP, $600 and up, 25 HP, $860 and up. 
50 HI’, $1300 and up. 

3.31 Stationary and Holatlns FlngincM. 

Air Hoists, geared, from $200 for 1-ton cap,, to $800 for 

10-ton. 

P’rom $25 to $35 per IHP for mochurn .sizes, 

Single cylinder stationary engines, 

HP 12 30 50 100 200 300 

I’ricc, $840 $1500 $1700 $2400 $4000 $6000 

3.4 Blowing and Pumping Mnehincr}. * 

3.41 t^onipressorN. 

Portable gasoline-dnven conipies.sor.s, from $1200 to $1400 

for lOCWeu ft of free air per mm, to $3500 for 300 cu It 

3.43 llydraiilie Bams. 

$3 to $5 times square of diam of drive pipe m inches. 

3.44t l*umpK. 

$25 to $50 per IIP. 

For unwatering excavations, $100 to $135 pei HP 
Pulsomcters, $25 to $45 per HP 

Artesian well cylinders (not including the inunp at the 
.‘surface), 

Cap, mals per 

stroke, U V 2 1 2 t 7 10 

Price $20 $35 $75 $140 $250 $400 $1200 

Centrifugal, $20 la $30 per HP 

3.5 Iloisting and t’on^e^ing Baehinery. 

Belt convevuis, poi table, $5oo to $1800. 

Bucket loaders, about $4000. 

Klectrical — , see 3 1. 

Excavating rnachineiy, see 3.6. 

Hoisting engines, see 3.31 

Wire rope, see 1.473. 

3.r»4 Elevators, lloist.s. Derricks. 

Hoisting eiabs, on winche.s, F 2 to 2 Mi tons cap, $70 to $150. 

Differential hoists, L to 3 tons, $35 to $90. 

Derrick, guy — , 

lO-ton capacity, $400 to $800. 

20-ton capacity, $800 to $1700. 

Derrick, stiff-leg, hand-power, 1-ton, $200 

Den ick, stiff-leg, without hoisting 01 powci devices, 
lO-ton, $750: 20-ton, $140U 

Derrick, stiff-leg with bull-wheel, lO-ton, $1200, 20-ton, 
$2300. 

Hand winches, pull of 2 men on singh' line, '.too lbs. $60, 
3000 Ib.s, $80 to $150. 

Electric hoist, without motor, double friction drum. 

Pull on line, 3000 lbs, $1400 to $2500, 12,000, $9,000 

Steam hoisting engine, drum — , without boiler, 

HP, 8 20 45 

$1000 $1500 $2400 

3.6 General Consfruetlon Maeliinery, Excavators, etc. 

Hoisting and conveying, sec 3.5. Rousting engines, see 3.31 
Drills, see 3.23. Explosives, see 1.14. Excavation and 
Embankment, see 2.11. 

Trucks or trailers average $250 each. 

3.61 Trench excavators. 

Trench Excavators, $5500 to $12,000. 

3.63 Pile Drivers. 

Pile Drivers, $500 to $2500. 

3.63 Shovels, Scrapers, I*Ioivh, etc. 

Steam shovels, about $10,000 each. 

Wheeled Scrapers, $40 to $60 each. 

Drag scrapers, $10 to $15. 

Plows iin to $55 each. Hardnan dIow. $70. 
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3.04 Concrete Mixertt. 

Concrete mixers, $:^00 to $1500. 

3.0«'> Diving and Diving Apparatui*. 

Complete outfit. For shallow water, $300; for moderate 
depths, $600; for deep sea, $1000. 

3.«« .Cenivcnt Guns. 

Cement gun only, $7 to $14 per cu ft of free air per min. 
Compressors, see 3.41. 

3.07 Wells and Well Driving Machinery. 

Well strainers, $2 to $4 per lin ft per inch diam of pipe 
up to 10" diam. 

I'odt valves, $2 to $10 per inch diam inside of well casing, 
2" to 10". 

Drilhs, see 3.23. 

3.68 Road Making Machinery. 

3.6S1 Rollers. 

Tandem, $2500 to $4500. Three-wheel, $2500 to $7500. 
3.683 . Rock and Ore CmaberM. 

Receiving Capacity HR Cost, 

Cap, ins tons per hr required dollars 

8x14 10 to 15 10 to 12 1000 

10x18 16 to 24 15 to 20 1500 

14 x 36 45 to 60 60 to 75 5500 

Concrete mixers, see 3 64. 


4.0 l^lnglnecrliig, Surveying and Scientific Instrument* and 
Nuppiles. 

Aneroid baromcteis, $36. 

Current nuders, $65 to $300. 

Direction meters, $200 to $250. 

Velocity register and tinie-piccc, $15 to $60. 

Hook gages, $15. 

Tiiormometers for asphalt and sand, $3 to $5.25. 

Maximum — , $4 

4.2 Surveying liiKtrumentM. 

4.21 Tran Kits, Plane Tables, Compasses, etc. 

Transits, plain, $250 to $300, 

Engineers’ complete transits, $300 to $500. 

Mining tiansits, $300 to $400 and U)) to $750. 

Mountain transits, $150 and up to $400. 

Theodolites and poi table alt-azimuth astronomical instru- 
ments, $600 to $1200. 

Solar attacliments, $60 to $80. 

Sextants, $70 tu $150. Rocket sextants, $60 
Rlane tables, complete, $100 to $450. 

Compass, pocket — , $15 to $30 


4.23 


H 


Levels. 


nginerrs’ 
and level 


levels, $125 to $225. 
s. $6 to $20, usually about $10. 


4.23 Rods, Tapes, etc. 

Leveling rods, $15 to $20 each. 


Range poles, $3 to $6. 
Tapes fi-om 6 to 30 ets per 


ft, depending upon graduations 


and length. 

Chains, 8 to 12 ets per ft. 


4«3 Computing Instruments. 

Planimcters, $15 to $375, average, $40. 


Pianimeters, $ii> to avuru-K*;. ^ 

Slide rulvs, Mannheim, $5. Other forms, $« to $12 and 


Computing machines, .'^’’00 to $300, and special electric 
drive up to $700. 
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4«4 Drawing Instruments and Materials* 

Drawing- paper, “detail," 15 cts to 20 cts per sq inch of 
sheet per ream. 

Tracing paper. 42" wide, 4 cts to 12 cts per yd. 
Cross-section paper, 8’/2 x 11, $1.35 per 100 sheets. 

Drawing instruments, $10 to $30 per set — very elaborate 
sets up to $100. 

Drawing pens, $1 to $3 each. 

Compass, $3 to $9. Dividers, $1.50 to $4 50. 

Triangular boxwood scales, 12", $1 to $3 
Metal straight edges, 36 inciios long,*$:{ to $5 
T-Squares, 36" with celluloid edges, about $2.25. wood, $1 
to $2.40; steel, $7 to $lo, usually with ^^djusta^)le angle. 
Triangles, celluloid. 6", 40 to 65 cts, 12". $1 to $1 .50 
French curves, celluloid. $0 50 to $1 50 

Protractors, German silver, 4", $0.50 to $2.00; 6", $1.50 to 
$5, with arms 6", $9; 8", $12. 

Drafting machine.s, $60 to $125. 

Drawing inks, 25 cts per bottle. 

4.5 Hellogriiivliy. 

Blue prints, 2 to 3 cts per sq ft. 

Blue print paper. It, 4 to 2 cts per sq ft. 

9.0 Mlscellnncoufl Supplies. 

0.1 Railroad Supplies. 


8.11 RallN. 

Steel rails, standard, $43 per ton; Light (8 to 45 lbs), $30 
to $36. Kerolled, $28.* Old, $25 per ton. 

0.12 JolntM. 

3 to 5 cts per lb. 

9.14 Ties. 

Chestnut, $3 each, White Oak, $1 to $2 each; Yellow Pine, 
$1.50 to $2 (>0 each; Douglas fir, $1. 

Miscellaneous treated ties, about $1 50 to $2 each. 

Tie plates, 10 to 30 cts each. 

8.15 Spikes. 

Spikes, 2t/4 to 4 cts per lb.* 

9.10 RoltN. 

Bolts, 3% to 6 cts per lb. 

0.17 Angle Bars. 

Standard section angle bars, 2% to 4 cts per lb.* 

9.2 Hydraulic SuppiicN. 

Gaskets, see 1.8. 

Stand Pipes, Tanks, see 2.33. 

Pipe Cutting and Tapping Machines, see 3 26. 

9.23 Chlorinating Apparataa. 

Chlorinator, $400 to $800. 

9.24 Water Meters. 

SO cts to $1.20 per gal per min. 

From %" to 1", $12 to $27; 2", $61 to $72; 4". $205 to $240; 
6", $360 to $407; 10", $825, 16", over $2000. 

9.25 Pipe. 

Pipe Cutting Machinery, etc., see 3.26. 

Pipe laying, see 3.6. 

9.2.51 Cast Iron Pipe. 

$40 to $60 per ton. 

9.2r»2 Steel Pipe. 

Steel Pipe at works, 5 Ms cts per lb. 

Spiral rivetted- 
Diameter 

From 

To .. 

depending upon thickness or strength. 

Asphalted, 10% more for large .sizes, 25% more for small. 
Galvanized, 35% more for large sizes, 55% more for 

small sizes. 


, plain”end, 
3" 6" 

dollars 

per foot. 
18" 

24" 

30" 

■0.24 

0.57 

1 45 

2.75 

3.70 

5.90 

0.34 

1.10 

2.82 

4.30 

5.70 

7.10 


•Engineering News-Record, 1925. 
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Wrought- Iron Pipe. 

Wi'oupht lion J’lpe, 15 cts per lb. 

Injarot Iron Culverts, dollars per foot, 
Diam, 8" 15" 20" 24" 26" 42" 48" 

Krorn 1 1% 2 3 B 5% 6 

To • 6 7 81/2 


60" 72" 

10 % 12 % 
13% 15% 


84" 

18 

22 % 


Wood Pipe. 

Machine Banded 50 it head, 10 cts per inch per ft diam, 
1011 ft head, 20 cts per inch per ft diain 



Sewer Pipe. 


Drain T i dollars per 

thousand lineal feet,* 


Siz(‘ 3" 

4" 

5" 6" 8" 


I'd (Jin 40 

40 

70 70 160 


T(. 50 

70 

100 i:;o 200 


Sewer Pipe, dollars per 

foot, staiulaid pipe.* 

36" 

Size 2." 

6" 

12" IS" 24" 30" 

I’d'oni 0 1 0 

0.13 

0.36 0.65 1 21 2.66 

3.95 

To 0.12 

0 21 

0.66 1.53 2.16 3.75 

5.42 

9.2r»<{ 

Water Hose, 

Hose. 

cents per 

inch of internal diam per 

ft of 

length, 

2-ply 

4-]>ly 

6- ply 



liB 40 ‘ 60 

Air, Hot Water and Steam lh».se, ct.s pei inch of internal 


diam per ft of length. 

1-plv 6-ply 8-T>ly 

75 no 140 


*r.Hmneenng News-Becoru, 1925. 



1416-1418 


’RICE LIST. 


».2<t ValvcK. 

Single or double gate valves, iron body, bronze mountings. 

Pressure, lbs per sq in. 

Tested to 200 400 600 

F''or Water 100 250 400 

For Steam 35 125 . 250 

Approximate 

Diameter prices in dollar.s. without discounts. 

2 " 6- 7 8- 15, 23 11- 27, 35 

6" 28-31 32- 50, 65 50-100,115 

12" 75-82 115-185,215 150-335,390 

Working pressure, Ih.s/sq in, 30-40, . 100-125. 

Approximate 

Diameter prices in dollars. 

18" 150 470 (double gate) 

36" 700 

Check valves, Horizontal swing. 

Working pressure, 100 Ibs/sq m for steam. 

175 Ibs/.sq in for water. 

Diameter, Vz" 1" 2" 4" 6" 12" 18" 24" 36" 

Prices each in dollars. 

Screwed ends, 1.40 2.15 8.50 20-37 31-43 97-175 230 400 1900 
Flanged end.s, 3.40 4.15 14.00 21-47 33-45 95-170 225 390 1900 
for Working pressures of 250 Ibs/sq in for steam, 

400 Ibs/sq in for water, 

increase figures above by 20% to as high as 45% for small 
sizes. 

Fire Hydrants. From $20 for 2" valv and one 2" nozzle, 
to $50 for 6" valv and three 2 %" nozzles 


9.9 Labor. 

Bricklayers.*t $1.55 per hour in a belt about 400 miles 
wide, from Springfield, 111., to New York, with nMEixima 
of $1.75 at those two cities, diminishing to $1.63 in Colo- 
rado and $1.30 on Pacific coast. Southern States and 
upper Lake region, about $1.25. 

Carpenters. *t $1.50 per hour in a belt about 200 mllc.'i 
wide from New York city to central Illinois, and about 
$1.60 in Colorado, grading off to $1.00 on the Pacifl*' 
coast, and down to $0.70 or less in the east Gulf states 
$1.00 in the Lake region. 

Structural Iron Workers,*! $1.50 per hour from Illinois 
to New York city, except Ohio about $1.35, tapering 
rapidly to $1.10 and $1.00 on the Great Lakes, and to 
$0.80 in Georgia. New Orleans is exceptional with $1.25. 
West of Mississippi R to Pacific coast, about $1.10. 

Common Labor.* $0.80 to $0 90 from Chicago to New York 
city, grading down to $0.30 in Georgia and Alabama, 
and to $0.60 on the Great Lakes. West of Mississippi R. 
$0.50 to $0.60. 

According to Bureau of Labor Statistics, on May 15, 1925, 
the following averages were in effect: — Plasterers, 
$1,485; Plasterers' laborers, $1.00, Bricklayers, $1,475- 
Stone Masons, $1,401; Slate and Tile Roofers, $1,419, Tile 
layers, $1,325; Lathers, $1,398. Plumbers, $1,281; Plumb- 
ers’ laborers, $0,954; Inside Wiremen, $1,272; Steamfit- 
ters, $1,271; Structural Iron Workers, $1,271; Hoisting 
Engineers, $1,265; Cement finishers, $1,238; Painte^ 
$1,232; Sheet Metal Workers, $1,209; Carpenters, $l.l»‘i 
Building laborers, $0,954. 


•Engineering News-Record, 1926, July 1. 
t About 5 to 10% higher in 1928. 
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o X 0. .$8.<K). Met;. 

Pnelps, E. It — TlU‘ I’riiieiplc's of I*iil»Ue Health I'niriiieeniig. 

pp 3.7 ills. (; x i). ('lotii. iirjr, m 

Thomas. Slanlo\ — . UjicterloloRy: \ T(*\t Hook on I'lindn- 
nu'iilals. L'Dl pp. Hid. 0 x U. Cloth. ,'P3.7(». MeC. 

CteO Fiig^ineeriiigr. 

Allen, C. F — Itusiin'ss T.aw for Engine('rs Part I, Elenietit'( 
of liHW for Kiirfiieers. Part II. t’oiitraet Letting, lid (d 
4ri<*i pp. Ox t). Law bnekram. .$t.<H), Meti 
.Ani(‘riean Seliool (»f Corresimndenee Stand. ird Fiie> elopedia<i> 

for IJeferenee and Iloim' Study. 7 x lo Hall' inoi-. .$.7, (at pi r 

vol. Am. School (tf Correspondence, Cbicaao, III 
Folwell, A P — Munlel|ial Engineering Practice. 431’ pp IT! 

ills. 31 tab!<>s (> X b Cloth. W. 
dillettc', H ll.'indlxx.k of ('onstriiotion Cost. 17*’.4 I'li 

llld 4E:. \ 7 Flexible !*:<*• (M). MeC 
Goldtn.an. O 1!. — . Finaneiai Engineering 3d ed, Hiuroly re- 
vised. 33.7 pp <5 X Jt .71 ills Cloth .<3 7(1 W. 

Hudson. R. (J - - and others. The Engineer'.s Manual. 31.7 j)]t 
337 ills. 7 X S Flexil.le. %'l 77. W 
Ilutte, Verein — Hes Ingenienrs Tasehenhiieh. 3 vols. 3"." I 

pp 4744 ills 4 14x7’:. (doth .'f:7.3l» ; I.eallier. .'fss -!o 
Wilhelm Ernst & Sohn, Iterlin, Hertnany. 

International d'exthook Co. International I.lhrary of Teeh- 
nologry. tt x J). mor. .$7 (itt jier vol International Text- 
book Co.. S<rant(m. F.i 

Kirby, U. S — . The Elements of Speelfieatlon Writing;. 3(1 ed. 

revised. 173 j)]! 6 x !b Clolb .«! 7(t lb3l. \V 

Mend, I). W — . Coiifraels, Speeifleatlons and Enginc'oring 
Relations. .7.3.7 pp Hid 6 x b Cbdh .$3 Oti McH 
Moleswortb. Sir (i L — . and Molesw(*rtb. II, H — . Pocket- 
nook of T’sefnl Fornmla(‘ and Memoranda for Civil, Alecbtinn a! 
and Eb'ctrical Engineers 37th ed. revised and eidarg('d btl 
pp SPO Ills HxS’ri- noth .«3(K» SC 
United States War Hept. Under IHrection of Chief of Eriglne«*r«, 
IP S. Arinv, Engineer Field Manual. Ptirts PVT 4tb ed. 
revised. 4bb pT> 230 ills 4Vixr>Vj l^eather. $1 Ob U S 
War T>ept , Washington, H. C 
Efflciency Engineering, .sc(;()30e. 

620.C Civil Engineering. 

Gillette and Dana. (Separately and jointly i Ovt'r a half do/en 
hooks on Conafmetlon t^oaf Keeping Data, etc. From 773 
to 1^.74 pp. Various sizes Hid Mostly .SO bb 
Grant, II. D — . Praetieal 4eeonnt1ng for the Contractor. 374 
T>p. 40 ff»rms. 0 x b. .tJ3. b(» McG. 

ITiitte, Ver'dri Des Enginienrs TaHcheiibneh. V(d 1H‘. 
Hiitte des Raningenlenrs 31st ed 4 '4 x7'4. Cloth. $3 0(1 
Leather, $4 bb Wilhelm Ernst & Solm, P.erlin. Germanv 
Merriman, Mansfield — . American Civil Engineer’s Handbook. 
4th ed. 107.7 pp. Hid. 4 «/, x 7. Atho-ieather, $0.bb. Real 
Leather, $7.b<h W. , 

I.ewl.s, N. P.— . The Planning of the Modern City. 2d ed 
revised. 474 pp, 0 x 0. 02 Ills and $7 full-page plates. 
Cloth. $.7.b0. W. 

McGraw-Hill Co Engineering News Rec'ord. (Weekly Perl- 
odlealt. 0 X 12. $7 bO per year. McG. 
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(?2 J .1 :i IjOoomotiveK. 

Forut'y, M. \V. — . Catechism of the Locomotive. See Fowler, 
L.- . 

Fowler, G. K — . Forney’s Cate«hiKm of the Locomotive. Hd ed, 
revised and enlarged. l*art 1. 044 pp. 470 ills. 0x9. Cloth. 
Fart 11. • 29:i pp. 199 ills. 0x9. Cloth McG 
Wri},'ht, IL V.-- and Aufjnr, It. C — . Locomotive (^yclapedln. 
HIT) p]>. ‘J.ISH ills. 9x12. Cloth, $,S.()0 L<>ather, ^10.00. 
192.1. s-i; 

llleetric Iyr)comotives, see O21.o. 

( 011.105 StMim 'rurbliicM. 

Croft, 'P- . Sle.-ini Tiiihine Priiieipleis and Practice, 347 pp. 

270 ills. .'.i/jxS. !j;3.(H). 1923. iMcC. 

Mover, .1 A — Steam Turhines. .^th ed, revised and enlarged, 
,i24 pp 0 X 9 231 ills. (‘loth. $4.99. 1924. W. 

U<te. .1. W- Steam Turbines, Theory, l)eNi>j;ii and Field 

Operation. 143 pp. 71 ills. O^/i x 9*/^, Cloth. McG. 

021. IH Steam t-lencrntion, 

Iliieon, It. S. — ami Hamor. W. V — . American Fucli^. 2 vola. 

121.7 pp 3S2 ills 0x9. $12.99. 1922. McO. 

I’.nslee, F .! — . An Introduetlon to the Study of Fuel. 291 
pp 01 ills 7 x 51 Cloth. V\. 

Imiui, .1 'P ■ . I*ulveri*ed and Colloidal Fuel. 1924. TxD'/i- 
Cloth 299 i)p .$0 99. VN 

Ken I VVm — Steum-IlolleT Economy, 2d ed. revised and 

enlarged 717 pi» 2S0 ills 0 .\ 9 Cloth. $0 99. W. 

Marks, L. S — . ami Davis. H. N - Tables and Diagrams for 
the Thermal PropertleK of Saturated and Sn])erhoated Steam, 
lot) pp. 19 ills. .$2 99 L(i 

Marsh. T A — . Combustion in the Tower Plant. 200 pp. 

7 X 7=‘'t Cloth. $2.9(K ]5>27. \ N, 

Steam Ileatlii}J(, sis* 097. 


87 


(Cil.3 Water Ensiw^s and Motor.s. 

('liureh, I. T — . Hydraulic Motors. 8vo Cloth. W. 

M.nks, C. (’— Ihdraulic Po^^cr Fugineeiing. 2d ed. 235 
ilD n-i'i X S'i $4 79. VN 

Mead D W.--. Ilydroloio': The Fundamental Ihisis of Ilydrau- 
lie Fugiimering. 047 pp 0 x 9. Cloth ^leC. 

M>.ver, A. F.— . The Elements of HydroloKy. 499 pp. 
ills. 0 X 5t. (Moth $109 IV. 

IIydromeelianie.s, 732. 

Hydro-Electric engineering, set 021 2-.. ht'low 
Piimps, S('(' 021.0. 

(t2 1.2-3 Hydro-Electric Ennineerlnp. 

Koe^ter, Frank -. Ilvdroelecli i. Doelopnients and Engineer- 
2(1 ('d. 477 pp 790 ills. 47 table 


mg. 

$7 99. VN 


■Yi X 10%. Cloth. 

39: 


M i i Ib'r. * U - H ydnxdeet rje Engineering. 431 pp 397 ill 

lalib's. $0.00 C. E. SU'chert & Co, L>1 . -nth St 


ills. 75 
New 


Vo-k. 

Mater Enjrines and Motors, (»2l.2. 

Eleetrieal En«:ineerliiff, 021.3. 

ft2l.3 Electrical Ensinccrlnjc. 

Drvsdale C V— and .lolley, A C.— Electrical MeasiirinK 

instniments. Part 1. 

merits 19*H 377 ills. 7x9%. Cloth. 440 pp. $l-..)0. \ N. 

Fowl? F F-. Standard Ilandbtmk for Elect rkal IJnRineers 
7th ed Thorolv revistd. 2139 pp. Hid. Thumb-indexed, 
4x7. Limp leatlmr. $0.00. McG. 
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Gray, Alexander — . Prlnelplew and IVaellee of Eheliiciil 
Engineering. 412 pp. 441) ills 7 x IP. ('lotli. $3.00. RU')i. 

Ilazeltiue, L. A.—. Eleetrieal Engineering. 1)23 pp. I lid. 8vo. 
IfG.oO. 1024. M. 

Karepetoff, V. — . Experimental Eleelrical Engineering. Vol I. 
3d ed, revised. 827 j)]). 301 ills. GxO'i. $(»()(). 

1022. W. Vol II. Manual for Eleelrical 'I’eKtiiig; for Engi- 
neers and Students in Engineering Laboraloiues. 2d ed, cor- 
rected. 347 pp. 200 ills. GxO’:;. Cloth W. 

Manson, A. J. — . Railroad Electrification and the Electric 
Locomotive. :{32 jip. 148 ills. G x 0. .$4 (M). 102.'). S-B. 

Mears, .1. W. — . and Neah‘, It. E. — . Electrical +lngineering Prac- 
tice. Vol. I. 4th ed. rewritten and enlarged. .303 ])i). 

oV- X 81L 02 ills. Cloth. .$G.<»0. 1021 \V. 

Pender. Harold — . editor in chief Handbook for Electrical 
Engiiu'ers. 2d ed, revised. 2270 pp. Hid. 4*4 x 7. Flexible. 
5j;G00. 1022. W. 

Pender. Harold — . PrlnelploK of Eh'clrical Engineering. Be 
vised. 43s ])]). 138 ills. G x 0'{.. Cloth McC. 

Sheldon, Samuel — , and Hausinann. E.— -. Eh'ctric Traotion and 
'I'ransmiKNion Engineeiing 2d ed, reviseil. 3o7 pj). 127 ill'' 
aV-x X Cloth. .iG.tK). VN. 

Sloane, T. O’Coner — . Standard I'lleelncal Dictionary. New 

enlarged. 700 pp. 407 ills. GOOO delinilions, .$.3.00. 1025. P*. 

Steinnietz, C I*. — . Thcsiretlcal Elements of Electrical Engi- 
neering, 4th ed. 3»S3 pp. 104 ills. tlH Cloth. .$3.00. 

•Met;. 

Tinihio, W. H. — . Indiistrinl Electrleitv 713 i)|i .“i-i x7’l' 
4G0 ills. 047 problems Cloth. 1024. $3..3U. M 

Timbie, W, H. — and Bush. Vannevar— . Principles of Electrical 
Engineering. .320 pj). .3', x 7X. 2t4 ills Clolb $4 oo 

1022. Answers to ])rol)lems, .3 x 7^\. Paia'i'. $0 2.3 W. 

Woodruff. L. F — Prineiides of Electric Power 'rransmlssloa 
and Dlstrlbntlon. 3.43 pp G x 0. llo ills. Cloth $1.0b 
1023 W. 

V.lectricily and Magnetism, .337. 


621.4 Air, Gas and Other Motors. 


Carpenter, K. C — . and Diedriehs, H. — . Internal t'oinbustion 
Engrlnes. 3’lieor.v. Const met ion and Operation. Glu i)p 3"'' 
ills. Tables, G x 0^^ Cloth. VN. 

Havey, Norman — , The tins Turbine. 2G2 pp 100 ills. G \ 
Cloth. VN. 

Daw, A. W. — , and T)aw', Z. W — Oil nnd (ins EaKine Po'\ i 
1023. 232 ills. 81 tables. 7i/. xllV,. Cloth. 4'.»1 pp $l2<id 
VN. 


I'b;: 


IHscox, 0. I) — . Compressed Air. 3tb (‘d, ri'visi'd. GG3 po 
,300 ills. Cloth, $3.00. Half mor , $G .30. Met; 

Marks, L. S.—, and McPewadl, H. S— (ias nnd Oil EngPies 
and Has Producens. 3<)0 pj) 218 ills. 4^'i x 7’j. Le.iih'‘i 
$2.00. VN. 

Marshall, W. .T, — and Sankey. H, K. — . (ias Engines, 
pp. 127 ills. G x 8M:. Cloth. VN. 

Peele. Robt. — . ('ompresse^l Air I’lant. M'he I’rodnetion, 1 rails 
mission and Ese of (Vimpressed Air, with ST>‘a-i»l 
Mine , Service. 4th ed, revi.sed nnd enlarged. .)3i pp. 

G X 0. Cloth. $4..30 1020 \\ iciri-c. 

Wells, .T.— and M^allls-Tayler, A. .r.— . The Diesel ^ 

-Gth ed 1024. 130 ills. 3B.. x 8%. (loth. ..L' PP ' 

VN. 
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^1.6 Blowing niid Piimpinjc EiiKineN. 

Itarr, W. M- rumpiiiK: i\[\ x IH/,. 4<S.‘i pp. 

i:s7 ills. < lolh. l. 

DaiiKlK'i’ty. CeiitriluKul IMiiups. 202 pi*. Ill ills. 

0x0. ('loth. 

<lol^aA'.il, ('.,C . Oiitrifiif^ul Piimpine BucUinery. 184 p[). 

170 ills. 0 \ 0. (’hOli. 

1 ii'iniiif;, Ih I'.— . Practical Irripratlun and Punipiap:, 212 pp. 

02 ills, and diagrams. ]!) tables. r*Vi x 8. ('loth. .Vi.OO. VV 
lu lls, 10. iM.- -. Piiinpin^ by OonipreKsed Air. 2d cd, revised 
and enlarj,'ed. li)20. 20(> pp. 0x0. 124 ills. Cloth. .$4.00. 
\V. 

Weivliach, .hillns — and llerrinaim, Ciistav . MeebitnieN of 
Punipinu .Machin('r>. .‘OMi t»p 107 ills. 0x0. Cloth. .$4 oo 
.Miinri ('o., I’.Oi Itroadway, New lork. 

021.8 Trans miss ion Meehanisin. 

liess, il. I>- . Alachiin* Design; Hoists, Derricks, (.Jriiiies. 

:!7t i)j> .’US ilLs. l.s plat<*.s. 0x0',j. Choli. 1.. 
llel/.el, F. V. - . Belt Conveyors and Belt ]0le\ators. 

Iip. 0 X 0. 201 Ills. Cloth. ,$5.00. 1022. W. 

.I'liM's, F 1>. — . Mechanisms and Aleehanieal Mot etnents. .‘520 
liji. 0*4 >> oil (’loth. $2.50. VN. 

Sliuiiions I5oa:diiian I’uhlihlunj; Co. Material ilandlintc C.telo- 
pedia. S.'iO pp. 1.500 ills. 0x1*2. llnckrain. ,$lii,oo. Ix-atlni', 
M.’iOO. 1022. K-15 

Ziinnier, (J. F — . The Mechanical Handlini; of Material. .'5d 
ed Thorol.v revised. 1022. Over IKMi ills. 7<4 x I014,. Cloth 
S24 pji. $15 00. VN. 

Frineiples of Mechanism. See also 5.‘51, Misdianics ; 021. 
Mi'chanical Knttineerlm;. 

Eleetrleal Transmission, See 021.55 Electrical Ensinc'crim;. 

022 Miniiift; Earth llaiidliiiK. 

022.2 Practical Mining?. 

Kelchuin. M. S-~. The Design of Mine Struetiires. 475 pp 
2(55 ills. (55 t.ihles. 0VL> x 0. Cloth. Med. 

I’eele, Uoht — . Mininj? Enttincer.s’ Handbook. 25575 iij). Illd 
4x7. Flexihio Fahrlkoid. In one vol, $7.00; in two voN, 
$8 00. W. 

^^nu};, (J. .1 Elemonls of Mining. 2d ed. 0x0. Cloth. 

$0.00 10255. .Med. 

Bine Siirteyinp;, see 5‘20.0. 

Compressed Air, see (521 4. 

Explosites, si'e also 0(50. 

ItetainiiiK alls, tde., s<‘e 721.1, 

022.21 Excavation, 

dillette 11. r.— . Handbook of Rock Exeavalion, Metho^ls and 
Cost. 825 pp. IS 1 ills. 5l^x7Vj. Ixnither. $0,00. Met; 
Massey d, 15.- . En»?ineerinje of Excavation. 5170 pp. 0 x 0. 

IJlO'ills, Cloth. $0.00. 102:5. W. 

McDaniel, A 15—. E.teavation Machinery, Methods and 
(‘osts. Ist ed. 5550 pp. Illd. 0x0. $5.00. Med. 

Melianiel, A. 15--. Excavating Machinery. 5555;> pi> 15.54 ills. 

550 tables. OVixO'i. Cloth. $55.00, MvtS. 

I’relini, ( has. — . Earth and Roek Exeavatiou.s. ,‘50.'5 pp. 107 
ills. 8vo. Cloth VN. 

Earthwork, see also 025.1 ae. 

tt22.2<i Tunneling:. 

Eninton, 1). AV - , Davis, J \. — and Davies, .T. V — Modern 
Tunneling 2d ed. He’'isi‘d and enlarged. 022 p]). 0 x 0. 

no ills. Cloth. $0.50. 1022. AV. 
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Ilowett, B. M. H. — and Johannesson, S. — . SUeld and Com- 
prvMaed Air Tunnolinfi. 4(ir> pp. 170 ills. 6 x 0. *5.00. 

1922. McG. 

Laiichli, Eugene — . Tunneling. 288 pp. 197 ills. G x 9. Cloth. 
McG. 

C!222t2 Hydraulic Minina* 

VanWagenen, T. F. — . Manual of Hydraulic Mining. 18mo. 
Cloth. VN. 

Wil.son, E. B. — . Hydraulic and Placer Mlnini;. 12ino. C^Ioth. W. 

&Z4 Bridtco* and Roofs. (Roofs, sec also Oli-l.!)). 

Burr, W. II. — ■ and Falk, M. S. — . Graiihic Mflliod by Influence 
l)iug:raiiiM for Bridge and Roof i'ojnpiilations. 280 pp. 102 
ills. Svo. Cloth. W. 

Hilworth, E. C. — . Steel Rnilwuy Bridges: Designs and 

Weights 198 pp. .■).'» ills. 105 full-pagt* j)Iates. 12 V* x 9’/.. 
Cloth. -H-OO. VN. 

Hool, G. — , Assisted by F. i\ Thie.s.sen. Reinforced (Con- 

crete Consti ui'liou. Vol HI; Bridges and Culverts. 7lu pp. 
Over 0(K> ills. 0x9. Cloth. .$5 no. ' VN. 

Ilool, G. A — and Kinne, W S. — . Strcs.^c.s in Framed Struc- 
tures. 020 pp. IlUl. 0x9. !{;5 no. McC. 

Hudson, C. W — . l)cflcction.»< and Statlcnlly liidcterminate 
StrcHMi's. 271 pp. 74 ills. Sx ll'K,. Cloth $8 59, W. 

Johnson, .T. B. — , Bryan, C W. — and Tnrneaure, F, Fi. — . The 
Tlu'ory and ITaetice of .McMiern Framed StructiircH. I’art 1. 
Stri'sses in Simple Slinclurt's, 12th thousand. 828 pp, Hid, 
$8 50. Bart II, Statically Indeterminate Structures and S(‘c 
ondary Stresses. 5.88 pp. 818 ills, $5 ttn. Bart HI. Design 
Rewritten liy F. 11. Tnrneaure and W. S. Kinn(‘, $5.00. All 
9th od. 0 X i>. Cloth. W. 

Ketchum, M. S — . The Design of Highway Bridget of Steel. 
Timber and (’oncrete 2d <‘d, rewritlim. HtlG pp, 840 ills 
0 X 9. Flexible. .$0,no, .MeG. 

Ketchum, M. S — , Structural Engineers’ Handhook; Data fei 
the Design and Construction ot Steel Bridges and Bu tiding'' 

8d ed, enlarged. 1005 pi». Hid. 170 tables. 7 x 9. Flexible. 

$7.<Kb 1925. McG. 

Kuiiz, F. C. — . Design of Stt'ol B.ridges. 490 pp. ,52 folding 
jilates. 08 tables. 0 x 9. Cloth MeC. 

Marburg, Edgar — . Framed Sfructiircs and Girders; Theory 
and I’nictice. Vol I, Stresses, Bart I. 501 pp. 825 His- 

0 X 9. Cloth. McG. 

Mcrriman, Mansfield — and Jacoby, H. S. — . A Text-Book on 
Roofs and Bridge.s. Bart I. StrcisMCK in Simple Trusses Barr 
II, Graphic Statica. 4th ed, revised and enlarged. 804 pp 
102 ills. 0 X 9. Cloth. Bart HI, liridge Dcaign. 5tli ed 
422 pp. 185 ills. 0 x 9. Cloth. ^Y. 

Morris, C. T. — . Designing and Detailing of Simple Steel 
Structures, 8d ed, revised and reset. 200 pp. 94 ills. 0 x t>. 
Cloth. McG. 

Spnfford. Theory of Structures. See 581, Meehanics. 

Waddell, J. A. L. — . Economics of Ilridginvork. 584 pp- 
0 x 9. Hid. Cloth. $G.00. 1921. W. 

Retaining Walla, Foundationa, etc., see 721.1. 

Concrete Biidgea and Culvert.s, see also G91..8. 

Strength of Materiala, see G20.1. 

624.a Treatlea, Vladucta. 

Foster, C — . A Treatise on Wooden Trestle Bridges and 'rheir 
Concrete Substitutes. i)% x 12. Cloth W. 
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624.!fi CilrdeTN, 

Mooro, U E. — . DeniKii of Piute Girders, (i x 9. Cloth. McG. 
Skinnor, F. W. — . Plate Girders. (Vol. II of “Types and 

Details of Bridge Construction’’). Cloth. McG. 

6::4.3 TnAi»c«, 

Greene, C. K. — . Brldfre Trusses (Part 11 of Graphics for 
Engineers, Architects and Builders.) 190 pp. G x 9. $2.00. W. 
See also 024, Bridges and Uoofs ; and 024.9, Koofs. 

024.6 Arches. 

Greene, C. E. — . Arches in Wood, Iron and Stone. (Part ill 
of tiraphlcH for Engineers, Architects and Builders.) 8vo, 
Cloth. A\'. 

llool, G. A. — . Assisted by F. C. Thiesse.n. Bridges and Culverts. 
(Vol. Ill of Reinforced (Concrete Construction). TtH) pp. 
r.TG ills. 11 plates. G x 9. Cloth. McG. 

llowe, M. .V. — . Syinmetrlcul MuMonry Arches. G x 9. Cloth. 
W. 

Melun, .1. — . Translated by D. B. Stelninann. Plain and 
Reinforced Goncrcte Arches. IGl pp. 42 ills, G x 9. Cloth. 
.$2.^.0. \V. 

Skinner, F. W. Arch Siians (Vol. 1 of “Typ^s and Details 
of Bridge Construction’’). 2(H pp. 2GG ills. G x 9. Cloth. 
McG 

Reinforced CUmerete Arches, see also G91..‘17. 

624.H Draw Brldires. 

l.altue, B. J — . A (.raphieal llethod for Swing Bridges. 18mo. 
Hoards VN. 

\V rigid, C. II . The DeHl^nlnvt of Draw-Spans. 2 parts. 22;! 
pp. Hid. <Svo. Cloth. $2.r)U. W. 

62'l.P Roofs. 

Greeiif', C. 10. — Boof Triwses. (Part 1 of “Graphics for 
Engineers, Ai-hitects and Builders.”) <Svo. Cloth. W. 

Howe, M, A. — . The Design of Simple Roof Trusses in Wood 
and Steel. With an Introduction to the Elements of Graphic 
St a lies. 2(1 ed. Revised and enlarged. IHl pp. 90 ills Svo. 
{’Udh W. 

Kiddi r. F, 1!.- Trussed Koofs and Roof TruMses, (Part lU 
of Building Construction and Superintendence). 2d ed. :400 
pjK :!(IG ills. G% X 9%. Cloth. $2.00. W. 

S(‘e also G24, Bridges and Roofs. 


625 Railroada. 

American Railway Engineering Association. Hlaaual of the Am. 
Uy. Eng Assn. (Toth. Hid G x 9. Am. Uy. Eng. Assn., 
M»)naduock P»Iock, (Tiicago, HI. 

Droegc', J. A. — . Passenger Termliials and TralnN. 412 pi». 

220 ills. G X 9. C!loth $2.00. McG. 

Eaton, .T. S.— Hand Book of Railroad Expense)*. 271 pp. 
7C>'x 2. Flexible leather. Mc(J. 


l.jivis, F . Railway EHtImates. Di'slgn, (quantities and Costs. 

GOS pp. 9t) ills. G X 9. $2.00. McG. 

Raymond W G. — The Element** of Railroad Engineering. 

4th ed’ 422 pp. 107 ills. G x 9. Cloth. $4.00. W. 
Simmons-Boarduian Publishing Co. Railway Age. (Weekly 
Perlodleal). One year, $G.00. Two years, $1000. S-B. 
Simmons-Boardman Puhllshnig Co. Railway Engi^neering and 
Malnt('rence t^yeloi^edla. 1000 pp. Hid. Cloth, $8.00. 
I/«’uther, $10.00. 1925. S-B. 
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W. Ti. — . Railroad KiiKineerinK. !!!>() i^p. 1(>0 ills. 
7 X U-'yi. Hall moro(To. Munn & Go. 

Bri(lK<*N. s(‘(‘ CtlH. Electric Railways, soo 021 0. liO<‘oiuoti\eN, 
SL*(* 021.1.'!. Tunnels, see 022 20. 

62&.1 Route. Traek. Fixed Equipment. 

AllPii, G. K. — . Railroad Gur\es and Eartli^\ork. Olli od, n*- 
\is(?d. O0(t pp. -M/j X 7. Floxiblo Kalirikoid. !j!4 00, 1020. 
VN 

Gaiiij), W. M. — . ^'otes on Track. 2 vols. W. M. Camp, Auburn 
Park, Glucaf?o, HI 

Giaiidall, G. G. — . ami Itanics, F. A. — . Railmad Gonstruetioii. 
:i21 pp. SI ills. 0 X 0. Cloth. Mc(l 

Cillctc, H. r — . Haiidhook of Clcann;t and (Jruhbint: Met bods 
and Cost. 241 pp Hid. r> x .s Lcatbor. .'!!2.ri0 Med. 

Howson, F. T — , atid others. Itlaintenanee of Way (Adopedui 
SOO pp llld. 0x12 (Moth. .itlOOO Leather, .iil.-.’oo S-R 

Kinu, I'b !■' — Uail\\a\ SiK;nalin^. 000 ]))> 0.40 Ills. 0x0 

H-OO. 1021 Med. 

Lovell. Ii. H- . I‘racti«‘al Switeli Work. Clark I.ook Go, 27 
William St., A’ew Yoik. 

Railway Sijjnnl AssoiMation Signal Dietionnry. J) x 12 ,*108 

Ijp OSS;* ills. Full mot loco, or cloth .Med 

Sellew, W. H. — . Railway 3Ialiitenanee Fnitineenu;.’ Milli 
Noti's on Construction .'ISO jip 20O ills. .">'1 x 7 'A .$.’10(| 
VY. 

Tratman, F E R — Railway 'J’rack and 'I'raek Work. .'Id ed 
IL'writleu. .7o0 ]»]). 2.70 ills 0 x tt Cloth Med. 

MM'bb, W. L — . Railroad Goiistruetlon. M'heon and I’lactuc 
7th e<l, revisi'd and enlarged. S04 )»p 22.7 ills, 4 '4 x O'b 

Flexible. .8.7.00, 1!>22. W . 

Weiss, Gluis — . [‘ractical Railway Maintenanee. 040 ]>]). ss 
ills. 0 X 0. .$.'l..7i) 102:1 .Med 

Bridii^es, see 024 Railroad Statioii.H, see 720. 

625.1a lioeation and SurveyitiK:. 

Ih-almii. Willard- Field i’ractiec' of Railway Loeation. 27o 
pp 4:i ills. 0 X 0 (Moth. Med. 

Frve. A. I — . Railway Rfuht of Way Survevinir. .7o pp. 0 x 0 
Cloth. Med. 

Lavis. F. — Instructions to l.oeatinK En^^iiu'ers and Field 

Parties. 44 pp. 10 folding- plates. 0 x 0 Cloth !iil 00. .Med. 

.Searles. W. II. — and lv<‘s, 11. G — Fudd Fnitineerlnir A 
Handbook of Hu' Tlieoiy and J’ractiei' of Railway Surve\intr, 
imeatiou and Gonstruetioii. Part L M'e\t Part 11, M'alib's 
ISlh <‘d, revised and enlar>?ed In oix' or two vols :).70 r ll-7t 
pp. 1.72 ills. Atholeather, :i;4.00 in one vol., or .$270 each 
for 2 vols. W. 

Shiink, Wrn F. — . The Field Engineer. 21st ed. Revlsisl 
074 ]ip. IlJd. 4x0%. Flexiblt*. .82 70. VX. 

7Velliiif;ton, A. M — . 'fhe Kcononiic I’lieory of the koeatlon 
of Railways. 1000 jip Hid. .Svo. (Moth W, 

See also 720.0, Surveying 

625.1ae R. R. Ciir\CN. 

Kurtz, C. M. — . Modern Loo.ation of Standard Turnouts. 
4x0%. .71 }»p. 22 ills Flexible leather. .$1.2.7. (^ 

Kurtz, Sun Francisco, ('al. ^ 

Perkins, l/ce — MMie Railroad Taper. .‘{(Ki ])]). 41 ills 1- 

tables. 4x7. J'Mexibh* leather W. 

Searles, W JI. — . M'he Railroad Spiral. lOmo. Morocco. M'- 
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TjiU)o1, a. N Thp Railway Transition Spiral. 108 pp. 17 
ills, lit) tul)l<‘s, 4 X (5%. Floxililo loatlior. .$1 50. Mc(i. 

Oliu.lae R. R. Earthwork. 

t'lMiulall, (_' Ia- . Raihvaj and olln-r Earthwork Tables. (> x 0 
t’lotli. W. 

(IjiidiK'r, .1 • W E. — . Earthwork in Railway Enj^inoerinff lOi’l. 
71 ills. 5'/. X 8% Cloth nil pp. )t;:;5o vn. 

Hudson. .1 R — i’ables 1*)r (’alculating the thibir Contents o£ 
I'lxcavations and Einhankinonts Svo. !f2.(K). Clotli. W. 

Earth Uatidlin^:, see ti21i.lil. 

02.5.2 Trains, Rolling Equipment. 

Kirknian, M. . Cars, Their Constnudion and Handlinj; 
(*.:.(( pp. Illd. 5x7U Hall leather. .i;4.i)0. 1010 VN. 

W 1 iiilit, R V — , and Aiifiur, R, (’ - Car Huildcr’.s Cyclopedia 
11.5(1 Ji],. :i84S ills 0x12 Cloth, -ItStM). Leather, .$10 O^J. 

102.5. SH 

Locomuti\es, see 021. K*. 

02 . 5 ..S Roads and Paxcments. 

'r R — Coiistriiction of Roads and Pavements, ild ed. 
revised and enlar!;ed .510 pp 100 ills. Cloth. $1.00. Ox 0 
1022. Met;. 

R.ikei’, 1. to— A 'rrcati.sc on Roads and I’avmiients Od ed, 
revised and rewritten. 077 pp. 2:1.5 ills. 0x0 Cloth. $l.5n 
1 \’ 

Lesson, E S. — . t'itj Rax emeu ts. 421 pp. 200 ills. 0 x 0. 
$5 00. 102;i, .Met;. 

Rl.iiicfiard, A 11 - and others. Ameriean llLdiway Engineers' 
Handbook. 10.5.S pp Hid. 4'', x 7. Klexihle $0 0 fi. W 
Elements of Hisjliway Enj'ineenn^ 520 pp 202 ills. 0 x 0. 
Cloth $.'!0ti \V 

Cliallairn. (1. U — Highway Eiiinneerinf: : Rural Roads and 
Pavements. 1170 pp. ISO ills. 5'/i x 8. Cloth. $:i.00. 1021. 

Frost, Ilaiwvood— -. The Art of Uoadmakiin; 502 pp. 20:-l ills 
0 \ i) t 'loth Met!. 

(loodell. ,1 .M. - The liOeatlon. Construction and Mainte- 
nance of Roads. 218 pp. Hid. 0 x 0'4. Cloth. $1.50. VN 

Hari'er, W t!- -. and IRmnev, E A -- llif^hway Enfjineer^ 
Handbook. .‘Id ed. revis'd .and enl,ari;ed. 080 pp. 4x7 
Flexible $.5.00. 1010 Met!. 

Huhhard Pr^vo'.t- . Hiist Preventives and Rond Binders. 

121 lip. 51 ills 0x0. Cloth. W 

IlMl)l>ard. Prfwost— . ICnthway Inspectors’ Handbook. ,‘172 pp 
5.5 ills. 4'i V 7. Flexible $2.50 \V. 

Richardson. Clifford—. Asphalt Construction for Pavements 
and Ihjihwavs 15.5 pp Hid 4 x (. Mexilde. $2 1)0. Met! 

Sjialditi),'. F P- A Text Book on Roads and Pavements. 4th 

ed. 420 jip. 51 ills, -x 7%. Cloth. W. 

«2<{-r lljdrnnlfc EnRiiieerinK. 

Cieene Carlton - At harves and I’lers; Their Design, Con- 
st! luVion and Equipment 24S pp. 155 ills 0x0. Cloth. 
$;j.(K). Met;. 

Hoyt .T C— and C.rover. N. 0.—. River DiseharKe. 4th ed, 
revised and enlarged. 222 pp. .'hi figs. H plates. 0 x 0 
('loth. $2.50. 

Hunter, W. IT. • Hook and liOek Machinery. 1021. Over 

07 ills 5L. x StVj. Clotli 222 pp. $4.50. VN. 

MacElwee R.“ A.— Port Hex'elopment. 4.5G pp. 157 ills. 
t> X 0. Cloth. $.5.00. 1925 Mc(J. 
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628 Sanitary EnKineerinf;. 

AuHU’ican Publir Ilralth Association. Slandurd Methods for the 
Exainiiiation of \\ator and Se«HK»*. (51 h od. 11!) i)p. 
Tables. Cloth. Jjsl.oO. 1!)2;{. 7 x Id. Am. Pnb. Health Ass’ii, 
.New lock. 

Babbitt, H. E. — . Sewerage and Sewage Treatment. 2d ed, 
revi.sed. » oUl pp. lHr> ills. G x 0. (Toth. $0,00. W. 

Folwell, A. 1'. — . SeweraKC. The Hesif'iiing, Construction and 
Maintaining of Sewerage Systems and Sewage Treatment 
Plants. !Hh <‘d. 477 pp. 80 ills. (1 x !). (Toth. $4,00. 1!)2T. 
W. 

(Jot hard, W. P -- . The Watei Supply, Sewerage and Plumbing 

of Modern City Buildings. 528 pp. 214 ills. 15 tables. 
(T<dh. 4.(K). W. 

(Jerhard, W. P.— . The Sanitation, Water Supply and Sewage 
Disposal of Country Houses. 2d ed, revised. 5^/4 x 7%. 
84S pj). 114 ills. 12mo. (Toth. VN. 
lleiing Rudolph — and Greely, S A — Collection and Disposal 
of Municiiial Refuse. 003 pp. 131 ills. 0x0. Paper. $7.00. 
1021. McG. 

K<'rshaw, G. B. — Sewage Purification and Disposal. 350 pp. 

50 ills. rD4 X 0. (Toth. <!. P. Pntnam s Sons, New York, 

Mi'rriman, Manstield. — Elements of Sanitary Engineering. 4th 
(>(1. revi.sed. 244 pp. 0 x !). Hid. Cloth $2.00, W. 

Metcalf, lyeonard — and Eddy, II. P.— . Sewerage and Sewage 
Disimsal. 508 pp 220 ills, 7o tables. (> x 0. $5.00. 1!)22. 
McG. 

Sewerage, 028 2. Sewage Disposal, 028,3. Ventilation and 
Heating, 007. 


(J2S.1 Water Works. 

Aincrienn Water Works Association. Waterworks Praetiee* 
A Manual. "Od pp. Hid. 0 x 9. Cloth. $5.00. 1025. 

Williams & Wilkins Co.. P.altimore, Md 
Clcverdon, W S. D— . The Water Supply of Buildings and 
Rural (’oinmunlties. 180 pp. 82 ills. 5 x 8. (Toth. $2.50. 
]!»25 VN. 

Flinn, A. 1) — , Weston. R. S. — , and Bogert. C. L. — . \Vator- 
works Handbook. 824 pp. 411 ills. 311 tables. 0 x 0. 
Flexibh' b'atlier, $0 00. McG. 

Folwell. A. P — Watcr-Snpph Engineering. 3d ed. 484 pp. 
121 ills. 0 X 0. Cloth. $3..'»0. W. 


Ilnhhard W D. — and Kiersted, Wynkoop — . Water-Works 

Managemeut and Malntenanee. 4:55 pp 132 ills. Svo. 
(Tolh. W. 

M.isoii, W V.— Water Supidy 4th ed, rewritten. 538 pp. 
Hid.’ 0x0. (Toth. $3 75. W. 

MeGraw Puidishing Co. McGraw Waterworks Directory. 
O'.. xO. McG. 


F,,.sc(,ft. S. C— and Winslow, i\ E. A.— Elements of Water 
llaeteriology. 4th ed, rewritten. 211 pp. b x 0. Cloth. 
$2.25. W. 

Turneanre F. E— , Russell. II. D.— and others. Public Water 
Sunnlics Reouirements, Resources and me ( onstruction of 
Mrkr\3d <T tables. 0x0. 

(Toth. $0 00. 1025. W. 

Whipple G C— T>T>Iioid Fever; its Causation, Transmission 
and pVevention. 44.3 pp. 50 ills. 12rao. Cloth. W. 


Dams, see 027 8 . Flow in Pipes, Channels, ete.. 532.5. Hydrnn> 
lie Engineering, 020-7. 

ITiniiKS, 021 0 


.SO 
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62S.12-13>14 Stora}:;e and Distribution. 

S^chiiyU'r, J. I). — . Reservoirs for Irrig:ition, Water- Vowor and 
inunestie Water-Supply. IM cd, rev l-sed and enlarged. 

1 ) 1 ). :><S7 ills. dVa X 10 '/4- Cloth- W 

Wegrnann, Edward — . Tonveyanee and lll.strll»iitlon nl Water 
for Water Supply, Aqueduets, IMpe-line^ and 1 )islril)uting S.vs- 
teius. Otl.'l pp. tdJT ills S plates, (i \ 0. (Moth. $5.00. VN. 

Retaining Walls, ele., see TUl.l. Dams, 027. S. 

G28.15 Pipes. 

Aineriean t\'ater Works Association. Standard SpeeKIcutions 
for ('ast-lroii Water Pipe and Special Ca.stings. Am. W. \V, 
Assn. 

Flow in l*ipes, sei* 5.‘>2.5. 

628.16 Purideation. 

Don, John — and (Miisholm, .Tohii — . Modern Methods of Water 
Puritieation. .MM pj) t».S ills. J1 tallies. 0 x t». (Moth. LD. 

Kuertos, .T. II — . Water-Flltrallon Woiks. .MOl pp. 05 ills 
12iuo. (Moth. W 

llazen, Allen — . ( lean AVater, and How to (ict It. l!>0 pp 

Hid. 5 ft X S. (Moth. $1.75. W 

Stein, M. E — . Water-rurilication lMant.s and Their Operation. 
2d ed. 258 pp. loO ills. 0 x 1). (Moth. $5.00. W. 

628.17 Use and W aste. Meters. 

Ha/en, Allen — . Meter Rates for Wat»'r Works. 217 pp. 21 
ills. 0x0. (.Moth $2 25. W. 

628.2 8evv erage. 

Metcalf, lA'oiiard — and Eddy, 11. P. — . Amerlean Sewerage 
Practiee, 5 vols. 717 504 -f 877 i»j) .M2S + 181 + 2.M1 

ills. 72 81 -I- 210 tallies. $0, $5 and $7 respectively 

Ogden, II. N. — . Sewer Construetlon. 547 pp. 102 ills 
r>% X oyo ( loth w. 

Ogden, 11. N. — . Sewer Deslga. 2d ed, revised and correct I'd. 
200 pp. 71 ills, (.Moth. W. 

628.3 Disposal of Sexvage. 

EMiller, (1. W — . Sewage Disposal. 782 pji. so ills 0 x th 
Cloth. McH. 

Kinnlcutt, D. P. — , Winslow, (’-E A and Pratt, H, W — . 
Sewage l)isi)osal. 2d ed, rewriltcii. .547 jip. Ill ills. 0x0. 
Cloth, $4.00. W 

Ogdon, II N.-- and (Meveland, II. 15 — . Praetieal Method.s 
of Sewmge Disposal. 158 pp 52 ills. 0 x VDA, Cloth. W. 

630 Agriculture, Forestry. 

Britton, N. L. Assisted by .T. A. Shafer, IVorth Amerlean 
Trees. 804 pp. 781 ills. 8vo. (Moth A(\ 

Brown, N. C. — . Forest Productsi Their Manufacture ami 
Use. 490 pp. d X 9. 120 ills. Cloth $:i 7.5. 1919. W. 

Chapman, II. II. — . F'orest Mensuration. 2d ed, revised. 5S*i 
pp. 0x9. 88 ills. (Moth. $5 00. 1924. W. 

Hough, B. B^ — . lIandlKK>k of Trees of the Northern States 
and Canada, East of the Rocky Moiintain.s 881 ills Butk 
ram, $8.00, Half mor., $10 00. R. B. Hough, lx)wvllle, N 1 

Moon, Franklin — and Brown, N. C. — . F.lements of Forestrv 
2d ed, revised and rewritten. 40,M i)p. 71 ill.s. oVi x 8. Cloth. 
$5.. 50. w 

See also 091.1, WorxI. 



BUILDF^'G 


1441 


Oeo Chemical TechnoloiQ'. 


({02.2 FiXploKives. 

Brunswig, 11. — . Tviinslatod and nnnotatod by C. E. Munrne and 
A. B. Jvililcr. I'Bxpldsivi's. A Svnophcal and (’rilical Troat- 
iiKUit of tlio Literature ot the Subject. IBi.-) pp. -In ills. 
X S’i. (Moth W. 

liainsay, A. B. ,1. — . and ^Ve^lon. II C . — A manual of Explo- 
snos 1:JT pp. llld. x 7. Cloth, .fl (M). VN. 


(Mit) metalliirgry. 

Doan. K. S — . Theoretical molallitrgj. lid <‘d, llioroly revised. 

LTD jip. <1x0. DiA ills. Clchli. <Mi 10114 W. 
Bndouhauser, \V — , Schoenawa, .T and \'omBaur, C. 11.^ — 
Fleet rie Fiiriiaee.s in Iho linn and Stool Induslrj. ltd ed, 
io\isod. ISl jip. <l X 0. ills <Moth $4 AD. 1020 W. 

SlioricK. Rudolph - — and Dean. U S — . The l^hysleal Chem- 
istry of the Metals. 217 pp <1x0. 114 ills. Cloth. 

1!U0 W 

Sloiialitoii, Bi-'dlev — . The Metallurgy of Iron and Steel. 

Id od (i .\ 0 ('loth $100 102.*! .Met; 

Soo also 070, .Manulaetuios : <*i01, etc.. Building Materials. 


070 Mjinufaeture.s. Iron and Steel. 

('amp, .1 M — and Francis, C B -. The making:, Shaping: 
iind I'reatiug: ol Sti'id 2d <*d. 014 pp. llld A \ S. Beathi'r. 
SA 00. The Carnegn* Sloe! Co., Biltshurgh, I’a 
Davies, .T II .Modern ^lethods of AVelding:, as Applied to 
WdiKsliop I'ractice. 1022. llld. At.;, x Mi/j. Cloth. 2S1 pp 
'OOO tx 

Mnl(lonl<('. Ricliaid — . The Brinciples of Iron Foiindin;^. A17 
jip. llld 0 \ 0. Cloth .$4 00. 1017 McC. 

'rioniann, II. B- - Introiluction by II M. llow’i'. Iron and 
Stool A rocket Kneyelopedia. 2(1 «'d, enlarged and revised. 
A20 pp r» \ 7. Flexible .'^4 00. 1010. .Mc(«, 

See al'ij 001.7, Iron & SO'ol. 


00 Building:. 

01 CoiKstriietion, materlalK, rroce.sseK and I*reserv atlx e.s. 

('adi, F E - and Ibites. II B.--. Illiinilnnting: Engineering. 
400 Pit. C X !>. 102 ills. Cloth. $A0(I 1024. \V. 

Christie, AV. AV. — . Chimney De ign and Theory. YN. 

Dana Corliani -. Aiitoiiiatle Sprinkler I’rotectiou : with Siip- 
iileinenl Three, bound sepaiatei.\ in papoi bringing book ui> to 
ioj:;. 4AI jip. a% x sc .’>4o ills, ('lotb $:i.ao. 

Froita*' .1 K . Fire I'reveiitlon and Fire rroteelion 2d ed. 

roxised ‘ 104S PI). 4^x7. llld. Flexible $A.iai 1021 \Y 
(} A.— and .lolinson. X. C--. Handbook of Building 

Construct ion. 2 vol.s. 1474 pp flld (» x 0. i'lexilib', .$10,t)0 
tor 2 vols M(4l. 

Ki,l,b.i- V E— Thomas Xolan, Editor. Architects’ and Build 
ovs’ ’lland Book. 17tli ed, n‘vis(‘d and enlarged. 1007 pp. 
loot) ills. 4i'i X 7. Flexible. $7 <10. AY. 

Fassinori' A C — . llandboi-.x of Tcehnieal Terms Vsed in 
Arobite’eture and Building, and Their Allied Trades and Sub- 
joots. OSO ])]). S\o. (.'’loth. AX. 
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Mill Buildiiigrs and Other Industrial I’lants. ^05 pp. 652 
Ills. 6 X 1)1/4. Cloth. $4.00. McG. 
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Dlngman, C. F. — . Estimating Bulldlnw: Costs. 240 pp. 

“I’ocket” size. Flexible. $2.50. 1923. McG. 
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4th ed. 2100 pp. 4^! x 6%. Flexible. $10.00. 1921. F. U. 
Walker Co., 2209 Archer Ave., Chicago, 111. 

091. d Desljgn. 

Hess, II. 1). — . Graphics and Structural Design. 2d ed, re- 
vised. 444 pp. 429 ills. 6 x 9. Cloth. $.‘{.00. W. 
llool, G. A. — and Kinne, W. S. — Steel and Timber Struc- 
tures. OO.’i pp. Hid. G X 10. Cloth. $6.00. 1924. McG. 
Ilool, G. A. — and Kinne, W. S. — . Structural Members and 
Connections. Oil pp. Hid. Buckram. 6 x 9. McG. 

Jacoby, II. S. — . Structural Details, or Elements of IX^sign in 
Heavy Framing. 377 pp. 40 ills. 5% x 9);4. Cloth. $2.2.‘ 
W. 

Ketchum, M. S. — . The Design of Walls, Bins and Grain 
Elevators. 3d ed, enlarged. 556 pp. Hid, 6x9. Cloth 
$4.00. Mc(J. 

McCullough, Ernest — . Practical Structural Design. 303 pp 
184 ills, 6 X 9. (Moth. $3.00. 1921, U. P. C. Book Co. 
Thayer, II. It. — . Elements of Strnctural Design. (Vol. I of 
“Structural Design.’’) 230 pp. 75 ills. 6 ’4 x 9^4. Clolli 
VN. 


601 .f Foundations and Retaining: Walls. 

Cain, William — . Earth Pressure, Retaining Walls and Bln.s 
287 pp. 99 ills. 6 x 9. Cloth. $2.75. W. 

Cain, William — . Practical Desiicnlnt!: of Retaininfp Walls. 
With Appendices on Stresses in Masonry Dams. 7th ed. 
thoroly revised. 182 pp. 26 ills. 3% x 6. Clotli. VN. 
Corthell, E. L. — . Allowable Pressure on Deep Foundations. 
98 pp. 12mo. Cloth. W\ 

Fowler, C, E. — . Ordinary Foundations. (Vol. I of “Engineer- 
ing and Building Foundation.s.”) 4th ed, revised and enlarged 
531 pp. Hid. 0 X i). Cloth. $,5.00. 1920. W'. 

Fowler, C. K. — . A Practical Treatise on Sub-Aqneous 

Foundations. 3d ed, revised and enlarged. 857 pp. 4T6 
Ills. 6x9. Cloth. W. 

IIooI, G. A. — and Kinne, W, S. — . Foundations, Abutment.s 
and Footlnss. 413 pp. Illd. 6x9. Buckram, $4.(K>. 1923. 
McG. 

Howe, M. A, — . Retainini; Walls for Earth. 6th ed, revised 
and enlarged, 209 pj>. 110 ills. 5 x 7¥^. Cloth. W. 
Jacoby, H. S. — and Davis. R. P — . Foundations of Bridge? 
and Buildings. New edition. 665 pp. 200 ills. 6x9. Cloth. 
$6.00. 1925. McG. 

Paaswell, George — . Retaining Walls. 275 pp, 133 ills. 6x9 
$4.00. 192r). McG. 

Terzaghi, Charles — . Principles of Soli Mechanics. SPrnu 
articles in Engineering News-Reeord, beginning Nov. 5, 19-'*- 
W'hlte, Lazarus — and l‘rentis, K. A. — . Modem Underplnnlnj?. 

106 pp. 48 plates 6x9. Cloth. $1..50. W. 
F.mbnnkments. See 027.8, Dams 
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091*m Materials. 

Byrne, A. T. — . Inspection of the Materials and Workmanship 
Kmploved in Construction. IJd ed, thoroly revised^ 609 pp. 
llld. 4V4x7yi. Cloth. W. 

.Johnson, .1. B. — . Rewritten by M. 0. Withey and James Aston. 
Edited by E. E. Tumeaure. The Materials of Construction. 
0th ed, rewritten. SO.J pp. llld. 0 x 0. Cloth. $0.00. W. 
Snow, C. 11. — . Wood and Other Organic Structural Materials. 

400 pp. 00 ills. 6 X 0. Cloth. $r..(K). McG. 

Swain, Ci. F. — . Fundamental Principles of Materials. (Vol. 
11 of “Structural Engineering.”) UOO pp. 49 ills. 6x9. 
Cloth. $11.50. 102.5. McG. 

'rhurston, R. II — . The Materials of Kngineeringr. 5th ed, 
revis(‘(l. ;i v(.ls. 8vo. Hoth. W. 

See ailso material in question, 001 1, etc. 


(»)l.p Paints, Preservatives, Corrosion. 


Holley, C, 1) — Th<' Lead and Zinc Pisrments, 3.50 pp. 8.5 
ills'. .5‘/i X H%. Cloth. W 

Lr)\\e, Houston — . I'uiiits for Steel Structures. .5th ed, re- 
visi'd. 11.5 pp. 5 X 1^2. Cloth. W. 

I’ollitl, A. A — . The C auses and l*reveiition of Corrosion, 

1023. Full-page plates. TFi x 0’^. Cloth. 230 pp. $6.50 


VN. 


S.iltin, A. II — . White- Lead. 

.5x7Vi.. Cloth $1.2.5. W. 

Todi, Maximilian—. The Chemistry and 
Paints. 3d ed, revised. 366 pp. S3 ills. 
Cloth. $-5.00. 1025, VN. 


Its r.se in Faint. 1020. 142 pp 


Technolofjy of 

Tables. OxOCi- 


ttOl.w WaterpmoOnpr. 

Ross, .Tosepli — . Waterproofing Engineering. 452 pp. 138 ills. 
6 X 0. Cloth. $5.00. 1010. W. 




Wood. 


Betts, II. 8.—. Timber: Its Strength, Scasonlngr Md Grad- 
ing. 234 pp. 107 ills. 27 tables. 6x9. cloth. $3.00. IJIJ. 

Comiidftce on Marine Filing Investigations of the Div. of Engi- 
neering Research of the Nat’l Research Council. Mwlne 
Structures! Their Deterioration and Preservation. 534 pp 
168 ills. 6 X 9. Cloth. $7.50. 1925. Nat’l Research Council, 
Washington, 1>. C. 

Dewell, II. I).—. Timber Framing, 275 pp. llld. 6 x 9. Cloth. 
.$2 00. Dewey Publishing (-o., Sun b’rancisco, Cal. 

•lacobv, II. S-^. Structural Details of Elements of Design in 
Timber Framing. 36S pp. Hid. 6x9. $3.00. 5V. 

Koehler Arthur — . Properties and Uses of 5Vood. 354 pp. 
127 ills. 6x9. $3.50. 1924. McG. 

Newlln, J. A.— and Wilson, T. R.— . MechMical Properties 
of Woods Grown in tlie Hinted States. -U pp. Hid. 6x9. 
Paper. Hopt. of Agriculture, 5\ashington, 1). C 

Slone. Herbert—. A Text-Book of Wood 247 pp. 41 plates 
and ills. oJ/a x 8%. Boards, $5.50. 1921. 5 N. 

Ciiiti'd States Dept, of Agriculture. Forest Service. Bidletlna 
<5x9.^ Paper. ^ Issued from time to time. Govt Printing 
Office, Washington, 1>. C. 

W(>is« TT F— The Preservation of Structural Timber. 2d ed 
revlsod and enlarged. SOi pp. llld. 0x0, fS.OO. 

See also 630, Agriculture, borestry. 
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.2 Natural Stoao. 

Krk^'l, E. C . — . IluiUling Stimi's and t'lay.s. Jl’liPir Orij^jn, (’har- 
acteristioh! and Examiiuitiou. -7G pp. GT ills. IIT) tahU's 
i; X PVi. Cloth. W. 

<;illnioro, Q. A. — Urport on tho Strensth <>1' HiiildiU}; Stonos ii. 
tlu' United States. Illd. Svo. Clolh. VX 

Merrill, (1. I' — . S1one^ for BuildinK; and Doooration. r><;7 
pp, :12 i)Ia1es. li-l ills. Svo. Clolh W 

liiehardson. ('. 11. — . IPiildiii}; Stones and Clays. .\ Handbook 
for Architects and Enjtineers. 451 pp. .’HG ills. GxIC'i. 
Cloth. $o..o0. VX 

Kies, Heinrich — . Huildinf; Slones and Clay J*roducts. 4-S pp 
.“)<) plates. 2d ills. Svo. Cloth. W. 

MaKoiiry, see (1113. 

091.3-5 Artilleial Slone, ( onerete. Cement. 

Eckel, E, C — . Oments, IJmeH nnd PlaxterM for Sjrncinral 
I’urposes. 2d ed, revised. (1(57 i>p io.S ills <5 s It. Cloth 
$(;..50. 1!)22. W 

Falk, M. S — . CementM, Mortars and Conerett-^. J((> pp 
Tabl(‘s, plates and ills. (5 x It Clolh McH. 

Redgrave, (1. R.— and Spackinan. Clias— Caleareoiis 

t'ements. 2d ed. R«‘Vised and enlarged. Illd pp. G3 plates 
Svo. Cloth. L. 

091.3 Concrete (only I . 

Cilhreth, F. B. — . Concrete System. 184 pp. 220 ills. 10 
I)lates 8V'> X 11 Flex. Mor. McH. 

(iillette, H. 1'-- and Hill, C. S. — Concrete Constriietion, 
Methods and Cost. 700 pp. 310 ills. Cloth. McU 

Ilatt, W K. — and Voss, W. C. — . Concrete Work. Vol 1 
470 pp, r.V 4 X 7%. 224 ills. 20 plates, ("loth. .^Htn 1021 
\V. Vol. II. 220 pp. oVi x7%. 37 ills 07 joh sheets, 
Cloth. $2.00. 1021. W . 

Ilool, (1. A. — and others. Concrete Engineer’s Mhriiryj Consist- 
ing of ; Hool's Reinforetnl Concrete Conatriictlon, Vols. 1, 2 
and 3 ; Hool and .lohnson’s Concreti* Engineer's Handbook, 
and Hool and Whitney's C»»ncrete DeHlKner’N Manual. 5 vols 
2070 pp. 2000 ills. $24.50. McC. 

Taylor, F. W. — nnd Thompson, S E. — Concrete CoKts. 731 
pp. 82 ills. IGG tables. oVa x 8. Cloth. W. 

Taylor, F W.— , and Thompson, S. E— and Smulski, Edward- 
Concrete, Plain and Reinforced. \’ol. I, Tlieor.\ of Design 
of Reinforced Concrete Structures 4th ed. 0(50 pp. 311 ill" 
6 X 0. Cloth. $S.dO. 102.5. W. 

T’rqnehnrt, E. C — and O’Rourke. C. E — . neMlpn of Conerete 
Structures. 4.50 pp. Hid G x 0. $4.00. 1023. McC. 

Concrete BrldKCs, see G24.G. 

Maaonry', see G03. 

691.3b BlockH. 

Rice n H. — . (’oncreto-Block Manufacture: Processes and 
Machines. IGG pp. 4G ills (’loth $2.00 

Whipple, II. M. — Concrete* Stone Manufacture. 2d ed. r<* 
vised and enlarged. 318 pp. .5 x 7. Cloth. $l.r)(>. VN. 

691.37 Reinforeed Concrete. 

Brooks. .1. I*. — Reinforced Concrete*. 230 pp 87 iUs G x 0. 
Cloth. .Me-H 
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Iliu'l, A. \V. — and Hill, C. S. — . Iloinforced Concrate. 2d ed, 
H‘vis«'d aud ('iilar}?<‘d. 512 pp. 857 ills. (5 x {>. Cloth. MdL 
Kddy, II. T. — aud Turner, C. A 1*. — . Cotu-rele-St('('l Constnie- 
lion. Tart 1, BuildlnicH. 2d ed, rewritten. 41)8 pp. Hid. 
X DVj. Cloth. $10.00. VN. 

Caber, Osi’Tir — . Reinforced Concrete Design. Vol. 11. 246 pp. 
I lid. 6 X 1). (doth. LC. 

llool, (I. A. — and Kinne, W. S, — . Reinforced ('oucreK' and 
llaKunry Structures. 7S6 pp. .586 ills. 6 x 1). Cloth. $6.00. 
11)25. Med. S<'e also (>01.8, llool, d. A. — and others, Con- 
crete Engineers' Library. 

Mc( 'ulloUKh, Ernest — . Iteinforced Concrete. A Muiiiiul of 

l*ra<‘ti(‘e. 186 pp. 2.S ills, .5 x S, (Vment Era Publishini; 
Co., Clucaffo, HI 

Morseh, Emile — , Translated by E. P. doodricdi. Conciv'te Steid 
Conatriietloii. :U1 tlerman ed. IDOS, revised and enlarged. 
Over 400 PI) 8.5(^ ills. 45 tables. 7>/i x 10 lluekram. Med. 
Turneaure. F E. — and Maurer, E R. — Principlea of Rein 
forc('d Concrete Construction 8d ed, revisinl and enlarged. 
11)8 pp. Hid 6x1)14. Cloth. $4.00. 1910 W. 

MuHonry, si'e 601 8. 

001.7 Iron and Steel. 

Rland, M. C - Handbook of Steel Erection. l.st ed. 241 pp. 

8!) ills ••I'oeket” size Flexible. $2..5t). 1928. Med 
Cushman, .V. S — and dardnei, H. A. — . CorroHion and 
I'renerxation of Iron and Steel .898 j)p. 6.S ills 6 x 9. Med. 
Fainswnrth, A. \V — t'onNtriietional Steelwork. 268 pp. 
108 ills, Svo. Cloth. L. 

Friend, .T N — Tlte Corrosion of Iron and Steel. 814 pp, 68 
ills, oil \ 7L Cloth. L(i. 

Hodg.sori. F T. — . Practical Steel Construction. 112 pp Hid. 
'>'/;• X 7% Paper, VN, 

Ketchum, M. S. — . Design of St<‘el Mill Buildingra. 4th ed, 
rewritten and (‘ularged, »*56 pp. 4H) ills. <5x9, Flexibh*. 
$6,00. 1921. Med. 

Thurston. R. H — Iron and Steel (Part II of ‘‘The Materials 
of En;.;ineenng.’‘i 9th ed, revised 742 pp. 118 ills. S\o. 

Cloth IV. 

VanPatten. Nathan — . Corroaion of Metals and Its Prevention: 
A Bihliogrraphy. IKO pj). 6 x 0 Cloth. $5.00 until ed. 

exhausted 1925 Nathan VanPatten, (Jiu'en's University 

Libraiw. Kingston. Ontario, ('anada 
See uIno 669, Mettillurgy ; 670, Manufactures. 

693 MiiNonry. 

R.iker, 1 (), — A Treatise on Masonry ConHtmefion. loth ed, 
rewritten and enlarged. 762 pp, 244 ills. 100 tables 
5 ^1 X 9'i. Cloth. \V. 

<Iill>reth. F. P>-- Briekinyinp System. 880 jtp. 171 ills. 

SI charts and plans. <»'/j .\ 9. Cloth. Med 
Hammond, .\ — Praetienl Brick Iiiyinsr. In 6 seetions. 14th 
ed, revist'd. His. Tables. 5 x 7*A- Ch.th 12S ])p $Hb), 

VN. 

Spalding, F P, — Mjisonry Structures. 404 pp. 129 ilD. 

6x9. Cloth. $8 50. \V. 

Williams, C. C— . The De.siirn of ^Masonry Structures and 
Foundiitions. 550 pp. Hid 6 x !). $5 00. 1922. Med. 
Dams. See 627 S. 

See also 65H.2, Stone*, 691.8, Concrete; 691.37, Reinforced Con- 
crete. 
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The nnnt^erM refer to the pnR:cN. 

In the alphabetical arrantreinent, minor vrordK, as “and,” 
between," “in,” “or,” “through,” etc, arc neglected. 


See also Table of Contents, pp xxii, etc. 


A-frame— Air. 


A 

A-fviiiiip 

dijiper dredge, 5H1 j. 
grapple dredge, 581 c. 

Abrasion, 

of concrete and mortar, 1304-G, 
by streams, 57". 582, 
Absolute-permissive signaling, 99J. 
Absorption, 
by bricks, 1219. 
by concrete, 1305, 1374. 
b\ t'arlh, etc, 329. 

Abutment, Abutments, 
of arch, 817-b27. 
batter of, 619. 

luurses in — , inclination of — , 
620. 

of dams, 645. 
foundations for — , .582, 
masonry in — , 617*627. 
jiiers, 619. 

to proportion — , 617, 618 
A(( derated tests for concrete, 
1230. 1237. 

Acceleration, 334. 

ell'ecl of — on train resistainc, 
10.')<^ 1063*4. 
grade, 1076, 

gravity — , 250, OS.’i-S, 348-3.50, 
539. 

irain— , 1059, 1063. 1064 
mensureincnt of—, 1068, 
unit.s of — , conversion of, 250. 
A<<-eleroinotcr, 1068. 

Ai counting, railroad — , prescribed 
by I. C. C., 1096. 

Add. Acids, 

fumes, effect of — , on roofs, 
1381. 

in mortar, 1303, 1304, 
sulphuric — , 1303, 1304. 

Acre, Acres, 222, 233, 

-foot, equivalents of — , 23.5. 
reiiuired for railroads, 2.54. 
Adding machines, cost, 1411. 
Adhesion, 

of concrete, 1245, 1249, 1258. 
1274, 1279, 1294, 1296, 1297, 
1307, 1364. 
of glue, 1214. 
of locoiuotbres, 413. 


Adhesion, — continued, 
of mortar, 1218, 
of spikes, 801, 802. 

-unit, 1294. 

Adjustment, Adjustments, 
of aneroid, 313. 
of builders’ plumb level, 311. 
of clinometer, 311. 
of compass, 298. 
of level, 307. 
of pocket level, 310. 
of pocket sextant, 298. 
of slope instrument, 311. 
of theodolite, 296. 
of transit, 294. 

Adjutage, Adjutages, 
flow through — , 540, 

Admiralty knot, 220. 

Aerial tramway, 580 L. 

Aggregate, Aggregates, 1304, 1354. 
See also below. See also the 
kind in question, 
analysis of — , 1238. 
cinder—, 1252, 1271, 1305, 

1355, 1365. 

Cyclopean—, 1253, 1258. 1355. 
effect of — on concrete, 1271. 
grading of — , 1256, 1257. 
quartering of — , 1238. 
in reinforced concrete, 1278. 
washing of--, 1259. 

Agonic line, 301. 

Air, 320. 
brakes, 1041. 
buoyancy of — , 513. 

-chambers. 663. 
compressed — , 320, 597, 681. 
breathing of — , 320, 597. 
m diving bells, 321, 
for excavating. 580 ff. 
in foundations, 596. 
in rock drills, 681. 
compressors, 681. 

cost of — , 1410. 
density of — , 320. 
hoist, 580 ». 

-locks, 597. 
in pipes, 662. 
pressure, 320, 502. 

barometer, leveling by — , 312. 
of compressed — , 320, 597. 
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Air — Anlniiil, 


Air, — continued 
resistance, 1057. 

of automobiles, 580 q. 
signal (on trains), 1042 
in siphons, 521. 
slacking, 1217. 
valves, 662. 

ventilation, quantit> of—, re- 
quired for- -, 220 
vessel, 663. 

volumes of unit weights of — , 
242. 

weight of — , 320 
weights of unit volumes of — , 
242. 

wind, 321. See also Wind. 

Alarm, Alarms, 

highway crossing — , 902 

Alcohol, weight of — , 212 

Alioth, 285. 

Allardyce process, 1135. 

Alligation, 40. 

Alphabet, Greek — , 34. 

Alternating stresses, 465, 761. 

Alternation of ratios, 38. 

Altitude, 284. 

Alum, 

in mortar, 1303, 1339 
and soap, for water-proofing, 
1220, 1273, 1305. 

Alumina, 

in cement, 1222. 

Aluminum, 
sulphate of, 1400. 
weight of — , 212. 

American, 

Locomotive Co., 
train resistance formula, 
1059, 1063. 

Railway Association, 

rails, specifications for — , 
794. 

rail joints, 798. 

Railway Bridge & Building As- 
sociation, 
turntables, 998. 

Railway Engineering Associa- 
tion, 

curves, gauge on — , 812. 
curve nomenclature, 874. 
curve, spiral — , 967. 
cut list, 1004. 
frog number, practice, 848. 
frog specifications, 8.34 
gauge on curves, 812 
hump yards, 1002. 
illumination, 1006. 
rail specifications, 794. 
spiral curve, 967. 
switch dimensions, 838, 864 
switch-tie specifications, 843 
tie dimensions, 786. 
track specifications, 780. 


American, — continued. 

Ry. Eng. Assn, — cont’d. 
turnout dimensions, 864. 
yards, hump — , 1002. 
yard switches, 1004. 

Society of Civil Engineers, 
cement sjiecifications, 1234. 
rail sjieciiicatioiis, 794. 
Society for Testing Materials, 
rail .sfu'cijications, 794. 
tjiie of locomotive, 1051 

Amortization, 43. 

Analysis, Analyses, 
of sand, etc., 1238 

Anchor plates, in reinforced con- 
crete, 1297 

Anchorage, Anchorages, 
of suspension bridges, 770. 
wind — in bridges, 759. 

Angle, Angles, 92. 

bars, Rli — , cost of — , 1412. 
-blocks. 736. 

central — , 875. See also Sweep, 
circular measure of — , 34, 97 
complement of — , 97. 
cost of — , 1404. 
crossing — , 845 
in curves, 875, 880 
deflection — , 875, 921, 971. 

in spiral curves, 971, 
degrees in — , decimals of — , 95. 
of direction, 765, 
explement of — , 97. 
of friction, 409, 432, 433 
frog—, 829. 848, 853, 860. 
as function of ratio, 97 6. 
functions of small — , 880. 
hour — , 285. 

-iron, 353 b. 

of maximum pressure, 607. 
to measure — , 

with the hand, etc., 96. 
with the sextant, 152. 
with the tape line, 152 
with the twm-foot rule, etc, 96 
j>erjpheral — , 875, 921. 

-plate joints, 807. 
m railroad curves, 875, 880 
-sections, 353 6, 1178, 1180. 

1190, 

of slojie, 255-257. 
small — and their functions, 
880. 

steel—, 353 6, 1178, 1180, 

1190. 

test of — , 753. 
subtended by arc, 181. 
supplement of — , 97. 
switch — , 836, 853, 860. 

Angular, 

functions, 97-98. 
velocity, 351. 

Animal, Animals 

for excavating, 580 H. 
power, 580 U, 685. 
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Annuity — A xIm. 


Annuity, Annuities, 43-46. 
Antecedent, 38. 

Anthracite, 

heat from-*-, 317. 
space occupied by — . 215. 
^\oipht of—, 212, 215. 
Aiiti-coini>onent, 362. 

Anti-frictlou rollers, 417, 72.5, 751. 
Antiloparithms, 71. 


Antiinonj , 

strength of — , 1212. 
weight of — , 212. 

Anti-rosultant, 362 
Aperture, Apertures, 

flow through — , 541, 542 
Ajiothecaries’ weights and meas- 
ures, 220, 223 
Apparent .solar time, 265. 
Ai)j>roaeh, Approaches, 
velocity of — , 5.56 
Ai'ron coiive\ors, '80 o. 

Aqueduct, Aqueducts, 
flow in — , 560, 563. 

Kutter’s formula for — , 563. 
Arc, Arcs, 

am' chord, ratio of- -, 902. 
circular — , 1 79. 

center of gra^ity of — , 391. 
chords of — , 179 

large — , to draw — , 181. 
length of—. 184 
ordinates t(' 180. 


radii of-~, 180 
ratio of— to ladiu.s, 97 
rectification of — . 184. 
ri.se of — , 180 
tables of — , 183, 185. 
time equivalents of — , 265, 
290. 


elliptic 190 
graduated—, 292. 
parnbolii — , 1 92 
seini-ellipti( — , 190 
Anh, Arches, 424, 430, 613, 740, 
abutmeni.s of — , 617 
bnek— 629, 632. 
bridges, 613 
centers for—. 631 
eon Crete — , cost of — , 1378. 
elhptK — , 616 

joint ill- -, to draw—, 189 
keystone of — , 613, 615. 
lines of pressure in — , etc, 430. 
mechanics of — , 424, 430, 432 
moments in — , 424. 
pressure in — , 430, 614. 
pressure in — , line of — , 430. 
radius of — , to find — , 
resistance in---, line of — , 430, 
roofs, 740, 742. 
rnhhle— -, 616 
settlement of—, 432 
statics of — , 430, 432. 


Arch, Arches — continued 
-stones, 613. 

chamfering of — , 634 
pressure in — , 430, etc, 614. 
pressure of — on centers, 633. 
theory of — , 430, 432. 
thrust line in — , 430, 432. 
Archimedes screw, 687, 

Area, Areas, 
of a circle, 

to find — , 161 
tables of—, 163-178 
contraction of- in tensile tests, 
752, 7.54, 1153. 
criiipling- - of rivet, 775. 
of pipes, 526 

reduction of — , 456, 752, 754, 
1153 

section- -, 456. 

of sections of beams, 1174, etc. 
of surfaces See surface in 
question 

unit — , equivalents of—, 233. 
Arithmetic, 35. 

Arithmetical, 
com])lenu*nt, 71. 
progression, 39 
Ann, Arms, lever — , 360 
Arroba, 227. 

Artesian wells, 671. 

pumps, cost of — , 1410. 
Artificial, 
horizon, 298 

stone (eoncrote), 1252, 1361. 
Ash pits, cost of — , 1117. 

Ashlar masonry, cost of — , 601, 
602 

Asphalt, 

paving, cost of — , 1409. 
waterproofing, 1220, 1273. 
u eight of — , 212, 755. 
Assorting yard, 994. 

Atlas powder, 1397. 

Atmosphere, 32(' See also Air. 
bnoyaiKW of , 513. 
unit of yiressure, 240 
weight of — , 212, 320. 

Angers for earth and sand. 670. 

Aune, 226 

Automatic 

air brake, 1041. 
signals, 990 
stop, 991 
switch, 841. 

Automobile, Automobiles, 580 Q 
tires, 580 /. 
trucks, 580 q. 

Avoirdupois w'eight, 220. 

Axis, Axes See also the given sur 
face or solid, 
of buoyancy, 514. 
of equilibrium, 514. 
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Axis, Axes — continued 
of flotation, 514. 
neutral — , 466. 
of symmetry;, 514, 

Axle, Axles, 

friction of — , 416, 417. 
inertia of — , 1065 
Azimuth, Azimuths, 284-290. 


B 

Back 

-digger, 580 h. 

•haul line, 580 k. 
hoe, 580 6. 

-m station, 1010. 

Backing chain, 

dipper dredge, 581 k. 
Backwater, 575. 

Bag, Bags, 

cement—, 1227, 1232, 1354. 
Baldwin Locomotive Works, 
train-resistance formula, 1059. 
Ballast, 783. See also below, 
cars, 819. 
cleaning of — , 820. 
cost of—, 819, 1112. 
cubic yards of — per mile, 784 
function of — , 780. 
oiling of — , 820, 

-plows, 819. 

railroad—, 780, 781, 783, 819, 
1112. 

cost of—, 819, 1112. 
renewal of — , 820. 
for steel ties, 790. 
tamping of — , 819. 
ties in — , 784. 
volume of — per mile, 784. 
Ballasting, 819. 

Balloon, Balloons, 
principle of — , 513. 

Balls, weight of — , 1156, 1159, 
1161, 1210. 

Baltimore truss, 694. 

Banjo signals, 983. 

Bank spuds, 581 h. 

Bar, Bars, 

iron — , weight of — , 1159, 1160. 
lattice — , weight of — , 1190. 
reinforcement — , 1296 

deformed—, 1278, 1297, 1307, 
1362. 

plain — , 1297. 
supports for — , 1299. 

See also under Reinforced 
Concrete. 

splice — , 798. See also Rail 
Joints. 

wrought iron — , weight of — , 
1159, 1160. 

Barge, Barges 

for dredging, 581 g. 

—loading dredges, 581 1. 


(—Beam, 

Bark, 

on ties, 788. 
on timber, 788. , 

Barnacles, 327. 

Barometer, 312, 320. 

cost of — , 1411. 

Barrel, Barrels, 

contents of — , 223, 224. 

cement—, .223, 1227, 1232. 
1354. 

Barrow, Barrows, 
wheel — , 

earthwork by — , 1027, 1034. 
Barschall process, 1135. 

Bascule bridges, 697. 

Base, Bases, 
wheel—, 1044, 1062. 

Batten plates, 724, 1190. 

Baume hydrometer, 211. 

Bazin formula, 552, 563. 

Beam, Beams, 

axis, neutral — , 466. 
channel—, 353 5, 1176. 
concrete — , 1264, 1274, 1283, 
etc. 

See also Concrete, beams ; and 
Reinforced concrete, beams 
continuous — , 489, 494 g, 1294. 
1295, 1368. 

deck — , gyration radius of — , 
353 5. 

deflections of — , 481, 1139, 

1369. 

loads for given — , 480. 
permissible — , 485. 
diagonal stresses in — , 494 a, 
494 e, 1293. 

end reactions in — , 439. 
equilibrium of — , 437. 
floor—, 720, 749, 1366. See 
also under Floors, 
forces acting upon-;—, 437. 
horizontal shear in — , 494 c, 

494 c. 

I—, 1174, etc. 
as columns, 353 5. 
in fireproof floors, 1176 
gyration radius of — , 353 5. 
separators for — , 1182. 
tables of — , 1174, etc. 
inclined — , 445. 
iron and steel — , 1174, etc. 
loads for—, 437, etc, 466, etc, 
476, 760, 762, 1174, etc 
within elastic limit, 482. 
for given deflection, 480. 
suddenly applied — , ^.oi, 

1139. 

maximum stresses in — , 494 a 
494 c. 

moments in — , 440, 443, 44.). 

maximum bending — , 474 
neutral axis in — , 466, 
plates as — , 493. 
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Beam'— Boom. 


Beam, Beams, — continued, 
principal stresses in — , 494 c, 
494 g. 

reactions in — , 439. 
of rectanKftlar section, 468. 
reinforced concrete — , 1283, etc. 
See also Reinforced Concrete, 
beams. 

rolled — , 1174, etc. See also 
Beams, 1 — ; Beams, chan- 
nel — , etc. 

shear in— , 446, 494 c, 494 e, 
1291. 

horizontal — , 494 c, 494 e. 
similar — , 484. 
steel—, 476, 1174, etc. 
stiffness of — , 480-486, 1139. 
stone— 416, 1216. 
strenpth of—, 460, 473, 476, 
478, 485, 1174, 1283. 
stresses in — , 474. 

diagonal — , 494 o, 494 e, 

1293. 

maximum — , 494 c, 494 e, 

1293. 

principal — , 494 c, 494 g. 
suddenly loaded — , 461, 1139. 
tnuher— , 760, 762, 764, 1139, 
etc, 1142. 

and trus.ses, comparison of — , 
689. 

of uniform strength, 486. 
vertical shear in — , 494 <j, 494 «. 
wooden—, 760, 762, 764, 1139, 
etc, 1142. 

Bearing, Bearings, 
and reverse bearings, 277. 
stresses in — , permissible — , 
762. 

in trusses, 721, 725, 750, 751, 
762 

Beaumf' hydrometer, 211, 

Bed plates, 721, 750. 

Beech wood, strength of — , 476, 
1137, 1138. 

Bell, Bells, 

diving — , pressure in — , 321, 
597. 

-joints for pipes, 660. 

Belt, Belts, 
conteyor, 580 M. 
leather — , strength of — , 1214. 
B(‘]ting, cost of- , 1408. 

Bending, 

and compression, 494, 724. 
moments, 453, 466, etc. 

maximum — , table of — , 474. 
stresses, permissible — , 762. 
tests, 752, 754, 1151, 1153. 
Bents in trestles, 1038. 

Baton, 1252, etc. See also Con- 
crete. 

Bibliography, 1420. 

Binder, cost of--, 1402. 

Biiiding. cross — , 809. 


Biquadratic units, 468. 

Birch, strength of — , 476, 1137, 
1138. 

Birmingham gauges, 1169, 1172. 
Bismuth, 212, 1212. 

Bit, Bits, 

sub-aqueous rock drilling, 581 r. 
Bitumen, weight of — , 212. 
Bituminous coal, 212, 215. 

Blade grader, 580 t. 

Blasting, 600, 1398, 1399. 
for rock dredging, 581 r. 
sub - aiiucous rock - breaking, 
581 r 

sub-aqueous rock excavation, 
581 s. 

Bled timber, strength of — , 1137. 
Block, Blocks, 
angle — , 736. 
concrete—, 1371, 1372. 
granite — , cost of — , 1402. 
head—, 843. 
heel — , 830. 
scotch—, 989. 
stop — , 837. 
system, 986. 

wood — , eost of — , 1402. 
Blocking, permissive — , 987. 
Bloom ton, 216. 

Blue prints, 1390, 
cost of--, 1412. 

Board measure, 
table of — , 269. 

Boat, canal — , 684. 

Body, Bodies, 
defined, 330. 
falling — , 348, 539. 
floating — , 513. 
rigid — , force in — , 330, 358. 
Boiler, Boilers, 
cost of — , 1409. 
incrustation of — , 327. 
iron, 1152. 

thickness of shell of — , 511. 
tubes, 1164. 

Boiling, 
point, 326. 

leveling by — , 314. 
tests for cement, 1230, 1237. 
Bollman truss, 695. 

Bolt, Bolts, 1165, etc. 
cost of — , 1404. 
expansion — , 1166. 
iron — , table of — , 1168. 
stresses in — , permissible — , 
762. 

track — , 809. 

Bond, Bonds, 

in concrete, 1245, 1249, 1258, 
1274, 1279, 1294, 1296, 

1297, 1307, 1364. 

Book, Books, 1429. 

Boom, Booms, 

crane — and derrick — , 580 D. 
dipper dredge, 681 k. 
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noom — 

Boom, Booms, — continued, 
frrapplc dredge, 581 d. 

Boring, Borings, 

augers for earth, 670, 671. 
dredging, 583 r 
test—, 582, 670. 
wells, 671. 

Borrow pit, 19.5, 196. 

Bottom-dump buckets, 579 z. 

Boulders, dredging, 581 a. 

Bowstring, 

centers, 637, 638. 
truss, 695, 699. 

Box, Boxes, 

. -drains, 627. 
journal — , 1039. 

-sextant, 297 

Boxed timber, strength of — , 1137. 

Brace, Braces, 
rail — , 806. 

Bracing, 

in bridges, 691, 710, 748, 749. 
counter—, 690, 705, 712, 721, 
738, 746. 
for dams, 502. 

Bracket, Brackets (see Canti* 
lever), 696 

Brake, Brakes, 1040. 
air — , 1041 
electric — , 1041. 

•friction, 412 
vacuum — , 1042 

Brakeman, Brakemen, 100.5. 

Branches in pipes, 661. 

Brass, 

ductility, etc, of — , 460. 
effect of mortar, etc, on — , 1304. 
effect of water on — , 327. 
expansion of — by heat, 317. 
friction of—, 411, 415 
strength of—, 476, 1212, 1213. 
tubes, seamless — , 1211. 
weight of—, 212, 1156, 1160, 
1169, 1210. 
wire, 1169 

Breathing, 

air consumed in — , 320. 

Brick, Bricks, 1218, 1219. 
arches, 629, 632. 
cost of — , 1403. 
cylinders, .sinking of — , 599. 

-dust, 1217. 
friction of — , 411. 
incrustation of — , 1221, 1249. 
-laying, 1219. 
masonry, cost of — , 1408. 
paving, cost of- — , 1409. 
strength of— 476, 1214, 1215. 
weight of—, 212, 213, 755. 

-work, 

crushing height of — , 1215. 
mortar required for — , 1243. 
in sewers, cost of — , 1409. 

Bridge, Bridges, 
arch — , 613. Soe also Arch. 


•Bronxe. 

Bridge, Bridges, — continued, 
brick — , 629, 632. 
camber of — , 726, 746. 
cantilever — , 696., 
centers for — , 631. 
clearance for — , 746. 
combiiHition — , 763. 
connections for — , 774. 
cost of — , 1108, 1111. 
cranes, 580 g. 
cros.s-sectioa of — , 746. 
design of — , 720, 74.5. 
electric railway — , 745. 
erection of — , 743, 763. 
floor, 749, 

friction rollers for — , 725, 75 i. 
gauge on — , 746 
headway on — , 746. 
highway — , 

specifications, 745. 
joints, 774. 
long-si)an — , 732. 
painting of — , 763, 764. 

-pier, 

head due to — , 575. 
protection, 763, 764 
Quebec — , column failure, 1195 
railroad — , 

cost, 1108, 1111. 
sjiecifications for — , 745 
roadways, drainage of — , 628 
specifications, 745 
stone — , 613 See also Arch 
centers for — , 631. 
suspension — , 765 
test of completed — , 753. 
trusses, 689. 

weights of—, 731, 738. 
weight of steel in — , 1109. 
wooden — , specifications for — , 
763. 

See also Arch, Beam, Girder. 
Trestle, Truss, etc. 

Bridle, Bridles, 
rods, 837. 
slings, 579 Z. 

Briggs logarithms. 70, 78, 80, efr 
Briquet, Briquets, 

cement — , 1233, 1236. 

British, 

Imperial measure, 224, 234 
rod of brickwork, 222, 1220. 
Broken, 

bubble-tube, to replace — , 296 
cross-hairs, to replace — , 296 
stone, 683, 1252, 1253, 1256, 
1305,1375 See also Rubble, 
and Aggregate, 
foundations, 583. 
voids in — , 688, 1235. 
Bronze, 

elastic limit of, etc, 460. 
jihosphor — wire, strength of-^. 
1212. 

weight of — , 212. 
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Bubble-tube, to replace- 
Bucket, Buckets, 

-chain trenchers, 580 V. 
conveyors, *680 n. 
dipper (lred{;e, 581 k. 
dumj) — , 579 z. 
for excavation, 579 z. 

Rrajiple dredse, 581 c. 

“ladder” dredpe, 581 m. 

-wheel trenchers, 580 tt. 

-A\ire, dipper dredfce, 581 j. 
Buckle-plates. 750, 1167 
BugtT. BuKpies, 
concrete — , 580 
trailers, 580 »S'. 

Builders' level, to adjust — , 311. 
BuildiiiK, Buildings, 

concrete — , cost of — , 1378 
railroad — , cost of- — , 1115, 

1118. 

specifications for — , 764 
stone, cost of — , 1403 
Bulk, increase in — 
dredging, 581 u. 

Bulldozer.s, 580 T. 

Bull- wheel, dipper dredge, 581 fc. 
Buoj ancy, 
of air. 513. 

of liijuids, 210, 513 515. 
Burkli-Ziegler formula, 575. 
Burned clay, 1217. 

ballast, 783. 

Biirnetizing, 1135. 

Burr truss, 695. 

Burrowing animals, 651. 

Bushel. 223, 224, 234 
Butt joint, 773. 

Button roi>e, 580 k. 

Buttresses, 612. 


c 

V G. S. System, 341. 

Gable, Cables, etc, 
back-haul — , 580 k. 
drag-line — , 680 k. 

.electric — , dredging, 581 1. 
hoisting — , 580 D. 
inhaiil — , .580 k. 
mooring, 581 g. 
onthaul — , 580 k. 
standing — . 580 K. 
stays, 766. 
track—, 580 K. 
traction — , 580 k. 
tramway, 580 L. 
trolley, 580 k. 
way, 580 K. 
dredging, 581 c. 
radial— , 580 L. 
slack-line, 580 k, 
tower — , 580 k. 

wire rope — , 1173, 1387, 1388 

Caisson, Caissons, 585, 
work in — , 321. 


Calcium chloride, 1246, 1275, 

1303. 

Calking, 660. 

Camber, 696, 726, 746, 

Canal, Canals, 
boats, 684. 

flow in—, 523, 560, 563. 564. 
leakage from — , 329, 561. 
traction on — , 683. 

Cantara, 227. 

Cantilever, Cantilevers, 437, 696. 
moments in — , 440, 442, 445, 
474. 

maximum — , 474. 
reactions in — , 439. 
stresses in — , 474. 
of uniform strength, 486. 

Caps for blasting, 1398, 1402. 
Capitalization, 41, 44. 

of railroad operation cost, 1092 
Capstan, Capstans, 580 j. 

Car, Cars, 1053. 

axles, inertia of — . 1065. 
Builders, Master — , gauge, 812. 
classification of — , 1004 
cost of — , 1119. 
couplers, 1042. 
droppers, 1005. 
dimensions of — , 1053 
dynamometer — , 1067. 
earthwork by — , 1031. 
friction of — , 417. 
gauge of — , 812. 
industrial ry — , 

Master — Builders' gauge, 812. 
poling of — , 1002. 
recording — , 821. 
resistance of — , 417. 
riders, 1005. 
shifting of — , 1002 
track-recording — , 821. 
weight of — , 1053. 

effect of — upon resistance, 
1060 

wheels, 1040 

coning of- -. 1061. 
inertia of — , 1064. 

Carat, 219, 220. 

Carbon, 

dioxide, in cement, 1222, 1306. 
in steel, 754, 1152. 

Carbonic acid, effect on concrete, 
1222, 1306. 

Carnegie, 

beams, channels, etc, 1174, etc. 
steel ties, 790. 

Carrier, fall-rope — , 580 k. 

Cart, Carts, 580 Q. 

earthwork by — , 1024, 1026, 

1029. 

excavating — (wheeled scrap- 
ers), 1029. 

•road, repairs of — , 1025. 
rock, removing by — , 1034. 
traction of — , 683. 


Rubble-tube — Cart. 

296. 
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rartrldR4 

Cartridge, Cartridges, 
dynamite — , 1396. 
rack-a-rock, 1397. 

Cassiopeia, 28.5. 

Cast iron, 7.54. See also under 
the artjcle in question, and un- 
der Castings. 

columns, 498 d, 1189, 1190, 

119.5, etc. 

corrosion of — , 327, 328 
elastic limit of — , 460. 
elastic modulus of — , 460 
expansion of — by heat, 317. 
friction of — , 41 1 
modulus, elastu — of — , 460 
pillars, 498 d, 1189, 1190, 119.5, 

pipes* 653, 662, 1158. 
cost of — , 1412. 
requirements of--, 1156 
salt water, effect of — on — , 327, 
594. 

Strength of — , 

compressiNe — . 1156, 1213 
shearing — , 499. 
tcmsile— , 1156, 1212. 
torsional — , 500 
transverse — , 476, 1156 
weight of. 213, 1157, 1210. 

Cast steel, 754, 1152, 1213. 
Castellano, 227. 

Castelli’s quadrant, 561. 

Casting, Castings, 

steel — , requirements for — , 754, 
1152. 

weight of — by size of pattern, 
1157. 

Catch sidings, 827 
Caterpillar, Caterpillars, 580 (!. 
tractor, 580 li. 

Cattle guards, cost of — , 1115. 
Cedar, 

strength of—, 476, 1137, 1138, 
1145. 

weight of — , 755 
Cellar floors, cost, 1409. 

Cement, Cements, 1222-1237, 1254. 
1303, 13.54 

For strength, setting, etc, per- 
taining to mortar, see also 
under Mortar. 

accelerated tests for — , 1230, 
1237. 

adulterants of — , 1226 
age of—, 1227, 1303 
analyses of — , 1225, 1234. 
bags, 1227, 1232, 1354 
barrels, 1227, 1232, 1354. 
boiling test for — , 1230, 1237. 
brand, specifications, 1354. 
brick-dust—, 1217. 1223. 
briquet, 1233, 1236. 
in bulk, 1227. 

calcium choride in — , 1246, 

1275, 1303. 


-Cement. 

Cement. — continued 

cementation index of — , 1226. 
chemistry of — , 1222, 1225 

1228, 1234, 130^. 
clay in—, 1222, 1303 
color of — , 1226. 
composition of — , 1225, 1234 
cost of—, 1375, 1403. 
deterioration of — , 1228 
effects of — on — See the ma- 
terial or agency in question, 
under Cement 

elements of — , 1222, 1225, 1234 
Erz— , 1225 

exposure of — , effect of — , 1228 
1247, 1303, 13.54 
factor, hme — of- , 1226 
lineness of—, 1226, 1232, 12.33, 
1235, 1303 

flashing of—, 1228, 1247. 
grout, 1270, 1273 
gypsum m — , 1246, 1247, 1303 
hardening of — , 1222, 1245, 

1247, 1248. 
hydraulic 

index of — , 1225 
lime, 1225 
modulu.s of — , 1225 
index of — , 

cementation — , 1226 
hydraulic — , 1225. 
ingredients of—, 1222, 122.5 
1231 

iron ore — , 1225, 

-and-iron pipe, 657 
for leaks, 1382, 1384 
lime, 

effect of — on — , 1222, 12.31, 
1244, 1245, 1304 
-factor, 1226. 
hydraulic — , 1225. 

-suliihate in — , 1246, 1247, 
1303. 

loam in — , 1303. 
magnesia in — , 12.32, 1234. 
manufacture of — , 1223. ^ 

-mix, tji>ical — , 1303. * 

modulus of — , hjdraulic- . 
1225. 

-mortar. 1222, 1243, 1304. See 
al.Ho under Mortar 
in mortar, 1243. 
natural— 1224, 1303, 1354, 
1403 

in concrete, 1254. 
needle, Vicat — , 1246. 
packages of — , 1227, 123J, 
1354. 

Portland — , 

manufacture of — , 1223. 
price of — , 1403. 
where required, 1354. 
uses of — , 1224. 
white — , 1225. 
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Cement — Chlorine. 


rcnicnt, — continued, 
properties of — , 1226, 1232. 
S<>e also the property in ques- 
tion. 

J’uzzolun— 1222, 1224. 
•quttutities of — required and 
ased, 1254, 1303. 
requirements of — , 1229, 1232, 
1234. 

restoration of — , 1228. 

-rock, 1222 
Roman — , 1223. 

Kosendale — , 1223. 
sainple.s of—, 1232, 1234 
sand, effect of-- upon — , 1249. 
settinp of-' , 1222, etc. See 
also Concrete, setting of — , 
and Mortar, setting of — . 
shipment of—, 1227, 1232, 

1354 

.silica— 1224, 1303. 

.slug--. 1222, 1224, 1245 
soundness of — See Mortar, 
soundness of — 

spentic gravity of — , 1226, 

1232, 1234 

spccilications for — . 1229, 1232, 
1234. 1352, 13,54 
American Society of Civil 
Engineer.s, 1234. 

American Society for Testing 
Materials, 1232 
Engineering Standards Com- 
mittee of Great Britain, 
1232. 

r. S. Engineer Oflicers, 1229, 
storage of—, 1228, 1247, 1354 
strength of — , See Mortar, 
stnngth of — . 

sulphuric acid in — , 1232, 

1234, 1303, 1304. 
testing maclimes for — , 1230. 
to.st.s of—, 1228, 1229, 1232, 
1234, 1248, 12.54, 1354. 
typical mix of — , 1303. 

Yicat needle for — , 1246. 

\\ eight of — , 212, 1226, etc. 
white — , 1225. 

Cementation 
index, 1226. 

Center, Centers, 
for arches, 631, 
of buoyancy, 514. 
of circle, to find — , 182. 
of force, 399. 
of gravity, 386, 
of gyration, 496. 
of moments, 361. 
of oscillation, 351. 
of percussion, 351, 
of pressure, 399, 501, 506, 514. 
for turntables, 1000. 

Centigrade thermometer, 318. 
Centigram, 228, 236, 

Centileter, 225, 235. 


Centimeter, 225, 231, 233. 
cubic — , weights, 212, 
-gram-second system, 341. 

Centistere, 225. 

Central 

angle, in railroad curves. See 
Sweep, 
forces, 354. 

Centre, Centres, See Center, Cen- 
ters. 

Centrifugal 
force, 354, 711, 758. 
pumps, cost of — , 1410, 
unloading of conveyors, 580 v. 

Centripetal force, 354. 

Chain, Chains, 
bucket conveyors, 580 n. 
co.st of — , 1406. 
in curves, 875, 
diminished—, 878. 
equivalents of — , 232, 

Gunter’s — , 22r 
hoisting — , 579 /. 
iron — , 1207. 

-pump, 687. 
in railroad curves, 875. 

dimini.shed — , 878. 

-riveting, 774 
strength of — , 1207. 
sill'—, 879, 910, 911. 

.surveying — , 274, 282. 

cost of — , 1411. 
weight of — , 1207. 

Chaining, 151, 282. 

Chalk. 212, 12i:.. 

Channel, Channels, 
flow in—, 523, 527, 529, 560, 
563, 564. 
frog—, 829. 

-and-plato columns, 1191, 
■section, 1176, 1177. 

gyration radiii.s of — , 353 h. 
steel—, 1176, 1177. 

■switch, 837 
-ties, 792 

Channeling m rock, 681, 

Characteristic, 70-79. 

Charcoal, weight of — , 212. 

Chart, Charts, 
isogonic — , U S. — , 300. 
logarithmic — , 73. 

Chats, for ballast, 783. 

Cherry wood, weight of — , 212. 

Cherts, for ballust. 783. 

Chezy formula, 528. 

Chimney, Chimneys, 
brick — , cost of — , 1408. 

Chipping hammers, cost, 1409. 

Chiseling, rock — , 
for dredging, 581 r. 

Chloride, 

calcium—, 1246. 1275, 1303. 
ainc — treatment for timber, 
787. 

Chlorine, liquid — , cost, 1400. 



1454 


INDEX. 


rartrldR4 

Cartridge, Cartridges, 
dynamite — , 1396. 
rack-a-rock, 1397. 

Cassiopeia, 28.5. 

Cast iron, 7.54. See also under 
the artjcle in question, and un- 
der Castings. 

columns, 498 d, 1189, 1190, 

119.5, etc. 

corrosion of — , 327, 328 
elastic limit of — , 460. 
elastic modulus of — , 460 
expansion of — by heat, 317. 
friction of — , 41 1 
modulus, elastu — of — , 460 
pillars, 498 d, 1189, 1190, 119.5, 

pipes* 653, 662, 1158. 
cost of — , 1412. 
requirements of--, 1156 
salt water, effect of — on — , 327, 
594. 

Strength of — , 

compressiNe — . 1156, 1213 
shearing — , 499. 
tcmsile— , 1156, 1212. 
torsional — , 500 
transverse — , 476, 1156 
weight of. 213, 1157, 1210. 

Cast steel, 754, 1152, 1213. 
Castellano, 227. 

Castelli’s quadrant, 561. 

Casting, Castings, 

steel — , requirements for — , 754, 
1152. 

weight of — by size of pattern, 
1157. 

Catch sidings, 827 
Caterpillar, Caterpillars, 580 (!. 
tractor, 580 li. 

Cattle guards, cost of — , 1115. 
Cedar, 

strength of—, 476, 1137, 1138, 
1145. 

weight of — , 755 
Cellar floors, cost, 1409. 

Cement, Cements, 1222-1237, 1254. 
1303, 13.54 

For strength, setting, etc, per- 
taining to mortar, see also 
under Mortar. 

accelerated tests for — , 1230, 
1237. 

adulterants of — , 1226 
age of—, 1227, 1303 
analyses of — , 1225, 1234. 
bags, 1227, 1232, 1354 
barrels, 1227, 1232, 1354. 
boiling test for — , 1230, 1237. 
brand, specifications, 1354. 
brick-dust—, 1217. 1223. 
briquet, 1233, 1236. 
in bulk, 1227. 

calcium choride in — , 1246, 

1275, 1303. 


-Cement. 

Cement. — continued 

cementation index of — , 1226. 
chemistry of — , 1222, 1225 

1228, 1234, 130^. 
clay in—, 1222, 1303 
color of — , 1226. 
composition of — , 1225, 1234 
cost of—, 1375, 1403. 
deterioration of — , 1228 
effects of — on — See the ma- 
terial or agency in question, 
under Cement 

elements of — , 1222, 1225, 1234 
Erz— , 1225 

exposure of — , effect of — , 1228 
1247, 1303, 13.54 
factor, hme — of- , 1226 
lineness of—, 1226, 1232, 12.33, 
1235, 1303 

flashing of—, 1228, 1247. 
grout, 1270, 1273 
gypsum m — , 1246, 1247, 1303 
hardening of — , 1222, 1245, 

1247, 1248. 
hydraulic 

index of — , 1225 
lime, 1225 
modulu.s of — , 1225 
index of — , 

cementation — , 1226 
hydraulic — , 1225. 
ingredients of—, 1222, 122.5 
1231 

iron ore — , 1225, 

-and-iron pipe, 657 
for leaks, 1382, 1384 
lime, 

effect of — on — , 1222, 12.31, 
1244, 1245, 1304 
-factor, 1226. 
hydraulic — , 1225. 

-suliihate in — , 1246, 1247, 
1303. 

loam in — , 1303. 
magnesia in — , 12.32, 1234. 
manufacture of — , 1223. ^ 

-mix, tji>ical — , 1303. * 

modulus of — , hjdraulic- . 
1225. 

-mortar. 1222, 1243, 1304. See 
al.Ho under Mortar 
in mortar, 1243. 
natural— 1224, 1303, 1354, 
1403 

in concrete, 1254. 
needle, Vicat — , 1246. 
packages of — , 1227, 123J, 
1354. 

Portland — , 

manufacture of — , 1223. 
price of — , 1403. 
where required, 1354. 
uses of — , 1224. 
white — , 1225. 
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Coal— -Colamn. 


215. 


1116, 


Coal, Coals, 

corrosive fumes from — , liOiS, 
1208 

-oil, weipht. of — , 214 
-pockets, cost of , 
space occupied by ton of- 
tar, 327, 328. 

creosote, 787. 
weight of — , 212, 21.5 
Coaling stations, cost of — 

1118. 

Cock, corporation — , 664. 

Coefficient, Coefficients, 

See also the subject in question, 
contraction — , in hydraulics, 
542. 

deflection — , 483. 
excavation, 580 j/. 
expansion — , 317, 806, 810, 

1278, 1306. 

in reinforced concrete, 1-18, 
1306. 

friction — , 408, 409 
roughness — , 523, 564, 565 
safety— See the construction 
or material in question, 
stability — , 423. 
uniformity — , 1239, 1303 
Coffer-dam, 585, 586. 

Coins, values of — , 218, 219 
Coke, weight of — , 212. 

Cold, 

effect of — , 

on concrete, 1262, 12 <0, 

1275, 1306, 1359. 
on explosives, 1394, 1396. 
on iron, 1156 
on mortar, 1220. 
on train resistance, 10.>8, 
1060. 

-rolled iron, 1212. 

-twisted lug bar, 1299. 

•working of iron and steel, liy/. 
Colinear forces, 361, 363. 

Collision (impact), 347. 

-posts, 695. 

Cologarithm, 71. 

(’olors, cost of — . 1402. 

Column, Columns, 495, etc. 
axial loading of — , 497. 
axis of — , 495 

braced — , 498 d. . 

capitals of — , shapes of-—, 
Carnegie Z-bar—, 
cast iron — , 498 d, 

1195, 1197, 1198, 1200. 
concrete — , 1280, 1281, 1306, 
1365. 

footings for — , 1282. 
forms for — , 1263. 

1281, 1282, 1302, 336o, 
1866. 


Column, Columns, — continued, 
concrete — , — continued. 

strength of — , 1306. 
connections in — , 1191. 
deflections in — , 495. 
eccentric loading of — , 495, 

498 c, 1366. 
elastic limit of — , 496. 
ends of—, arrangement of — , 
496. 

factor of safety for — , 1193, 
1194 

failure, Quebec bridge, 1202. 
fatigue of — , 496. 
footings, 1192, 1282. 
formulas for — , 497, etc, 1143. 

etc, 1193, etc, 1281. 

Gray—, 1187. 

gyration radius of — , 353 a, 

353 b, 496. 

H— , 1193. 

hooped — , 1281. 1366. 
with hinged ends, 496. 
iron — , cast — , 498 d, 1189, 

1190, 1195, 1197, 1198, 1200. 
iron and steel — , 498, 498 o, 
760, 1183-1188, 1189. 
factors of safety for — , 1193, 
1194. 

formulas for — , 1193, etc. 
rivet-slip in — , 1205. 
slenderness of — , 1190. 
tests of—, 1199-1202. 
latticing of — , stresses in—, 

1204. 

loading of — 
axial — , 491. 
eccentric — , 495, 498 c. 
masonry — , strength of — , 1215. 
neutral axis in — , 496. 

Phoenix segment — , 353 b, 1186. 
pin connections for — , 496, 

1205. 

radius of gyration in — , 353 a, 
353 b, 496. 

reinforced concrete , 1280. 

1302. 1365. 
footings for — , 1282. 
forms for — , 1263. 
formulas for — , 1281. 
hooped—, 1281, 1366. 
reinforcement of — , 1302, 1365. 
rivet-slip in- — , 1205. 
round-end — , 498 d. 
safety factors for — , 496, 1193, 
1194. 

segment — , 353 6, 1186. 
slenderness of — , 1190. 
steel and iron — , 498, 498 a, 
760, 1183-1188, 1189. 
strengths of — , 495, etc., 1143, 
etc., 1189, etc. 
and tension members, 1205. 
tests of — , 498 a, 1199-1202. 
water — , 1012, 
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Column, Columns, — continued, 
wooden— 761, 764, 3143, etc., 
1147. 

Z-bar—, 1183-1185. 

Combination, Combinations, 
bridges, 738, 763. 
dredges, 581 «. 
crossings, 846. 
and permutation, 40. 

Combined 

stresses, 494, 724. 

Commercial weight, 220. 

Common, 

denominator, 35, 36. 
divisor, 35. 
factor, 35 
fraction, 36, 37. 
logarithms, 70-91. 
measure, 35. 
multiple, 35. 

Compass. Compasses, 
to adjust — , 298. 
decimation of — , 301. 
drawing — , cost, 1412. 
ma^etic — , cost, 1411. 
variation of — , 301. 

Compensating reservoir, 653. 

Compensation, Compensations, 
for curvature, 1078. 

in yards, 1005, 
water, 653. 

Compensator, Compensators, 
in signaling, 986. 

Complement, 97, 97 b. 

Component, Components, 
force—, 362, 365, 369, 370. 
stress — , 371, 454. 
summation of — , 466. 
tangential — , 369. 

Composition, 

chemical — . See the material in 
question, 
of couples, 405. 
of forces, 362, etc. 
of ratios, 38. 

Compound, 
curves, 912. 

problems in — , 946. 
interest, 42, 43, 44. 
levers, 420. 
pipes, flow in — , 531. 
stresses, 494, 762. 

Compressed, 

air, 320, 597, 681. 

for excavating, etc, 580 H, 
gun-cotton, 1397. 

Compressibility. See the material 
in question. 

Compression, 359, 454. 

and bending, combined, 494, 
724. 

members, 721, 722, 723, 747, 
760, See also under Columns, 
and tension, 359. 

Compressive strength, 454, 1138, 
1213, 1215. 


Compressive strength, — continued. 
See also unaer the material in 
question. 

Compressor, Compressors, 
ail—, 681. 
cost of — 1410. 

Computations, dredging, 581 f. 
Computing insts, cost, 1411. 
Concentrated loads, 444, 446, 484, 
705. 

Concrete, 1252. 

For adhesion, setting and other 
properties pertaining to trwr- 
tar, see also under Mortar. 
See also under the structure 
in question. For reinforced 
concrete, see Reinforced Con- 
absorption by — , 1305, 1374. 
Crete. 

abrasion of — , 1304. 
acids, effect of — on — . 1276. 
1306. 

adhesion of—, 1245, 1249, 

1258, 1274, 1279, 1294, 

1296, 1297, 1307, 1364. 
age of — , effect of — on — , 
1248, 1305. 

aggregate for — , 1252, 1304, 

1305, 1354. See also under 
Aggregates. 

air, effect of — on — , 1306. 
alkali, effect of — on — , 1276. 
arches, cost of — , 1378. 
asphalt, for waterproofing — , 
1273. 

beam, beams, 

continuous — , 1294, 1295, 

1368. 

diagonal Btres.seB in — , 1293. 
forms for — , 1262-1268. 
maximum stresses in — , 1293. 
reinforced — , 1283, 1366. 

See also Beams, reinforced 
concrete — . 
shear in — , 1291. 
shear reinforcement for — , 

1292, 1294, 1296. 

specifications for — , 1366 
strength of — , 1283. 
stresses in — , 1283, 1293. 
diagonal — , 1293. 
maximum — , 1293. 
behavior of — , 1305. 
blocks, 1371, 1372. 
bond in—, 1258, 1279, 1307 
broken stone for — , 1252, 1253, 
1256, 1305, 1375. 

See also under Aggregate, 
buggies, 580 Q. 
building blocks, 1371, 1872 
buildings, cost of — , 1878. 
burning of — , effect on — , 1270, 

1306. 

carbonic acid, effect of — on » 
1306. 
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Concrete— Concrete. 

Concrete, — contin\ied. I Concrete, — continued. 


cement for — , 1222, 1254, See 
also undQr Cement, 
chemical properties of — , 1276. 
churning of — , 1357. 
cinder— 1252, 1271, 1305, 

1355, 1365. 

clay in— 1222, 1245, 1252, 
1303, 1354. 

coefficient, expansion — of — , 
1278, 1306. 

cold, effect of — on — , 1262, 
1270, 1275, 1306, 1359. 
coloring of — , 1271. 
columns, 1280, 1281, 1306, 

1365. See also Columns, 
concrete — , and Columns, re- 
inforced concrete — . 
compacting of — , 1268, 1305, 
1357, 1358, 1378. 
compressive strength of — , 
1274, 1361. 

conductivity of — , thermal — , 

1306. 

consistency of — , 1258, 1262, 
1355 

continuous beams of — , 1294, 
1295, 1368. 
contraction of — , 1247. 
coping, specifications for — 
1360. 

cost of — , 1375, 
cracks in — , 1276. 
crusher dust, as aggregate for 
— , 1244, 1354 

Cyclopean — , 1253 1258, 1355 
dehydration of — , 1276 
density of— 1256, 1257. 1305. 
depositing of — , 1261, 1305, 
1357, 1358. See also Con- 
crete, placing of — . 
dry—, 1258, 1262, 1355 
cost of — , 1378. 
ductility of—, 1279, 1305. 
dumping of — , 1261. See also 
under Concrete, placing of — 
durability of — , 1305 
elastic limit of — , 1306. 
elastic modulus of — , 1274, 

1278, 1279, 1306, 1362. 
electrolysis of — , 1276, 1306, 

1307. 

expanded metal for — , 1300. 
expansion of — , 1247, 1276, 

1278, 1305, 1306. 
expansion coefficient of — , 1278, 
1306. 

experiments on — , 1303. 
fatigue of — , 1306, 
finish of—, 1270, 1305, 1360, 
1378. 

cost of — , 1378. 
fire, effect of — on — , 1276, 
1306, 1307. 


floors, 1264, 1266, 1366. 
flow of — , 1305. 
forms for—, 1262, 1305, 1357 
See also Forms, concrete — . 
foundations, leveling of — , 
1254. 

freezing of— 1262, 1270, 1275, 
1306, 1359. 

calcium chloride, to prevent 
— , 1275. 

forms, removal of — , 1359. 
protection against — , 1275 
friction of — , 1307. 
frost, effect of — on. See Con- 
crete, freezing of — . 
frozen—, removal of — , 1359. 
gases, effect of — on — , 1276. 
girders, 1264. See also Floors, 
concrete — ; Beams, cone. — . 
grading of — , 1256, 1257. 
gravel for—, 1252, 1304, 1305. 
grouting of — , 1270, 1273. 
handling and mixing of — , 
1258. 

heat, effect of — on — , 1274, 
1275, 1276, 1306. 
impermeability of — , 1256, 

1271, 1304, 1306, 1360, 

1361. 

ingredients of — , 1258. See 
also below and under the 
material in question, 
handling of — , 1258. 
heating of — , 1275. 
measurement of — , 1259 

1261, 1355. 
required, 1255. 
storage of — , 1259, 
insi^ction of — , cost of — , 1378. 
in iron cyinders, expansion of 
— , 1276. 

joints in—, 1267, 1273, 1276, 
1358. 

laitance, 1245, 1250, 1305. 
large stones in — , 1253, 1258, 
1355. 

law of powers in — , 1306, 
layers in — , 1262, 1358. 
for leveling foundations, 1254. 
lifting—, 1260. 
limit of — , elastic — , 1306. 
loads on — , allowable — , speci- 
fications, 1361. 
loam in — , 1252. 
manipulation of — , specifications 
for — , 1357. See also Con- 
crete, placing of — ; Concrete, 
mixing of—; Concrete, han- 
dling of — . 
masonry, cost, 1408. 
and masonry in combination, 
1254. 

mass — , cost of — , 1878. 


07 
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Column, Columns, — continued, 
wooden— 761, 764, 3143, etc., 
1147. 

Z-bar—, 1183-1185. 

Combination, Combinations, 
bridges, 738, 763. 
dredges, 581 «. 
crossings, 846. 
and permutation, 40. 

Combined 

stresses, 494, 724. 

Commercial weight, 220. 

Common, 

denominator, 35, 36. 
divisor, 35. 
factor, 35 
fraction, 36, 37. 
logarithms, 70-91. 
measure, 35. 
multiple, 35. 

Compass. Compasses, 
to adjust — , 298. 
decimation of — , 301. 
drawing — , cost, 1412. 
ma^etic — , cost, 1411. 
variation of — , 301. 

Compensating reservoir, 653. 

Compensation, Compensations, 
for curvature, 1078. 

in yards, 1005, 
water, 653. 

Compensator, Compensators, 
in signaling, 986. 

Complement, 97, 97 b. 

Component, Components, 
force—, 362, 365, 369, 370. 
stress — , 371, 454. 
summation of — , 466. 
tangential — , 369. 

Composition, 

chemical — . See the material in 
question, 
of couples, 405. 
of forces, 362, etc. 
of ratios, 38. 

Compound, 
curves, 912. 

problems in — , 946. 
interest, 42, 43, 44. 
levers, 420. 
pipes, flow in — , 531. 
stresses, 494, 762. 

Compressed, 

air, 320, 597, 681. 

for excavating, etc, 580 H, 
gun-cotton, 1397. 

Compressibility. See the material 
in question. 

Compression, 359, 454. 

and bending, combined, 494, 
724. 

members, 721, 722, 723, 747, 
760, See also under Columns, 
and tension, 359. 

Compressive strength, 454, 1138, 
1213, 1215. 


Compressive strength, — continued. 
See also unaer the material in 
question. 

Compressor, Compressors, 
ail—, 681. 
cost of — 1410. 

Computations, dredging, 581 f. 
Computing insts, cost, 1411. 
Concentrated loads, 444, 446, 484, 
705. 

Concrete, 1252. 

For adhesion, setting and other 
properties pertaining to trwr- 
tar, see also under Mortar. 
See also under the structure 
in question. For reinforced 
concrete, see Reinforced Con- 
absorption by — , 1305, 1374. 
Crete. 

abrasion of — , 1304. 
acids, effect of — on — . 1276. 
1306. 

adhesion of—, 1245, 1249, 

1258, 1274, 1279, 1294, 

1296, 1297, 1307, 1364. 
age of — , effect of — on — , 
1248, 1305. 

aggregate for — , 1252, 1304, 

1305, 1354. See also under 
Aggregates. 

air, effect of — on — , 1306. 
alkali, effect of — on — , 1276. 
arches, cost of — , 1378. 
asphalt, for waterproofing — , 
1273. 

beam, beams, 

continuous — , 1294, 1295, 

1368. 

diagonal Btres.seB in — , 1293. 
forms for — , 1262-1268. 
maximum stresses in — , 1293. 
reinforced — , 1283, 1366. 

See also Beams, reinforced 
concrete — . 
shear in — , 1291. 
shear reinforcement for — , 

1292, 1294, 1296. 

specifications for — , 1366 
strength of — , 1283. 
stresses in — , 1283, 1293. 
diagonal — , 1293. 
maximum — , 1293. 
behavior of — , 1305. 
blocks, 1371, 1372. 
bond in—, 1258, 1279, 1307 
broken stone for — , 1252, 1253, 
1256, 1305, 1375. 

See also under Aggregate, 
buggies, 580 Q. 
building blocks, 1371, 1872 
buildings, cost of — , 1878. 
burning of — , effect on — , 1270, 

1306. 

carbonic acid, effect of — on » 
1306. 
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Concrete-— Conveyor. 


Concrete, — continued, 
strength of — continued 

shearing — , 1274, 1306, 1341, 
1301. . 

tensile — , 1274, 1306. 
torsional — , 1306, 1341. 
transverse — , 1274, 1306. 
stress and stretch of — , 1306. 
stresses in — , allowable — , 

specfns, 1361. 
stretch of — , 1279. 
subaqueous use of — , 1268 
sunshine, effect of — on — , 1306 
superintendence of — work, cost 
of—. 1378 

.surface finish for — , 1270, 1305, 


1360. 

cost of — , 1378 

teniiierature, effect of — on, 
1262, 1274, 1275, 1276. 

1306. 

tensile strength of — , 1274, 

1306. 

tests of—, 1277, 1368. 
thawing of — , 1275. 
thermal conductivity of — , 1306. 
lies for railroads, 792. 
tooling of — , 1270 
tor.sional strength of — , 1270 
transi>ortation of — , cost of—, 
1376 

transverse strength of — 1274. 
irernie, depositing by — , 1268. 
voids in — , 1256, 1305. 

\olume of — , 1256, 1305. 

excess of — required, 1256. 
walls, forms for — , 1264. 

retaining — , cost of — , 1378. 
washing of — , cost of — , 1378, 
1378. 

in water, 1250, 1268, 1358. 
water, effect of — on — , 1306 
mixing — , 1258, 1304, 1355. 
pressure of — on — , effect of 
— , 1306. 
water, 

salt — , effect of — on — , 1276 
sea — , effect of — on — , 1250, 
1276, 1304, 1306. 
waterproofing of — , 1272, 1360, 
1361. See also Concrete, per- 
meability of — . 

watertightness of — , 1256, 1271, 
1306, 1360, 1361. 
weather, effect of — on — , 1359. 
weight of—, 755, 1271. 
wet — , cost of — , 1378. 
wetness of — , 1258, 1262, 1355 
See also Concrete, consistency 
wind, effect of — during mixing 
of—, 1260. 

Concretions in pipes, 655. 
Concurrent forces, 361, 364, 880 
Conductivity, thermal — , 1306 

1307. 


Conduit, Conduits. See Pipe. 
Cone, Cones, 200, 208. 

center of gravity of — , 395, 

frustum of — , 201, 395, 397. 
Coning of car wheels, 1040, 1062. 
Connecting curve, 866. 

Conoid, Conoids, 
frustum of — , 209. 
parabolic — , 209. 

Consequent, 38. 

ConsidSro hooped columns, 1281. 
Consistency, 1235, 1245, 1246, 

1304. 

normal — , 1235, 1246. 

Constant, Constants See Coeffi- 
cient, Coefficients. 

Construction, 

equipment, 579 j/. 
railroad — , 

cost of — , 1094, etc. 
statistics of — , in U. S., 1130- 
1133. 

railroads for — 
train, 814. 

Contactor, in signaling, 992. 
Continued proportion, 38. 
Continuous 

beams, 489, 494 ft, 1294, 1295, 
1368. 

bucket dredges, 581 1. 

cost of operating, 581 w, 
frogs, 833. 

•rail crossings, 847. 
rails, 810. 

Contour 
hues, 302. 

-jdauimeter, dredging, 581 u. 
Contracted vein, 541. 

Contraction, Contractions, 

of area under tensile stress, 752, 
754, 1153. 
coefficient 

in hydraulics, 542. 
by cold, 317, 806, 810, 818, 
1278, 1306 
force of — , 317. 
incomplete — , 541, 544. 
of rails, 818. 
of waterway, 623. 
work of — , 317. 

Contractor’s 

equipment, 579 y. 
plant, 579 y. 
profit, 1025. 

Controlled manual signal system, 
988. 

Conversion tables of units of 
w-eights, measures, etc, 228-253, 
Conveying 

machinery, 579 y. 

Convejor, Conveyors, 580 3f. 
apron — , 580o. 



Conveyor — Crotch. 


Conveyor, Conveyors, — continued, 
belt—, 580 M. 
bucket, 580 n. 

bucket-chain trenchers, 580 F. 

bucket-wheel trencher, 580 u. 

elevating grader, 580 V. 

flight—, 580 P. 

helicoidal, 580 P. 

package — , 580 N. 

pan — , 580 o. 

pneumatic — , r)80P. 

portable — , 5800. 

pressure — , 580 P. 

scraper — , 580 P. 

screw — , 580 P. 

.spiral—, 580 P 
vacuum — , 580 P. 

Cooper’s standard loadings, 755, 
Coping, concrete — , 1360. 

Coplanar forces, 361. 

Copper, 

compressibility, etc, of — , 460. 
cost of—, 1211, 1409. 
effect of cement, mortar, etc, on 
— , 1218, 1304. 
effect of water on — , 327. 
elastic limit, etc, of — , 460. 
expansion of — by heat, 317. 
pipes, seamless — , 1211. 
roofs, 1210. 
sheets, 1210. 

strength of — , 499, 500, 1212, 
1213. 


-sulphate, for wood, 1135. 
tubes, seamless — , 1211. 
weight of—, 212, 1156, 1160, 
1168, 1169, 1210. 

Coral, dredging, 581 a. 

Cord, Cords, 
loaded — , 428. 
mechanics of the — , 425. 
-polygon, 377, 428. 
of wood, 234. 

Core borings, dredging, 581 v. 

Cork, weight of — , 212. 

Corporation cocks or stops, 664. 

Corrosion. See agent or material 
in question. 

Corrugated, 

bars, for reinforcement, 1299. 
flooring, 1206. 
sheet iron, 1162. 

Corrugation in rails, 793. 

Cosecant, Cosecants, 97. 

Cosine, Cosines, 97, 97 a, 97 6, 98. 
logarithmic — , 72, 143 a-146 h. 
table of — , 98. 

Cost, Costs, See the article in 
question, 
conveying, 580 Y. 

Data, Gillette’s— 1098. 
dredging, 581 w. 
elements, 580 Z. 
estimates, dredging, 581 v. 
excavating, 580 T. 
price-list, 1400. 


Cotangent, Cotangents, 97, 97 b 
98 

tables of— 98-142, 143 <;-146 h 

Counterbracing, 634, 690, 705 

712, 721, 738, 746. 

Counterforts, 612. 

Couplers, car — , 1042. 

Couple, Couples, 404. 
moments of — , 406 a. 

Couplings for pipes and tubes, 65' 
1164. 

Cover plate, 723. 

Coversed sine, 97 a. 

Crab, Crabs, 
bucket, 581 e. 
dredging, 581 e. 
hoists, 580 /. 

Crane, Cranes, 580 e, 580 F. 
bridge — , 580 ff. 

-cars, 10.54. 
locomotive, 580 f. 
operation of — , 580 X. 
portal — , 580 F. 
traveling — , 580 ff. 
see al.so Derrick. 

Crawlers, 580 G. 

Creeping, 809. 
in frogs, 833. 
of rails, 809. 
steel ties reduce — , 790. 
in turnouts, 845, 

Creo-resinate process, 1135. 

Creosote, 787, 788, 1134, 1401. 
for ties, cost of — , 1112 

Creosoting, cost of — , 1402. 

Crescent truss, 695. 

Crib, Cribs, 

coffer dam, 645. 
dams, cost of — , 645. 
foundations, 584, 585. , 

Critical velocity, 415. • 

Cross, Crosses, 

-binding, 809. 

-bracing, 691, 710, 748. 
-hairs, 296, 306. 

-section area, 456. 

-section iiaper, 73, 1389. 
cost of — , 1412. 
logarithmic — , 73. 

-shaped beam, 492. 
ties, 780, 784, 815, etc. S 
also Ties, railroad — . 

Crossing, Crossings, 845. 
combination — , 846. 
cost of — , 1115. 
grade — , cost of eliminating' 
1124. 

highway — , alarms for — , 992 
railroad — , 845. 
siieciflcations for — , 847. 
ties for — , 847. 

Crossover, Crossovers, 827, 8-^ 
868. 

ties for — , timber bill, 844. 

Crotch frog, 823. 
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Crowd— Cylinder. 


Crowd 

M'oipht of — , 726, 

Crowdinp; en^iBe, 

(Irodpp, 581 fc. 
excavator, 580 A. 

Crown, Crowns, 
coin, 218. 
of roadbed, 782. 

(’nishor, Crushers, 

-dust, in mortar, 1244, 1354. 
rock and oie, cost, 1411. 
('nishaiK height of masonry, 1215. 
Cnhe, Cubes, .55, 194, 195. 

roots, 54, etc, f)6, 67. 

Cubic measure, 222, 225, 234-235. 
Culmination, 284, 287, 288 
1 iilvert, Culverts, 613, 622, 627. 

cost of--, 1111. 

Cup bars, 1299. 

Curb, Curbs, 

(ost of—, 1402 
m highway bridges, 750. 

( Ill rent met<‘rs, 562. 

uist of--, 1411. 

Curvature, 

For Railroad Curv»ture, see 
Curve, Curves, railroad — . 
of the earth, 153. 

Curve, Curves. 

See Arc, p 179; Circle, p 161; 
ellipse, p, 189, I’arabolu, p. 
192, etc 

For Rairoad Curves, see Curvo, 
Curves, railroad — , below 
elastic — , 483 

large — , to draw — , 181, 937. 
railroad — , 874-981. 

arc measurement of — , 878, 
etc 

on bridges, 712, 756 
clearance on — , 1043. 
compensation for — , 1005, 
1078 

compound — , 912, etc. 

problems in — , 946, etc. 
connecting — , 866. 
degree of—, 875, 876. ^ 
effect of — on distribution of 
live load, 712, 756 
equations for — , 890, etc 
gauge on — , 811, 812. 
geometry of— , 890, etc. 
graphic representation of — , 
876-877. 

inner and outer rails on — , 


811 . 

lead— 823. 

limiting — , 1084, 1085. 
location of — , 875, etc, 921, 
etc, 977. 

changes in — , 940. 
problems in — , 933, etc, 
937, etc. 

maintenance on — , 821. 


Curve, Curves, — continued. 
railToad — , — continued. 

measurement of — on arc, 

non-limiting — , 1084-1089. 
one-degre( — , functions of — , 
904-908. 

ordinates to — , 854, 875, 892, 
893, 930, 933, 954, 964. 
for bending rails lor — , 
816, 817. 

location of curve by — , 
930, 933, 954. 
in turnouts, 854, 
problems in — , 937. 
rails on — , 

bending of — , 815-817. 
railroad — , — continued, 
rails on — , — continued, 
inner and outer — , 811. 
laying of — , 821. 
wear of — on — , 813. 
resistance on — , 1061-1062, 

1077-1078. 
resurvey of — , 953. 
reverse — , 918. 
rolling slock on — , 1043. 
sharpness of — , 870, 877, 

878, 881, 883, 909, 953- 
955, 968, 970. 
maximum and minimum 
permissible — , 1079, 1080. 
in spiral curves, 968, 970. 
spiral — , 966, etc 
supi'Tolevation on — , 963. 
tangent to — , to draw — , 93T. 
transition — , 966, etc. 
in tunnels, 1036. 
in turnouts, 860, 868. 
turnouts from — , 854, 859, 
873 

work done on — , 1077-1078. 
tangent to — , to draw — , 937. 
in water pipes, 537. 

Curvilinear motion, 351. 

Cut, Cuts, 

cost of—, 1024-1035. 
grades in — , 1077. 

-list, 1004. 

measurement of — , 1014-1023. 
Cutter, hvdraulic dredge, 581 o. 
Cutting, Cuttings, 
diedging, 581, etc. 
level — , table of — , 1014. 
rock — , diedging, 581 r. 

Cycloid, 194, 394. 

Cyclopean concrete, 1253, 1258, 
1355. 

Cylinder, Cylinders, 196-198, 208, 
’223, 525, 526. 
iron — , concrete in — , 1276, 
pressure in — , 511. 
strengths of — , 511. 
volume of — , 197-198, 208, 223, 
525. 526. 
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Cylindrical* 

Cylindrical, 

ungula, 199, 397. 

Cyma, to draw — 191. 


D 

Dam, Dams, 400, etc, 430, etc, 
43:4, etc, 502, 576, 642. 
backwater on — , 575. 
cautions respecting — , 436. 
center of pressure against — , 
400. 

coffer—, 585-586. 
construction of — , 585, 642. 
deflection of — , 436. 
discharge over — , 547. 
head on — , 575. 

masonry — , 400, etc, 430, etc, 
433, etc. 

stability of — , 433, 508. 
stone, 400, etc, 430, etc, 433. 
timber — , 642. 
trembling in — , 648. 
walls of — , 508, 611. 
wooden — , 642, 

Dating nails, 788. 

Day, Days, 236, 265, 266. 

Dead load. Dead loads, 
for bridges, 690, 755. 
in roof trusses, 713. 
stresses due to — , graphic 

method, 703. 

Dead rails, 1003. 

Decagon, 148. 

Decagram, 226, 231, 236. 
Decaliter, 225, 235. 

Decameter, 225, 233. 

Decastere, 225, 235. 

Decay of timber, 1134. 

Decigram, 226, 231, 236. 

Deciliter, 225, 235. 

Decimal, Decimals, 37. 
of a degree, mins and secs in — , 
95. 

of a foot, inches expressed in — , 
221. 

fractions, 37. 
logarithms, 70. 
roots of — , 67. 

Decimeter, 225, 233 
Decistere, 225. 

Deck trusses, 692. 

Declination, Declinations, 
magnetic — , 301, 
of a star, etc, 284, 290. 
Deflection, Deflections, 
angle, 875, 921, etc, 971. 

in spiral curves, 971, 977. 
of arch, 436. 

of beams, 480, 483, 486, 492. 

of uniform strength, 486. 
of cantilevers, 480, 483, 486, 
of uniform strength, 486, 
coefficient. 483. 


■Diagonal. 

Deflection, — continued. 

of cross-shaped beams, 492, 
of dams, 436. 
and fiber stress, 481. 
of trusses, 718. 

Deflector, hydraulic excavator, 

580 f. 

Deformed bars in reinforced con- 
crete, 1278, 1297, 1307, 1362. 

Degree, Degrees, 

of curvature, 875, 876. 
of latitude, length of — , 220. 
of longitude, length of, — , 221. 
mins and secs in decimals of — , 
95. 

Dehydration, 1276 

Dekagram, 226, 231, 236. 

Dekaliter, 225, 235. 

Dekametcr, 225, 233. 

Dekastere, 225, 235. 

Delivery yards, 1007. 

Delta Cassiopeia, 285. 

Demagnetization of compass needle 
302. 

Demi-revetment, 612. 

Denominator, 35. 

Density, 838. 
of air, 320. 
relative — , 210, 

Departures and latitudes, 274, 
960-961. 

Departure tracks, 994. 

Depositing concrete. See Con- 
crete, placing of — . 

Depreciation, 43. 

Depth, Depths, 

of beams for a given deflection 
483. 

conversion table of — , 239. 
on dams, 554. 
effective — , 759. 
equivalent of — , in volumes pel 
surface, 250. 
flow at different — , 560. 
for a given deflection, 483. 
hydraulic mean — , 564. 
of keystone, 613. 
for iMTinissible deflection, 485 
pressures at different — , 501 
648. 

Derailing, 825-826, 988. 

Derrick, Derricks, 580 D. 
cost of — , 1410. 
guv — , 580 d. 

.stiir-leg— , 580 E. 
see also Crane. 

Detector bar, 989. 

Detrusion, 499. 

Dew-point, 321. 

Diagonal, Diagonals, 
counterbraces, 712. 
of parallelogram, 95, 157. 
stresses in beams, 494 a-e, 1^^ 
of trapezoid, etc, 158. 
in trusses, 689. 
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Diatcram- 

Diagram, Diagrams, 
of curvature, 876-877. 
for dead-load stres.ses, 703. 
influence — , 

for heamif, 449. 
for pressure distribution, 403 
for Kutter’s formula, 570. 
for live-load stre.ssos, 706. 
moment — , 44‘2, etc, 499, 4.52, 
453, 474, 479. 
moment and shear — , 449. 
of reactions, shears and mo- 
ments, 4 53. 

for shear in trusses, 702. 
truss — , 707. 
wheel — , 706. 

for Willianis-Hazen formula, 

529 a h 
Dialing, 268. 

Diameter, Diameters, 
of bolts, 1165. 
of car wheels, 1040 
of circle, 

ratio to circumference, 161, 
of pipes, 524, 1164, 1210. 
actual and nominal — , 526, 
1164. 

square roots of — , 526 
of wire, 1169-1173. 

Diamond, 
bar, 1299. 
drill, 675. 
cost of—, 1409 
tiiinout, 825, 867. 

Diesel excavating, etc, 580 H. 
Itiflerential 

drum, dipper dredge, 581 k. 
Differential hoist, 580 x. 
cost, 1410. 

Digest of specifications, 
rails, 794, etc. 

Dimensions. See the article in 
question. 

Diminished chains, 878 
Dipper, Di})i>ers, 

constellation of — , 285. 
dredges, 581 j. 

cost of operating, 581 iv. 
for excavation, 580 A . 
teeth, 580 a. 

Direction, angle of — , 765. 

Dirt ballast, 783 
Disc, Discs, 
plow', 580 s 
signals, 9H3. 

Discard, m steel rails, 795. 
Discharge, Discharges. See also 
Flow. 

through adjutages, 540. 
through channels, 560. 
through compound pipes, 531. 
through contiguous ojienings, 
542. 

over dams, 547. 
through notches, 559. 


•Doivels. 

Discharge, 1 )ischarges, — coiit. 
through orifices, 539, 546. 
pipe-line, hydr. dredge, 581 p. 
sweep, conveyors, 580 m. 
through pipes, 516, etc, 531. 
through sewers, 574 
through short tubes, 540. 
tables of — , 261-265. 
through thin partition, 541. 
units of rates of — , conversion 
of—, 243. 
over weirs, 547, etc. 
Disintegrated rock, dredging, 
.581 a. 

Disposal ()f dredged mat’l, 581 w, 
&c. 

Distance, Distances, 
external—, 875, 891, 892, 904- 
908. 

in spiral curves, 968. 
frog—, 823, 852, 853, 854, 856, 
860, 868, 873. 
polar—, 284. 

records of — , on trains, 1068. 
by .sound, 316. 
tangent—, 875, 927-928. 

Distant signals, 983. 

Distributing reservoirs, 653. 
Distribution of pressure, 400. 
Ditch, Ditches, 
definition, 580 17. 
excavation, 5H0 F. 
hjdraulic excavation, 580 v. 
railroad — , 782. 

Ditcher, 580 f7. 

Diurnal magnetic variations, 301. 
Diving, 

apparatus, cost of — , 1411. 
-bell, 321. 

Division, Divisions, 
of decimals, 37. 
of fractions, 36. 

by logarithmic chart or slide 
rule, 75. 

by logarithms, 71 
of a modified logarithm, 72. 
of ratios, 38 
Divisor, common — , 35. 

Dodecagon, 148. 

Dodecahedron, 194. 

Dollar, Dollars, 
value of — , 218. 
wmight, etc, of — , 219. 

Dome, pneumatic^ — , 665. 

Dor.soy wire, dredging, 581 e. 
Double, 
float, 561. 

-intersection truss, 694. 
reinforcement, 1295, 1367. 
riveting, 772. 
rule of three, 39. 
shear, 499, 774. 

Dowels, for screw spikes, 803, 
804. 



Draft — Barth. 


Draft, Drafts, 
gear, 1042. 
of horses, 683, 685. 
of vessels, 516. 

Drafting machines, cost of — , 
1412. 

Drag, Drags, 

'head, hydr. dredge, 581 q. 

-line, 

cable, 580 D, 580fc. 
dredging, 581 h. 
excavators, 580 c. 
scrajiers, 580 c. 
cost of dredging. 581 ic. 
scraper, 580 C, 102<). 

cost of — , 1410. 
of train on bridge, 711, 758. 

Drain, Drains, 

area drained by — , 575. 
box— 627. 
under ditches, 782. 
foundations of—, 627. 

-pipe, 575. 

Drainage 

of roadways of bridges, 628. 
sewers, 574. 
of tunnels, 1036. 
of turntables, 1000. 

Draw-bar pull, measurement of 
— , 1067, 

Draw-bridges, 696. 
cost of — , 1111 

Drawing, 

instruments, cost of — , 1412. 
materials, 1389. 
paper, cost of — , 1412. 

Drawn pipes and tubes, 1211, 

Dredge, Dredges, 581 h 
barge-loading — , 581 1. 
continuous bucket — , 5811 
dipper — , 581 
drag-line — , 581 b. 
elevator — , 581 1. 
grapple — , 581 c, 
hydraulic — , 581 n. 
ladder—, 5811. 
land — , 1032, 
maintenance, 581 w. 
scoop — , 581 ft. 
sea-ping hopjier — , 581 1. 
stationary — , 581 1. 

Dredger, see Dredge, 

Dredging, 581. 

costs, 581 w, 1408, 
rock — , 581 #. 
time lost, 581 x. 
time at work, 581 x. 

Dressing, stone — , 601. 

Drifting test, 752. 

Drill, Drills, 

boat, sub-aqueous rock excava- 
tion, 581 r. 
co.st of — , 1409. 
rock — , 600, 675. 
fcX»nd, sub aqueous rock excava- 
tion, 58] r. 


Drilling, 

artesian well — , 671. 
rock—, 600, 670, 675. 
sub - aqueous, rock - breaking, 
581 r. 

tunnel — , 1036. 

Drive, 

belt conveyor, 580 m. 
bucket conveyor, 580 u. 

Driving wheels, weights on — . 

705, etc, 765, etc. 

Drop tests, 1151. 

Drop timbers, 644. 

Drowned weirs, 554. 

Drum hoist, 580 /. 

Dry, 

drains, 627. 
measure, 223. 
rot, 1134. 

Dual tire, 580 G. 

Dualin, 1398 
Dubuat's formula, 555. 

Ducat, value of — , 218, 

Duill]! 

bucket, 579 z. 
car, 1053. 

for industrial rjs, 580 s. 
cart, .*>80 Q. 
truck, 580 If. 
wagon, 580 Q. 

Dumping of concrete. See Con- 
crete, placing of — . 
Duodecimals, 47 

Duodenal or duodenary notation, 
47. 

Duplicate ratio, 38. 

Dust, crusher — in concrete, 1244, 
1354. 

Dwarf, 

orange-peels, 580 /t. 
signals, 984. 

Dynamics, 330, 
train — , 1070, etc. 

Dynamite, 1395, 1402. 
Dynamometer cars, 1067. 

Dyne, 337, 341. 

Dyne-centimeter, 341. 


E 


E, and W. line, to run — , 277 
Earnings, railroad — in U. S., 
statistics of — , 1130-1133. 
Earth, 

augers for — , 670. 
bearing power of — , 583. 
blasting of — , 1396. 
boring of — , 670. 
curvature of — , table of — , 153- 


dredging, 581. 

excavation, cost of — , 561 8 , 
1408. 

friction of — , 612, 683. 
great circle of — , 220, 284. 
hauling of — , 1025. 
heat of — , 820. 
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Earth—- Gqaation. 


Earth, — continued. 

leakage through — , 329, 651. 
leveling of-rr. 1025. 
loosening of — , 1024. 
natural slope of — , 419, 607, 
610. 

pressure of — , 607. 
radius of — , 220. 
resistance of — , 583. 
shoveling of — , 1024. 
shrinkage of — , 1023. 
slope of — , natural — , 607, 610. 
supporting power of — , 583. 
temperature of — 320. 
weight of — , 212. 

-work. 1014-1035. 

cost of—, 1024, 1105, 1106, 
1409. 


in tunnels, 1036. 
volume of — , 1014, etc. 
Easement railroad curves, 966. 
Easer rail, 830, 846. 
East-and-west line, to run—, 277. 
Eastern elongation, 284. 

Easting, 274. 

Eccentric loads, 484, 712 
Effective size, 1239. 

Efficiency, contractor s ^ 


Efflorescence, 1221, 1249. 
Effort, traotiv — , 1044. 

industrial locomotives, 580 a. 
Elastic, 
curve, 483 

deflection of trusses, 718. 
limit, 459 

modulus, 456, 458, 460. 
ratio, 459. 
resilience, 460. 

Electric 

blasting machine, 1898. 
brakes, 1041. 
hoists, 580/. 
interlocking, 990. 
motors, inertia of — , 106.5. 


railroad, ^ 

bridges, load.s for — , <57. 
cost of — , 1129. 
signals for — , 991. 

Electricity 

in compass box, 302. 
for dredging, 581 ^ 
for excavating, 580 H. 
Electrolysis, . 

in concrete and reinforcement, 
1276, 1306, 1307. 

Elephant trunk spouts, .580 A . 
Elevated railroads, cost of , 11^4, 


Elevating 
devices, 580 h. 
graders, 580 1. 

Elevation, track — , cost of- 


1124. 


Elevator, Elevators, 
cost of — , 1410. 


Elevator, Elevators, — continued, 
dredges, 581 L 

cost' of operating, 581 w. 
of elevating grader, 580 TJ. 
material — , 580;. 

Ellipse, 188-191. 
false — , to draw — , 191. 
ordinates to — , 189. 
tangent to — , to draw — , 189. 
Ellipsoid, 209. 

Elliptic, 

arc, 189, 190. 
arch, 616. 

joints in — , to draw — , 189. 
Elm wood, 

strength of — , 476, 1137, 1138. 
weight of — , 212. 

Elongation, Elongations, 
in bridge steel, 752. 
by heat, 317. 

polar dists and azimuths of 
Polaris at — , 290. 
of Polaris, 

location of meridian by — , 


times of — , 288. 
of a star, etc, 284. 
in steel, required — , 115r., 1154, 
1155. 

of truss members, 718. 
Embankment, 1014-1035 

cost of—, 1024, 1105, 1106, 


1408. 

shrinkage of — , 1023. 
sod line on — , 782. 

End, Ends, 

post, design of — , 723. 
reactions, 360, 439, 699, 


Energy, 343. 
kinetic — , 343, 345. 
potential — , 346. 
and speed, 1070. 
of trains, 1070. 

Engine, Engines. 

continuous bucket dredges, 
581m. 

cost of — , 1410. 
crowding — , 581 fc. 
grapple dredges, 581 d. 
houses, cost of— 1116, 1118. 
for hydraulic dredge, 581 p. 
pumping — , 1012. 
wheel loads of — , 705. 
Engineers' instruments, 291-311. 
Entry head, 516. 

Equal, 

altitudes, location of meridian 
by any star , at — , 287. 
shadows from the sun, location 


Equality of ratios, 38. 
Equation, Equations, 
of payments, 42. 
of time, 265. 
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Equilaternl — Ferrule. 


Equilateral turnout, 825, 867. 
Equilibrium, 358. 

in beams and trusses, 437, 46r>, 


698. 

of couples, 405. 
of floating bodies, axis of — , 
514. 

indifferent — , 387, 514. 
in levers, 360, 419. 
of moments, 360, 419 
-polygon in trusses, 707. 
stable — , 387, 514 
unstable — , 387, 514. 
vertical of — , 514. 

Equipment, 

contractor’s, 579 y. 
railroad — , 

cost of — , 1119 
statistics of — . 1130-1133 
Equivalence of work in trusses, 

E<iuivalents (con\erMon tables), 
230, etc. 

Erection of bridges, 743, 763 
Erg. 341 
Erz-cement, 1225 
Establishment of a port, 328 
Euler's column formula, 497, 
49H a, 498 b. 

Evaporation, 329, 561. 

from mortar, 1304 
Evolution by logarithinSj^ J1 
Excavating macliinerv, 579)/. 
Excavation, Excavations, 1014- 


1035 

co.st of—, 102t. ^1408. 
grades in — , 1077. 
hydraulic — , 580 V. 
railroad — , cost of — , 


1105, 


1106 

snb-aqneous — , 581 
in tunnels, 1036 
under-vater — , 581 
volume of — , 1014. 
Excavator, Excavators, 580 s 
see also t\ ix- in quest lou. 


cost of— , 1014 
drag line, 580 c. 
ladder, 580 V. 
tower — for dredging, 5Hl c. 
Excess loads, concentrated — , 705 
Expanded metal, 1300. 

cost of — , 1404. 

Expansion, Expansions, 
bearings, 721, 725, 751. 
bolts, 1166 

coefficient, 317, 806, 810 
of concrete, 1247, 1276, 1305 
force of — , 317. 
by heat, 317. 
of rails, 818. 

-shims, 818 
Expense, Expenses, 

excavating iind conveying, 

580 r. 


Exiauisi*, Expenses, — continued. 

railroads, 1095, 1130, 1133. 
Explement, 97 
Exidoder, Exploders; 1398 
Explosive, Explosives, 1394 
cost of- — , 1402 
sub - a<iuc(iiis rock - breaking, 
581)- 

Exponential formulas, 529. 
External. Externals, 875, 891, 

802, 904-908 

distance. See External, above 
in one-degree curves, 904, 
905. 

in spiral curves, 968. 
secant, 97 a 
Extrados, 613. 

Extreme fiber stress, permissible 
— , 759 

Extremes, in ratio and proporlum, 
38 

E>e-l)ars, 721, 747. 
design of — , 722. 
full-size — , tests of — , 753 


F 


Factor, Factors, 
common — , 35. 
friction — , 531. 
hme— , 1226. 
and multiples, 35. 
roughness— ,528 
safety— . See the constructior 
or material in question 
Fahrenheit thermometer, 316 
Full-rope earners. 580 h. 

Fulling, 

liodies, 348, 539. 

False, 

ellipse, to draw — , 191. 
flanges, 830, 832. 

-works, 743. 

Fanega, 227. 

Fascines, 599. 

Fastening, Fastenings, 
cost of—, 1404. 


rail — , cost of — , 1113. 
for ties, 789 
Fathom, 220, 232 
Fatigue of materials, 405. 
Faucet in i)ipe joint, 660. 
Feet. See Foot, Feet. 
tVlling season, 788. 

Fence, Fences, 

cost of—. 1115. 11 
snow — , cost of — , 111^- 
wire — , cost of — , 1406. 
Fencing, cost of — , 1403. 
Feret, R— , sand analysis, 
Ferris-Pitot meter, 536. 
Ferrule for water pijw, 664 
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F iber~-Por4‘e. 


Fibor, Fibers, 
reactions, 466. 

stress, 466, 467, etc, 481, 759. 
and beam deflection, 481. 
pormissiblb — , 759. 

Fifth powers and roots, 67-69. 
Fifture, Figures, 148. 
areas of — , 160. 
to enlarge — , 160. 
iriegiilar — , to find area of — , 
160 

similar — , 464. 

I'lller, Fillers, 
cost of — (paints), 1402. 
in pm joints, 725. 

Filling, spandrel — , 613. 

Filtration, rate of — , equivalents 
of—, 229, 252 

Fineness. Wee Cement, Sand, etc. 
Finish, hard — , 1379. 

Fink truss, 695. 

Fir wood, strength of — , 1137, etc. 
I ire, Fires, 

effect of — on concrete, 1276, 
1306. 

heat of — , 317. 

■hjdrant, 669 
(OM of 1416. 
prevention of — , 788. 

-proof floors, 1176. 

-proof work; reinforced concrete 
m— , 1364. 

-proofing, cost of — , 1400. 
■pri.tection, \\ater for — , 650. 
temperature of — , 317. 

Firing of blasts, 1398. 

Fish plates, 798. 

Filling, FUlmgs, 
derru k — , 580 d. 
pil»e— 656, 1164. 

Flagging, 
cost of- -, 1402. 
strength of — , 476. 

Flange, Flanges, 1040. 

false—, 830, 832. 

Flangers, 1055. 

Flangeways, 822, 829, 831, 834. 
Flashing of cement, 1228, 1247. 
Flat shifting, 1002. 

1 b'ctiiig spud, 581 k, 
f’loxible joints for pipes, 661. 

Flight conveyors, 5H0P. 

1 lout, Floats, 560, 561. 

side — , dredging, 581 h. 

Floating, 
bodies, 513. 

Flood, Floods, 
prediction of — , 580 X. 

Hock dredging, 581 8. 

Floor, Floors, 
beams, 720, 749. 

connections for — , 730. 
bridge — , 720, 749. 
concrete — , 1366. 
forms for — , 1264, 1266. 


Floor, Floors, — continued, 
concrete — , — continued, 
reinforced — , 1366. 
corrugated—, 1206. 
fire-proof—, 1176. 
glass — , 1385. 
loads on — , 726. 
reinforced concrete — , 1366. 
sections, rolled — , 1206. 
systems of bridges 720, 749 
trough—, 750, 1206. 
for turntables, 1000. 
wooden — m bridges, 750. 
Z-bar— 1206. 

Florin, 218. 

Flotation, 513. 

Flow, 

through adjutages, 540. 
in channels, 560 
m compound piiies, 531. 
thru contiguous openings, 542. 
full — , 540. 

Kutter’s formula for — , 623 
563, 564. 

okstructions to — , 537, 576. 

through orifices, 539, 546. 

in pipes, 516. 

in sewers, 574. 

through short tubes, 540. 

steady — , 527 

m streams, 560. 

in syphon, 520. 

theory of — , 527. 

through thin partition, 541. 

in trough, 544. 

over weirs, 549. 

Fluid, Fluids See also Liquid, 
friction of — , 415, 523, 524. 
627. 

factor of — , 530, 531. 

Flux, co.st of—, 1402. 

Fly-wheels, centrifugal force in — . 
355. 

Follower, in pile-driving, 594. 

Foot, Feet, 

cubic — , equivalents of — , 222, 
234. 

of substances, weight of — . 
212. 

equivalents of — , 232. 

•guards, 830, 834. 
inches in decimals of — , 221, 
of mercury, pressure of — , 
equivalents of — , 241, 
per mile, equivalents of — , 237. 
per second, equivalents of — . 
242. 

•pound, 237, 341. 

Footings for columns, 1192, 1282. 
Force, Forces, 330, 332, 358. 
acting upon beams and trusses, 
437. 

acting upon trains, 1056. 
application of — , point of — . 
338. 



Force— Friction. 


Force, Forces, — continued, 
applied and imparted — , 372. 
center of — , 399, 506, 514. 
centrifugal — , 3 '>4. 

on bridges, 758. 
centripetal — , 354. 
classification of — , 361. 
colinear — , 363. 
component — , 362. 
composition of — , 362, 364. 
concurrent — , 364. 
coplan ar — , 364. 
definition of — , 332. 
of expansion, 317. 
on inclined planes, 349. 
internal — in beams, 466, 494 a. 
lateral — in trains, measure- 
ment of — , 1068. 
as linear rate of work, 341. 
living — , 343. 
measure of — , 338. 
parallel — , 382. 
couples, 404. 
resultant of — , 399. 
parallelogram of — , 364. 
parallelepiped of — , 380. 
point of application of — , 333. 
polygon of — , 374, 377. 
resolution of — , 362, 864. 
resultant of — , 362. 
in rigid bodies, 330, 358. 
tractive — , 1070. See also 

Traction. 

and grade length, 1076. 
measurement of — , 1067. 
on trains, 1056. 
transmission of — , 358. 
triangle of — , 367. 
units of — , 358. 

conversion of — , 235. 
and work, relation between — , 
341. 

Forcite, 1398. 

Foreign coins, 218. 

Forestry, 788. 

Forgings, steel — , requirements 

of—, 1152. 

Form, Forms, 

for concrete, 1262, 1305, 1357. 
See also below, 
adhesion of — , 1267. 
for beams, 1264. 
for blocks, 1371. 
for columns, 1263. 
cost of — , 1377. 
depreciation of — , 1377. 
for floors, 1264. 
for girders, 1264. 
lagging for — , 1264, 1357. 
lumber for — , 1265. 
reinforced — , 1263. 
removal of — , 1267, 1359, 
1860. 

shifting of — , cost of — , 1377. 
for sidewalks, 1370. 


Form, Forms, — continued, 
for concrete, — continued, 
for slabs, 1264. 
strength of — , 1266. 
tie-rods in — , ,1357. 
for walls, 1264. 

Formula, Formulas. See the given 
problem or author. 

Forwarding yard, 994, 1005 

Foundation, Foundations, 582, etc 
for arches,. 613. 
for centers, 631. 
for culverts, 627. 
cylinders in — , 594, 596, 597, 
599, 600. 
for drams, 627. 
of fascines, 599. 
leveling of — with concrete, 
1254. 

for retaining walls, 612. 
for trestles, 1038. 
for turntables, 1000. 

Foundry cranes, 580 F. 

Four-way stop-valve, 667. 

Fourth proportional, 38. 

Fraction, Fractions, 35. 
logarithms of — , 71. 

Frame, Frames, 
unit — , 1301. 

Framing, timber — , 734. 

Franc, value of — , 218. 

Francis’s wetr formula, 550. 

Franklin Institute standard di- 
mensions of bolts, etc, 1165, 

Freezing, 326, etc, 

of concrete. See Concrete, freez- 
ing of — . 

of dynamite, 1396. 
of explosives, 1394. 
of nitro-glycerine, 1394. 
in pipes, 656, 665. 
beliind retaining walls, 604. 
in stand-pipes, 663. 
in track-tanks, prevention of — . 
1013. 


in turnouts, 845. 
of water, 326. 

Freight, 

cars, life, etc, of — , 1053. 
stations, 1006, 1115. 

cost of — , 1115. 
yards, 995, 1006. 
cost of — , 1117. 

Friction, 407. 

angle of— 409, 482, 483 
in arch, 432. 
in- dam, 433. 


aitle — , 416. 
of cars, 417, 1057. 
coefficient of — , 408. 
of earth, 612. 

■factor, 530, 531. 

fluid—, 415, 523, 524, 527, etc 


-head, 516, 528. 
on inclined planes, 360. 
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Friction— Giant . 


Friction, — continnod. 

internal — of rolling stock, 417, 
1057. 

of iron cylinders, 593. 
journal — , 416, 1057. 
kmeti( — , 409 
launching — , 415. 
longitudinal — of revolving 

shafts, 419. 
of masonry, 411, 612. 

Morin’s laws, 410. 
of piles, 593. 

of revolving .shafts, longitudinal 
— , 419. 
of rivets, 1205. 

•rollers, 417, 725, 751. 
of rolling stock, 1057. 
train — , 1057 
in walls, 608. 

Frictional stability, 409. 

Frog, Frogs, 822, 828, 830, 831, 
834. 

■angle, 829, 848, 853, 860. 
continuous — , 833 
cost of — , 1113. 
crotch — , 823. 
dimensions of — , 834, 864. 

American Railway Ass’n, 864 
•distance (“lead"), 823, 8.52, 
8.53, 8.54, 856, 860, 868, 873. 
fastenings for — , 829, 
flangeways in — , 831. 
guard rails for — , 834. 
left and right hand — , 829. 833. 
iiiovahle-pomt center — , 846, 

847. 

-number, 829, 848, 871. 

-Itoint, 823, 828. 

right and left hand — , 829, 833, 

sliding wing-rail — •, 833. 

siiecilicntions for--, 833. 

spring-rail — , 831, 833. 

vear of- — , 830. 

wing rails of — , 829. 

I'ro.st, 

in concrete, 1359, 1360. 
in turnouts, 845. 

Frustum, 

of cmie, 201 
of jiarabola, 192 
of paraboloid, 209. 
of prism, 195 
of pyramid, 201. 

’ ’ ‘!c\ and Stearns’s formula, 552. 
Fuel, Fuels, 

■stations, cost of — , 1116, 1118. 
Fiilcniin, 419. 

Full flow, 540. 

Fumes, 

acid — , effect of — on roofs, 
1381. 

coal — , effect of — on iron. 1162 
angular—, 97, 97 o, 97 6. 
of one-degree curve, 904, 905. 

.51 


Function, Functions, 

of railroad curves, 875, etc, 904 
905. 

trigonometric — , 97, 97 a, 97 6- 
Funded debt of railroads. 1121. 
Fund, sinking — , 43 
Funicular machine, 427. 

Furlong, 220, 232. 

Fusees, as signals, 982. 

Fusing points, 317. 


G 

G C. D.. 35. 

Gage, Gage.s. See Gauge, Gauges. 

Gallon, Gallons, 223, 224, 234. 

Galops Rapids, rock dredging, 
581 s 

Galvanism, effect of — on metals, 
327, 656. 

Galvanized 

iron, 1162, 1404. 
pi IK'S, 664. 

Galvanizing, 327, 1162, 1409. 

(Fiiig plow, 580 s. 

Gaiitrj’, 580 [r. 

Gard, Cards. See Guard, Guards, 

Gas. w'eight of — , 211. 

Gasket. 660, 661. 

Gasoline 

-electric, excavating, 580 H. 
for excavating. 580 H. 

Gate valves, 666 
cost of — , 1416. 

Gauge, Gauges, 

Birmingham wire — ,1169,1172. 
hook — , 548. 

cost of—, 1411. 
railroad — , 

on bridges, 746. 
on curves, 811, 812. 
in turnouts, 828, 852. 
ram — , 324. 

Stubs - . 1172 
-stuff, 1379 
wire — , 1169-1173 

Gauging of streams, 560 

Gauntlet, 824 

Gauthey’s pressure plate, 561. 

Gear, Gears, 
draft— . 1 042 

Gearing, ratio betw'een power ano 
W'eight, 420. 

Gelatine, explosive — , 1398. 

Geographical mile, 220. 

Geometrical, 
profession, 39 
similarity, 92. 

Geometry, 92. 

Giant, Giants, 
hydraulic — , 
dredging, 581 s. 
excavation, 580 V. 
powder, 1397. 
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Gill— Gi 

Gill, 223. 

Gillette, H. P. — , "Cost Data,” by 
— , 1098. 

Gin, 686. 
pole, 580 e. 

Girder, Girders. See also Beams, 
details of—, 728. 
erection of — , 743. 
plate—, 731, 747, 749 

Class, 1384. 
cost of — , 1385, 
expansion of — by heat, 317. 
friction of — , 411. 
strength of — , 476, 1214, 1215, 
1385. 

weight of — , 212 
window — , dimensions, etc, of 
— . 1384. 

Glazing, 1384. 

Globe, Globes, 204, 205. 

Glue, adhesion of — , 1214. 

Glycerine, nitro — , 1394. 

Gneiss, weight of — , 213. 

Gold, 

dredging, 581 a, 581 n. 
strength of — , 1212. 
value of — , 219 
weight of — , 213, 219. 

Goose-neck shovel, 580 h. 

Gordon’s column formula, 497. 

Grab, Grabs, 
dredging, 58] p. 
excavation, 580 ^4 , 
grapple dredge, 581 e 

Grade, Grades, 255-257. 
acceleration — , 1076. 
compensation — , 1078 
conversion of — , 237. 
cost of operation of — , 1076. 
crossings, cost of eliminating — , 
1124. 

in cuts, 1077. 
defined, 255, 256. 
effect of — on horses, 683. 
equivalent — , 1061. 
equivalents of — , 237. 
functions of — , 254. 
humps and sags, 1076. 
hydraulic — , 519, 521. 
length of — , effect of — on trac- 
tive force, 1076. 
limitations, 1077. 
limiting — , 1078, 1084. 
momentum — , 1076 
non-limiting — , 1084, 1087-1088, 
and operation cost, 1076. 
as percentage, 255. 
pusher — , 1087 

reduction of — on curves, 1005, 
1078. 

resistance of — , 688, 1060. 
of roads, 255, 683. 
sags and humps, 1076. 
of sewers, 574, 
on sidings, 1077 
tables of—. 255-257. 


avlty. 

Grade, Grades, — continued, 
traction on — , 683. 
trains on — , behavior of — , 
1074. 

in tunnels, 1036. ‘ 
on turnpikes, 255. 
and velocity, 1071. 
virtual — , 1071. 
of water pipes, 653. 
work on — ,,1075 
Grader, Graders, 580 t. 
elevating — , 580 I. 
leauing-wheel — , 580 t. 

Gradient, hydraulic — , 519, 521 
Grading, 

of aggregate for concrete, 1256 
1257. 

co.st of—, 1024, 1104, 1105. 
railroad — , cost of — , 1024, etc, 
1104, 1105 

of sand for concrete, 1238 
Grain (a weight), 220, 226, 235 
Gram or Gramme, 217, 226. 

equivalents of — , 236. 

Granite, 

as aggregate, 1305. 
beams, 1216. 

blocks, cost of — , 601, 1402. 
cost of — , 1403 
expansion of — by heat, 317. 
rubble, cost of — , 602. 
strength of—, 476, 1215, 1216 
weight of—, 212, 755. 
Granulated slag, 783. 
Granulometric analysis of sand, 
1238. 

Graphic, Graphics, 
method, applied to 
couples, 405. 
curvature, 876-877. 
curve problems, 937. 
stresses in trusses, 703, 706 
statics, 428-431, 435. 

Grapple, Grapples, 
of dredge, 581 c. 
dredges, 581 c. 

cost of operating — , 581 ir 
Gravel, 

as aggregate, 1304, 1305 
as ballast, 783. 
boring in — , 670. 
concrete, cost of — , 1378. 
in concrete, 1252, 1304, 1305 
cost of — 1375, 1378 
dredging in — , 580. 
effective size of — , 1239. 
for foundations, 582. 
natural slope of — , 610. 
quartering of — , 1238. 
screenings, 1238, 1245, 130.>. 
uniformity coeff. of — , 1239 
weight of — , 213. 

Gravity, 

acceleration of — , 250, 335-3 - 
348-350, 539. 
center of — , 386, etc. 
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Gravity— HemlNphere. 


(Iravity, — continued. I 

classification yard, 1002. 
on inclined planes, 349, ] 

line of — , 589. 
plane of — , 389. 
specific — , 210. 

Gray column, 1187. 

Great Bear, constellation, 285. 
Great circle, 220, 284. 

Greatest common divisor, 35. 
Grillage, 590. 

Gros, 226. 

Gross ton, 216. 

Grouping yards, 1005. 

(irousers, 580 (r. 

Grout, 1218, 1270, 1273. 

(I routers, 580 0 

Grubbing and clearing, cost of — , 
1104. 

Guard, Guards, 
foot—, 830, 834 
-rails, 750, 822, 823, 833, 834, 
1080. 

wheel — , 750. 

Gudgeon, 416. 

Gumbo as ballast, 783. 

(iun, Guns, 

cement — , cost of — , 1411. 
-cotton, compressed — , 1397. 
-metal, strength of — , 1212. 
-powder, 1399. 
cost of — , 1402. 
pile-driver, .591. 
weight of — (under Powder), 
214. 

Gunter’s chain, 220, 232, 282. 
Gutta percha 
pipe, 657, 
weight of — , 213. 

Guy derrick, 580 d. 

Gypsum, 

in cement, 1246, 1247, 1303. 
cost of — , 1403. 
weight of — , 213. 

Gvration, radius of — , 352, 353 a, 
353 b, 496, 1174. 


H 

n c. F., 35. 

Il-columns, 1193. 

H P. See Horse-power. 

Hair, 

cross — , to replace — , 296. 
stadia — , 293. 

Half-section, equivalents of — , 23.1. 
Hammers, cost of — , 1409.^ 
Hammerhead cranes, 580 f • 
Hammering machines, 
rock dredging, 581 r. 

Hand, Hands, 

-cars, 1055. 
hoist, 580 i, 
level, 310. 
winch, 580 J. 


Hanging hoist, 580 i. 

Hard 

finish, 1379. 

-pan. See Hardpan (below). 
Hardening of mortar, 1222, 1245, 
1247, 1248. 

Hardpan, 

dredging, 581. 

* cost of — , 581 X. 
exciivutiiig, cost, 1106, 
Hasselmann process, 1135. 

Haul, mean — , 1025. 

Hauling. 683, 685, 1025, 1029. 
Havemeyer bar, 1299. 
Hazen-\Villiam.s formula, 529. 
Head, Hoads, 

-block.?, 843 

of bolts, 1165. 

on dams, 575. 

due to obstructions, 575. 

entry — , 516 

friction — , 516, 528. 

for piles, 593 

pre.ssure — , 258, etc, 518. 

-rod, 837 

theoretical — , 539. 
towel , .580 L. 
tripod — , 292. 

velocity — , 516, 539, 1065. 
virtual—, 1070, 1071. 
of water, 2.58, etc, 516, 518, 
528, 539, 575. 
for water supply, 654. 

Heading, 1036. 

Headway in bridge, 746. 

Heat, 

of the air, 320. 
conduction of — , by air, 320. 
effect of — on concrete, 1275, 
1276, 1306. 

expansion by — , of air, 320. 
of solids, 317. 
of survey chains, 274, 283. 
of fires, 317. 
subterranean — , 320. 
thermometers, 318 
and work, units of — , 237. 
Hectare, 225, 234. 

Hectogram, 226, 236. 

Hectoliter, 225, 235. 

Hectometer, 

equivalents of — , 225, 233. 
Heel, Heels, 

-block, 830. 

-raiser, 830 
Height, 

effect of — on temperature, 320 
effect of — on weight, 336, 348 
to find — by barometer, 312. 
to find — by boiling point, 314 
to find — by trigonometry, 151 
Helicoidal conveyors, 580 P. 
Heliography, 1390. 

cost of — , 1412. 

Hemisphere, 208. 
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Hemlock — Hyperbolic. 


Hemlock, 

strenpth, 476, 499, 1138, 1145. 
weight, 213. 

Heptagon, 148. 

Hexagon, 148, l.')9 
Hickory, 

strength, 476, 1137, 1138 
weight, 213. * 

High explosives, 1394. 

High-speed brake, 1041 
Highest common factor, 35. 
Highway, Ilighw’ays, 
bridges, 745, etL. 
loads on — , 1109. 
weight of steel in — , 1109 
crossings, 
alarms, 992 

Hip 

suspender, 709, 746. 

Hogshead, 223. 

Iloi.st, Hoists, 
air — , 580 ( 
cost, 1410. 
differential — i. 

drum — , .580 J. 
electric — , 5 m) ,/. 
hand — , 580 i 
hanging — , 580 i. 
hook — , 580 ) 
inclined, 580 j. 
material — , 580 j 
pneumatK — , 580 i. 
jiower- 580,/ 
screw — , 580 i. 
spur — , 580 i 
uorm — , 580 i. 

Hoisting 

cable, 580 /), 1387, 1388. 
devices, 580 J1 
engines, cost of — . 1410, 
line, cableway. 580 k 
machinery, 579 7 /. 

co.st of—, 1410. 

T01K-, 580 H. 

cost of — -. 1406. 

.signals, 580 a:. 

Holes, 

for blasting, 600 
boring — in earth, 670 
boring — in rock, 600, 670, 675. 
Hollow tile, cost of , 110'*. 

Home 

signals, 983. 

Homogeneity, 
tests for — , 1151 
Homologous lines in beams, 484. 
Hook, Hooks, 
gauge, 548. 

cost of — , Mil. 
hoist, 580 i. 
hoisting — , 579 y. 

Hooped columns, 1281, 1366. 
Hopper 

bottom cars. 1053. 
dredges, 


HopiK'r, — continued, 
dredges, — continued 

sea-going—, 581 I, 581 g. 
Horizon, artificial — ," 298. 
Horizontal 

bracing, 691, 710, 748. 
crowd shovel. 580 li 
loads in trusses, 710. 
shear, 478, 494 c, 494 c 
in beams, *478. 

Horse, Horses, 

draw 11 -scrapers, 580 r, 1029* 
1031. 

as )>ower, 580 77 
power of — , 683, 1012. 

-pow'er, 342, 685 

equivalents of---^, 244. 

-hour, equivalents of — , 237. 
metric — , 245. 
pumping, day's work, 1012 
weight, 685. 
winches, 580 J. 

Hose, cost of-—, 1415. 

Hour, Hours, 

-angle, 285 
defined, 265. 
equivalents of — , 236. 

Howe trn.ss, 692, 736, 738. 

cost, nil. 

Hump, Humps, 

classification yard, 1002. 
and sag.s, 1076. 

Hundredweight, 216, 220. 
Hydrant, Hydrants, 
fire — (fire-plug), 669. 
cost of — , 1416. 

Hydraulic, Hydraulics, 516 See 
alao Water, Flow, V\‘locity, Dis- 
charge, etc 

cement See Cement 
dredges, cost of op’g, 581 w. 
excavation, .580 V. 
giant, 

dredging, 581 k. 
e\ca\uting, 580 I', 
grade line, 519, 521. 
index, 1225 
jack, ‘580 /( 
lime, 1225. 

mean depth, 523, 564. 
modulus, 1225. 
radius, 523, 564. 
ram, 578 

cost of — , 1410. 

Siipjilies, co.st of — , 1412, 
Hydraulicity of cement, 1222. 
Hjdraulicking, 580 V. 

Hydrogen, specific gravity, 213. 
Hydrometers, 211. 

Hydrometric pendulum, 561. 
Hydrostatic, Hydrostatics, 501. 
imradox, 501. 
press, 506. 

Hyperbolic logarithms, 72. 
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I-b^ams— Iron. 


M)oams. Sp« Beams, I — . 

Ice, 326, etc. 

adhesion to piles, 594. 
blastinp of — , 1396 
melting — , for loweruiK, 580 i. 
in stand pipes, 663. 
strength, compressive — , 1215. 
weight, 213, 326. 

Idlers." belt conveyor, 580 m. 
Icosahedron, 194. 

Illumination, 

of cross-hairs, 286 
of stake, surveying, 286 
of tracks, 1006. 
in yards, 1006 

Impact, 347. ^ 

of tjains on bridges, 711, <58. 
Imperial 

gHllon. 224, 2.;i4. 
measure, British, 224 
Impulse, 337. 

Inch, Inches, 216. 220, etc. 
circular — , 222 

cubic — , equivalents, 222, 234. 
Ill decimals of a foot, 221 
equivalents of — , 221, 232. 
per foot, equivalents of — , 237. 
of mercury (pressure), equiva- 
lents of — , 241 
miner’s — , 546 

.spherical — , equivalents of , 
222. 

square — , equivalents of — , 233 
Inclination. See Grade and 
Slope . 

of courses m masonry, oOo, 
620. 

Inclined, 

beams, 445, 485. 
hoist, 580 j. 

plane, 255-257, 349. 369, 424. 
ropes for—, 1387, 1388, 
stability on — , 424 
tables, 255-257 
velocity on — , 349 
Incomplete contraction, o44 
Increase in bulk, 
dredging. 581 u. 

Increments, chord — , 701. 
Incrustation, 
of boilers, 327 
of walls, 1221, 1219 
Indeterminate stresses, 7-0. 
Index, 

cementation — , 1226 
hydraulic — , 1225, 
in logarithms, 70. 

India rubber, weight, 213. 
Indicator, Indicators, 

for signals, 991 . . 

Indifferent equilibrnim 387, 
Industrial railway's, .>80 A. 
Incflicipncv. 580 IV- 


Inertia, 338. 
moment of — , 351, 468. 
resistance of — , 
in trams, 1063 
rotational , 1064 
Infinity, symbol for — , 33. 
Influence diagrams, 403, 449, 

702. 

Ingots, steel — , 795. 

In ha 111 cable, 580 k. 

Inspection, 

•cars, 1055, 

coutrac tor’s equipment, 580 a. 
of lies, 820 
Instability, 514. 

Instnimeiils, 

drawing—, cost of — . 1412. 
engineers’ and surveyors’ — , 
construction, adjustments, etc, 
291-311. 
cost of — , 1411, 
moving the — , 923, 
scientific, cost of — , 1411. 
surveying, cost of — , 1411. 
Interest, 40. , ^ 

during construction (K K ), 
1119. 

Interlockers, 
cost, 1118 
Interlocking, 
electric — , 990. 
mechanical — , 988. 
pneumatic — , 990. 

International, 

Bureau of Weights and Meas- 
ures, 217. 

metric screw-thread, 1165. 
Intersection, intersections, 
in railroad curves, 875. 
in trusses, 694. 

Interstate Commerce Commission, 
investments, 

classification of — , 1096. 
railroad, 

accounting prescribed by— 
1096 

statistics, 1130-3 
valuation by- — , 1095. 
Interval, Intervals, 
train — , 986. 

Intervohed tracks, 824. 

Intrados, 613. 

Inverse proportion, -19. 

Inversion nf ratios, 38 
Investment, 

classification of , 1096, 
Involution, 54-69. 

by logarithms, 71. 

Iron. 

See also under article or strm 
ture in question. See ah 

baUs, weight, 1156, 1157, 1151 
1161, 1210. 

bars, weight, 1159. 1160. 
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Iron, — continued, 
bending tests, llTiS. 
blasting of — , 1396. 
bolts, 1165, 1168. 
cast — . See Cast iron, 

castings, weight of — , 1157 
cement, effect of — on — , 1278, 
1304, 1307. 

and cement pipes, 657. 
chains, 1207. 

cold, effect of — , on — , 274, 

1156. 

cold-rolled~, 1212 
columns. See Columns, iron 
and steel — 

compressive strength, 1213 
concrete, effect of-~ on — , 1278, 
1306. 

contraction of — by cold, 271 
corrosion of — , 327, 32S, 1 1 (>2, 
1218. 

by coal fumes, 1162 
in mortar, 1218. 
in water, 327, 328. 1218. 
corrugated sheet — , 1102 
cost of — , 1404, 
crushing strength of — , 1213. 
cylinders, 

biirsting pressure in — , 511, 
512. 

in foundations, etc, 593-598. 
ductility of — , 460. 
effects of materials, etc, on--. 
See the material, etc. in fines- 
tion, under Iron, 
elastic, 

limit, 460, 1152, 1154, 1156. 
modulus, 460 

expansion of — by heat, 274, 
317. 

forged — . See Wrought iron 
friction of — , 4 1 1 
galvanized — , 327, 1162 
hammered. See Wrought iron 
heat, effect of — on — ,^274, 317. 
incrustation of — , 327 
limit, elastic — , 460, 1152, 1154, 
1156. 

malleable cast—, strength, 
1156. 

manufacture, 1150 
modulus, elastic — , 460, 1156, 
1278. 

mortar, effect of — on — , 1278, 
1304, 1307. 
net — , 774. 

-ore cement, 1225. 
paints for preserving — , 763, 

1383 

piles, 594 

pillars. See Columns, iron — . 
pipes. See Pijies, iron — , 
Pipes, cast iron — and Pipes, 
wrought iron — . 


Iron, — continued, 
plates, 

weight of—, 1159, 1161. 
porosity of — , 512* 
preservation of — , 327, 1218. 
prices, 1403. 

protection of—, 327, 1218. 
re-rolled — , 1212 
rolled — See Wrought iron 

roofs. See •Roofs 
rust, 327, 328, 1218 
salt water, effect of — on — , 
327, 594. 

shearing strength of — , 499. 
sheet—, 1162 
•specific gravity of — , 213. 
siK'cilif ations for — , 1150 
strength of — , 476, 499, 500, 
1 150, 1152, 1156, 1189, 

1212, 1213 See also Iron, 
tensile, etc 
strt'tch of — , 460 
T— , 353 b, 1180. 
fen.sile strength, 1212. 
te.sts. 1153, 1 154, 1156. 
torsional .strength, 500. 
trnii.s\erse strength, 476, 1156 
tubes, 1164 

water, effect of — on — , 327, 
594. 

weight, 213, 755, 1157-1164, 

1210 

wire, 1173. 

rope, 1387, 1388. 

•wood (Canadian), strength, 
476. 

wTought. See Wrought iron, 
requirements, 805. 

Isogonic chart and lines, 300, 301 


J 

Jack, .Turks, 580 ft. 

suiid — , 580 /. 

Jaw-plate, 724. 

Jet 

water — , hydraulic dredge, 

581 q 

pile driving, 595. 

Jib cranes, 580 F. 

Jnmiwink, 580 e. 

John.son, J. B — , 

column formula, 498-498 & 
1197, 1199, 1146. 

Johnson, T. H. — , 

column formula, 498 &, 114J'4. 
1148, 1199, 1200. 

Joint, Joints, 

in arche.s, 190, 629, 
bell — for pipes, 660. 
in bridges, 724. 
butt—, 773. ^ ^ 

in chimneys, etc, cement lor— . 
1382, 1384. 
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Joint-^LayinK. 


Joint, Joints, — continued. 

in concrete work, 1267, 1273, 
1276, 1358. 

dislrihutiov of pressure in — , 
400. 

end — , in roof trusses, 733. 
flexible — for pipe, 661. 
functions of rail — , 780. 

773, 778. 

masonry — , distribution of, pres- 
sure in — , 400. 
inelinution of — , 603, 620. 
lead in~, 634, 1212, 1213. 
net — , 774. 
pin — , 747. 
jun and riveted — , 721 
for pipes, 656, 660, 1164 
pressures in — , 

distribution of — , 400. 
raU— , 780, 818. 

cost of—, 1113, 1114, 1412. 
function of — , 780. 
riveted, 721, 749, 759, 772. 
in roofs, 733, 1208, 1382. 
timber — , 734. 
togfflc — , 427. 

Jointfi's, pipe-—, cost of — , 1409. 

Joule, 341. 

eciuivalents of — , 237. 
per second, 
equivalents of — , 245. 

^Journal, Journals, 1039. 

•friction, 416. 
friction — , 1057. 

J umpcr, 
drill, 600. 


K 

Kahn truss bar, 1301. 

K'eystoni', 613, 614, 615. 
Kieselpuhr, 1395. 

Kilogram, 

■centigrade, equivalents of — , 
237. 

equivalents of — , 236. 
Kilognimmeter, equivalents of- , 
237 

per second, equivalents of- 
245. 

Kiloliter, 225, 235. 

Kilometer, 

equivalents of — , 225, 233. 

]ier lionr, etc, equivalents of — , 
243. 

Kilowatt, equivalents of — , 245. 
Kinetic 

energy, 343, 34.5 
friction, 407, 409. 

King, 

truss, 691. 

Knife-edge, strength, 1213. 

Knot (nautical), 220. 

Kutter’s formula, 523, 564, 
Kyanizing, 1135. 


L 


L. C. D., 35. 

L, C. M , 35. 

Labor, cost of — , 1418. 

Lacing, 722. 

Ladder, Ladders, 824, 871. 

of continuous bucket dredges, 
581 1. 

dredges, 581 1. 
excavators, 580 T. 
hydraulic dredge, 581 ?i. 
tracks. 1005. 

Lagging, 

for centers, 631, 639. 
for concrete forms, 1264, 1357. 
Laitance, 1245, 1250, 1305. 
Lamp, Lamps, 
switch — , 840. 

Lam]iblack, cost of — , 1402, 

Land, 

measure, 222, 225, 233. 
required for railroads, 254. 
section of — , area of — , 222, 
233. 


•surveying, 274. 

-ties, 612. 

Lap 

joint, 773, 778. 
siding, 828. 

-welded 

boiler tubes, 1164. 

]>ipe, 656, 1164. 

Lard, 

as a lubricant, 415. 
weight, 213. 

Lateral 

bracing, 691, 720. 
forces in trains, 

measurement of — , 1068. 
bracing, 

in timber trusses, 737. 
turnout, 866. 

Lath, Laths, 1379, 1380. 
metal — , cost of~, 1404. 
rib, 1301. 
wire — , 1300. 

Lathing, 

cost of — , 1409, 

Latitude, Latitudes, 
astronomical — , 284. 
degree of — , length. 220. 
and departures, 274, 960. 
effect of — 

on barometer, 312, 314. 
on gra\ity, 336, 348. 

Lattice 

bars, 747, 1190. 

column — , stresses in — , 1204. 

truss, 694. 

Latticing, 722. 

Launching, 

friction of — , 415. 

Laying 

of bricks, 1219. 
of pipe, cost, 658. 
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Layout of plant — ^Lininff of tunnel m. 


l.ayout of plant, r»80 u\ 

Lazy -jack, 

in signaling, 986. 

Lead, Leads, pronounced Leed, 
Leeds, 823, 864. 

-curve, 823. 
rail, in turnouts, 822. 
in turnouts, 852, 853, 854, 856, 
860, 868, 873. 

Lead, pronounced Led, 
corrosion, 327, 328. 
effect of cement, mortar, etc, 
on—, 1304. 

effect of water on — , 327, 328. 
elasticity, etc, of — , 460 
expansion of — by heat, 317. 
in masonry joints, 634, 1212, 
1213. 

-paint, 1382. 

cost of—, 1402. 

-pencils, 1389. 

-pipe, 513, 1210. 
for pipe joints, 658-661. 
roofs, 1210 
sheets, 1210. 

strength of — , 1212, 1213 
ueight of— 213, 1157, 1160, 
1169, 1210. 

w'hite — cement for leaks, 1382. 
white — paint, 1382. 

Leaded tin, 1208. 

Leader, 824 
League, 220, 226. 

Leak in roof, to stop — , 1382, 
1384. 

Leakage, 329, 561, 642, 650, 6.51. 
thru brick \\alls, to prevent — , 
1220. 

Sylvester wash for — , 1220. 
Leaning-wheel grader, 580 t. 

Leap year, 
defined, 266. 
equivalents of — , 236. 

Least common, 
denominator, 35. 
multiple, 35. 

Leather, 

belting, cost of- -, 1408. 
friction of — , 415. 
strength of — , 1214. 

Legua, 227. 

Length, Lengths, 

I)er length, 

units of — , conversion of — , 
237. 

l*er time, units of — , conversion 
of—, 242. 

units of — , oonver.Mon of — , 232. 
Level, Levels, 306. 

builders’ — , to adju.st, 3J1. 
•cuttings, 1014. 
engineer’s — , 306. 
hand — , Ijocke, 310. 
note-book, form of — , 309. 
surveying — , eo'^t of — , l ilt. 
Y--, 306. 


Leveling, 

by barometer, 312. 
by boiling, 314. 

of earth on embankment, 1025. 
rods, cost of- -, 1411. 

.sciews, 292 
track, 819. 

Lever, Levers, 419. 

Leverafte, 360, 419. 

Libra, 227. 

liift bridges, 696 

Lifters, vacunm — , 579 Z. 

Lifting 

devices, 580 h. 
magnets, 579 Z. 

Light mountain transit, 
cost of—, J411, 

Ligne, 226. 

Lignum vitae, 

strength, 4 76, 1137, 
weight, 213. 

Lime, 1217. 

in cement, 1222, 1234. 
m cement mortar, 1214, 124'>. 
1304. 

co.st of--, 1403. 

effec-t of — on wood, 1218. 

•factor. 1 1 2t) 

hvdranlK — , 1225 

li\ iiochlorate of — . 

’ cost of— . 1400. 
in mortar. 1303. 

•paste, 1218. 
quick—, 1223. 

in cement mortar, 1244. 
.'-lack—. 1223. 

m cement mortar, 1244. 
-.stone See Lime stone, below 
sulphate, 1246, 1247, 1303. 
weight of — , 213. 
liimestone, 213, 1215, 1222. 
ns aggregate. 1305. 

in cement inauufa( tnre, 1222. 
crushed — , vs sand, 1303. 

.scree mil g.s, 1245 
Liinil, elastic — . 459, 460, 482 
See also the material in <im‘' 
tion. 


Limiting, 

curves, 1084. 
grades. 1078, 1084. 

Limnorm, 1134. 

Line, Lines, 92. 
of action, 355J. 
agonic — , 301. 
center of gravity of — , 391. 
contour — , 302 
hydraulic grade — , 519. 
of gravit>, 389. 


ISOgOlIK — , 301. 

-mile, defined. 1095. 
parallel — , to draw—-, 94. 
of pre.ssure, 399, 430. 
resistance — , 430, 432, 434 -'lc 
of resultants, 430, 432, eto. 
thrust—, 430, 432. 434-436. 

Lining of tunnels, 1036. 
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IJnk— 

Link, equivalents of — , 2'\2. 

Ijinseed oil, cost of — , 1402. 

Lips, shovel — , 580 a. 

Liquid, Liquids, 

See also Water 
Iniojanoy of--, 510, 514. 
compressibility of — , 020. 
flow of—, 510, 520, 524. 
friction, 415, 520, 524. 
measure, 223, 
pressure of — , 500, 518. 

transmission of--, 506. 
sjx'cific gravity of — , 211. 

Liter. 224, 225, 205. 

Lithofracteur, 1398. 

Tiittle bear, constellation, 285, 286. 
Live load. 690, 705, 709. 726, 755 
Liviiif: force, 340. 

Livre, 226. 

Load, Loads, 

on bridpes, 726, 755. 
cart — , of earth, 1024 
and chord stress, 'S, 709. 
on columns, 495, 1140, etc, 
1180, etc, 1189, etc. 
dead—, 690. 

on driving wheels, 705, etc, 755, 
etc. 

on earth, safe — , 580. 
on floors, 726. 

lor given deflection, 480, 481, 
480. 

-line, 707. 

1„,._ t,90, 705. 709, 726._ .. 

1m. oinotivi — , 705. etc. 755, etc 

moving. See Loads, live---, 

Iicninssible- - on beams, 470. ^ 

for iiet inissible deflections, 48.). 

oil piles, 592, 

on roofs. 021, 710 

on loof trusses, 710, 764 

on .),and, 582 

•stresse-,, 705, 

grni'hic method, 706. 

Mirldiiih applied — , 461, 4.s6, 

iioo! 

Mil wooden bridges, 764. 

J.M.uled 

(hain. 428. 
cord. 428. 

LojidtT. Ijoaders, 
iiiiniature — , 580 /»’ 

])ortiible 580f^ 

1 oading. Loadings, 
axial- -, columns, 495, 
eccentm — , on columns, 495, 
498 c, 1140 
standard — , 705, 755. 
standards of—, for cars, 10o5. 
of trusses, 690. 
wheel — , 

for turntables, 998. 

Loam, 

in cement, 1303. 
m concrete, 1252 
dredging, 581. 
in sand, 1303, 1354 


-Lowell*. 

Loam , — CO n ti n ued . 

test for — , 1242. 

Lobnitz rock breaker, 581 r. 

Local time, 287. 

Location, Locations, 
of curves, 875, 921. 
change.s in — , 940 
problems in — , 933. 
of the meridian, 284. 
and operation cost, 1081. 
railroad — , cost of — , 1100. 
of railroad curves, 875, 921. 
of spiral curves, 977. 

Lock, Lock.s, 
air — , 597. 
and block system, 
signaling, 988. 

gates, spacing of cross-bars, 
506. 

nut— 809, 1167. 

Locke level, 310. 
liOcking, 

automatic — , signals, 988. 
of switche.s, 989 

Locomotive, Locomotives, 1044, 
adhesion of — , 413. 
cost, 1119 
crane, 580 / 
industrial railways, 580 
mileage of — in V S, 1044. 
friction in — , 1057, 1058 
resistance of — , 1057, 1058. 
shovel, 580 /. 

stati.stios, 1047, etc, 1131-2. 
tractive effort of — , 413, 580#?, 
1044, 1070. 

water for—, 327. 1011. 
weights of — , 1044. 
wheel loads, 705, etc, 753, etc. 
l>ocust, strength, 476, 1137, 1138. 
Logarithmic 
chart, 73. 
plotting, 74. 

.sines, tangents, etc, 72, 143 a. 
trigonometric ratios, 72, 143 n 
Logarithms, 70 91 
Long 

chord, 87.5, 891, 894, 914, 915, 
933. 

in curve location, 933 
in one-degree curve, 904, 905. 
table of — , 894. 
in turnouts, 852. 853. 
measure, 220, 225, 232. 
ton, 216. 

Longitude, degree of—, length of 
— , 220, 221. 

Longitudinal and transverse 
stresses combined, 494, 724. 
Lorenz switch, 8*11. 

Lower 

chord, 

design of — in timber trusses, 
733. 

splice, 736. 
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Lower, — continued. 

culmination, 284. 

Lowering of centers, 631, etc. 
Lowest terms, 36. 

Lubricants, 415. 

Lug, Lugs, 
stop — , 837. 
bar, 1299. 

Lumber, 1402. See also Wood, 
Timber, cost, 
liunation. 266. 

Lune, Circular — , 186. 


M 

Macadam paving, cost of — , 1 109. 
Machine, Machines, 

•drill, 675. 
funicular — , 427. 
operation of excavating — , 
580 W. 

operation of hoisting — , 580 11'. 
riveting — , 775. 

-shop (railroad), 
cost, 1116, 1118 
tools, cost of — , 1409. 
Machinery, 
cost of — , 1409 
railroad shop—, 
cost, 1117, 1118. 

Magnesia, 

in cement, 1222, 1232, 1234 
in cement mortar, 1244. 
Magnets, lifting — , 579 Z. 

Magnetic 

declination, 301. 
variation, 301. 

Magneto-electric blasting, 1398 
Mahogany, 

strength. 476, 1137, 1138. 
weight, 213. 

Maintainer, road--, 580 f. 
Maintenance, 

contractor's equipment, 580 A', 
dredging, 581 v 
railroad — , 

on curves, 821. 
of way, 820. 

Malleable cast iron, strength, 1156 
Mallet locomotives, 1049, 

Man power, 686, 

Maneuvering, 

dipper dredges, 581 1. 
grapple dredges, 581 g 
hydraulic dredges, 581 p. 
“ladder” dredges, 581 m. 
sea-going hopper, 581 q. 
Manganese, 
in steel, 796, 1152. 
steel rails, 796. 

Manipulation, 
signal — , 988 

Manoeuvoring, See Maneuvering. I 
Mantissa, in logarithms, 70 I 


Manual block system, 987, 988. 

controlled — , 988. 
Manufacturers’ standard specifica- 
tions for steel, 11,54, 1155. 
Majile-wood, 

.strength, 476, 1 137 
u eight, 213. 

Marble, 
cost, 602. 

expansion ,bv beat, 317. 
strength, 476, 1215. 
weight, 213. 

Marc, 226. 

[Mark, 

(Jerman — . 218, 246, etc. 
Spanish — , 227. 

Masonry, 

in abutments, qnnntitv of — 
623. 

adhe.sion of mortar to — , 1218 
in archf'S, quantity required, 
622-628. 

comi)resM\e strength, 1215, 
and concrete. ]2‘)4 (7).- 
co.st of—, 601, 1408. 
courses, 

inclination of — , 603, 620 
lead between — , 634, 1212, 
1213 

(rushing height of — , 1215. 
dam, 433 

ela.stie limit, etc, of — , 460. 
foundations, 

loads on — , 750. 
friction of — , 411, 603, 620. 
incrustation of — , 1221, 1249. 
joints in — , distribution of pres- 
sure on — , 400. 
lead in--, 634, 1212, 1213 
limit, elastic — , 460. 
mortar required for — , 1243 
in piers, quantity required, 628 
pointing, 1249. 
quantity required, 
in arches, 622-628. 
in piers, 628. 
in retaining walls, 610. 
in walls of wells, 198. 
in wing-walls, 624. 
to render — impervious, 1220. 
in retaining walls, 603. 
strength of, 

rompressive — , 1215. 

Aveight of — , 213 
Mass, 334, 336, 338. 

Mast, derrick — , .580 D. 

Master Car Builders, 
gauge, 812 

Material, Materials See also the 
Material in que.stion. 
elevators, 580 j. 
fatigue of — , 465 
hoi.st lowers, 580 j. 

-j>article, 358 
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Mfiterial — Meter. 


Miitcrml, Materialfi, — continued. 
-])oint, 358 
Rtrentrths of — , 454. 
weights of— 210, etc. 
Mathematical symbols, 33. 
Mathematics, 33. 

Matter, defined, 330 
Maximum, 

and min stresses in truss mem- 
bers, 712. 

Itressure, 

angle, etc, of- - , (>07. 
stresses, 

111 beam.s, 491 «, 494 «. 
velocity, 560 
Mean. 

depth, hydraulic — , 523, 564 

Iniul, 1025 

liroi)ortional, 38 

radius, 523. 564 

of ratio and proportion, 38 

solar time, defined, 26.5. 

sun, 265 

velocity, 522, 527 560 
Measure, Measures, 216. 
apothecaries’, 223 
llritish— , 220, 222, 224, 234 
circular- - 
of angles, 34 
of wires, 1171, 
common — , 35. 

conversion tables of — , 228, etc 


cnbic — , 

222, 

234. 

fluid--, 

223, 

224. 

liquid — 

, 223, 

, 224. 

long — , 

220, 

232 

metric— 

217, 225, 

etc 




llussian — , 227. 

Spanish — , 227. 
square- -, 222, 233 
weights, etc, conversion tables 
of units of — , 228. 
wine — , 223 

Measuring wnurs, 547, 646. 
Itlcchnnical 

analysis of sand, etc, 1238. 
Jlechanics, 330 
of arches, 430-432. 
of beams, 437, etc, 466, etc. 
of masonry dams, 430, 433-436. 
of trains, 1070. 
of trusses, 698, etc. 
of turntables, 998 
^lelan system, 1301. 

Melting 

lee, for lowering, 580 7, 
points, 317, 
temperatures, 317. 
i'len.suration, 92-209. 

Mercury, 

barometer, 312, 320. 
foot of — , etc (pressure), equiv- 
alents of — , 241. 


Mercury,— continued, 
freezing-iioini, 318. 
thermometer, 318. 
weight of — , 213. 

Meridian, 

location of — , 284. 
of longitude, 220, 221. 
variation of compass, 296, 301. 
Metacenter, 514. 

Metal, Metals. See also Iron, and 
Steel. 

blasting of — , 1396. 
compressibility, etc, of — , 460. 
compressive strengths of — , 

1213. 

ductility, etc, of—, 460. 
effect on — , 

of cement, etc, 1218, 1278, 
1304, 1307. 
of electrolysis, 327. 
of galvanism, 327. 
of heat, 317. 
of hme, 1218, 1304. 
of mortar, 1218, 1304. 
of water, 327, 328, 594, 1218 
elastic limits, etc, of — , 460. 
expanded — , 1300. 

cost of — , 1404. 
expansion of — by heat, 317. 
incrustation of — , 327. 
lath, cost of — , 1404. 
limits of — , elastic — , 460. 
modulus of — , elastic — , 460. 
paints, cost of — , 1402 
preservation of — , 327, 1218. 

by cement, 1304 
protection of — , 327, 1218. 
requirements of — , 805 
rib—, 1300. 

shearing strengths of — . 499. 
sheet— 1162, 1163, 1169, 1208- 
1211. 

strengths of — , 476, 499, 500, 
1212, 1213 
stretch of — , 460. 
tensile strengths of — , 1213. 
railroad ties, 789. 
torsional strengths of — , 500 
transverse strengtlis of — , 476. 
w'eights of — , 210, etc. 

Meter, Meters (measure of length), 
current, cost of — , 1 4 1 1 . 
equivalents of — , 217, 225, 233, 
etc. 

Perris-Pitot — , 536. 

Pitot— 536, 561, 562. 

Venturi — , 532, etc. 
water — , 649. 
cost of — , 1412. 

Perris-Pitot, 536. 

Pitot—, 536, 561, 562. 
Venturi — , 532, etc. 
wheel — , 562. 
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Mc1rl<> — Moncrleff^H 4*olumn formiiln. 


Metric, 

atmosphere, 240, 320. 
horse-power, equivalents of — , 
245. 

horse-power hour, equivalents 
of—, 237. 

measures, 217, 225, etc, 228. 
screw thread, international--, 
1165. 

system, 217, 225 
prefixes, 231. 

ton, equivalents of — , 236. 
units, 225, 226, 230, 231. 
weights, 226, 230, 231. 

Mica 

in mortar, 1303, 1354 
weight, 213. 

Middle 

ordmatCvS, 180, 816, 817 
third, 402 

Mikron, equivalents of — , 232 
Mil, 

equivalents of — , 232. 

Mile, Miles, 

equivalents of — , 220, 232 
geographical — , 220. 
per hour, etc, equivalents of- -, 
242. 

land and sea — , 220, 2:J3 
line — , defined, 1005. 
nautical — , 220 
sea—, 220. 

square — (section), 222, 233 
track — , defined, lt)95. 

Mileage, 

of loeomotive.s, U S, 10 14. 
Millier, 226 
Milligram, 226, 236. 

Milliliter, 225, 235. 

Millimeter, 225, 233 
Miner’s friend powder, 1397. 
Miner’s inch, 546. 

Mliiiature, 

loaders. 580 /> 

()range-)»eels, 580 4. 
slnn els. .580 B. 

Minim, 223 
Minimum 

and maximum stresse.s, 712. 
sections, 722. 

Mining, sub-aqueous rock excava- 
tion, 581 s. 

Minute, Minutes, 

in decimals of a degree, 95. 
equivalents of — , 236. 
of time, 265. 

Mix, 

natural — , 1255. 

Mixers, concrete — , 1260, 1269, 
1376, 

cost of- — , 1411. 

Mixing, 

concrete, 1260, 1805, 1356. 

See also Concrete, mixing. 


Mixing, — continued. 

-water, 1258, 1304, 1355. 
Mizar, 285, 287. 

Models 

test of — , caution, 478 
Modified logarithms, 72 
Modulus, Moduli. See also co- 
efficient. 

elastic—, 456, 458, 460. See 
also the, material in question 
of flow, 540 
hydraulic—, 122.5. 
of resilience, 46] 
of rupture, 468. 
section—, 467-8, 473, 1174, 

1180 


Moist closet, 1237. 

Moisture, 

effect of — See the material, 

etc. in question 
Moldboard of grader. 580 t 
Molded concrete, 1372 
Molds, for concrete See Forms 
Molecular action, 358 
Moment. Moments, 360, 440, 442, 


452-3. 

in arches, 424. 
in b(“Rins, 440, 443. 

continuous — , 480. 404 g 
in cantilevers, 440, 442. 
clock wi.se — , 442. 
in continuous beams, 480, 404 (7 
counter clockwise — , 442. 
of couples, 405, 406 o. 
defined, 360 

diagrams, 452, 453, 474. 470, 
499, &c. 

for trusses, 707. 
of inertia, 351, 408. 
in beams, 466. 
polar — , 499 
table of — , 469. 
influence diagrams for — , 449 
in levers, 419 
live load — , 700. 
maximum bending — , 474. 

in flat plates, 493. 
negative — , 442. 
of non-coplanar forces, 381. 


reactions and shears, 4 
in rectangular beams, 468. 
in reinforced concrete beams, 
1284, 1285. 1286, 1289, 1290 
1291, 1368. 
resisting — , 467. 
shears and reactions, 453. 
and shear, relation of— > 
of stability, 422, 508, 514. 608 
summation of — , 466, 
in trusses, 440, 701. 

Momentum, 337, 338, 34.5. 

-grade, 1076. . 

Moncrieff’s column formula, 
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Money, 218. 

Monior system, 1300. 

Monitor, hjilraulu excavation, 
.'iSO V. * 

Monolith har, 1299. 

■Monorail, .'iSO // 

]ilonth, civil — , biderea! — , synodic 
— , 266. 

Mooring, Moorinss, 

continuous biukct rtredfjes, 
r,f<i V, 

(liplicr dredpes, r)HI /, 

(in'(i;:es, (^'cncral), ."iHI //. 

Itlonn’s laws of friction — , 410 

Mortar 

aliruMon of — , 1304. 
filisoriition h\ — , no.'. 1371 
ancicrated tests for , 1230, 

1237 

a^id- in ™, 1303, 1304 
adhesion of— 124:., 1249, 

1268. 1274, 1279, 1294, 

1290, 1297, 1307, 1364 
aeration of — , 1304 
ape of — , 1248, 130.6 
hoihnp test for—, 1230, 1237. 
hmiiiet, 1233, 1236 
calcium chloride in -, 1240, 

127.7, 1303 

cement — , 1222, 1243, 1304. 
cement in — , 1243 
clicrnnstry of — , 1243. 

(lay in—, 1245, 1303 
consistency of—, 1245, 1304 
effect on <idhe.sion of — , 124.5 
laitaiice, elTect of — on — , 
1245. 

normal — , 1235, 1246 
contraction of — , 1247, 1305 
crusher-dnst in — , 1244, 1354. 
densitj of — , 1304 
dryinp of — , 1276 
effects on materials, or of mate- 
rials, etc, on-- Sec the ma- 
terial, ole, in question, under 
Mortar 

efflorescence of — , 1249. 
evaporation from—, 1304 
experiments on — , 1304 
expansion of — , 1247, 1276 

1304, 1305. 

finish of—, 1249, 1270, 1305, 
1360. 

freezinp of — , 1275 
prndinp of — , 1304 
pyjisiiin in--, 1246, 1247, 1303 
hardeninp of-, 1222, 1245, 

1247. 1218 
incrustation, 1248 
laitance, 124.5, 1250, 1305. 
lime — , 

in arches, 616, 629, 633 

bricks, etc, 1217. 

clay, effect of — on — , 1218 


■y — Mortar. 

Mortar, — con t in tied . 
lime — , — contimied 

effect of — on iron, 1218. 
grout, 1218 

in retaining walls, 604. 
sand in—, 1217, 1218. See 
also Sand. 

Aveight of — , 213, 1218. 
hme in— 1218, 1244, 1245, 
1304 

adhesion of — , 1218 
magnesia in — , 1244 
metals, protection of — by — , 
1278, 1304, 1307 
mica in — , 1303, 1354. 
mixing, 1236. 

inixing-w uter for — , 1230, 123.5, 

1245 

neat — and sand — , 1304. 
need!*, Vioat — , 1246 
normal consistency of — , 1235, 

1246 

permeability of — , 1256, 1271, 
1304, 1306, 1360, 1361, 
plastering, 1304. 
plasticity, 1304, 1305. 
properties, 1247 Si'c also the 
properly in question 
proportion of — in concrete, 
1304 

proportions for — , 1304 
protection of metals by — , 1304. 
quantity required, 1243. 
re-grinding of — , 1305. 
retempering of — , 1305. 
richness of — , 1304. 
sal ammoniac in — , 1304 
salt in—, 1218, 1275, 1303, 
1304. 

sand for—, 1217, 1218, 1238, 

1244. See also under Sand 
sand in — , 1249, 1303. 
sand — and neat, 1304 
in sea water, 1J14, 1304. 
sea water in- , 1250. 
setting of— 1232, 1234, 1235, 

1245, 1258, 1305. 
acceleration of — , 1246, 
calcium chloride, effect of — 

on--, 1246 
expansion, 1305 
freezing, 1275. 

gy|)sum. effect of — on — , 
1246 

initial and final, 1246. 
lime, effect of — on — , 1244. 
rate of — , 1305 
retardation of — , 1246 
sand, effect of — on — , 124 6 
silica, effect of — on — , 1246. 
speed of — , 1246. 
temiierature, 1246 
sewage, effect of — on — , 1306. 
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Mortur — X oKxle. 


Mortar, — continued, 
shrinkage of — , 1244, 1247, 

1305. 

slug cement — , 1245 
soundness of — , 1229, 1230 

1232, 1234, 1237, 1244, 

1247, 1304, 1305. 
lime, effect of — on — , 1244 
strength of— 1232, 1233, 1237 
1245, 1247, 1248, 1249, 

1304. 

ape, effect of — on — , 1249 
compressive — , 1249 
consistency, effect of — on — 
1245 

sand, effect of — on — , 1249 
shoarinp— , 1249 
sulphuric acid in—, 1303, 1304 
tests of— 1229, 1232, 1234. 
1248 

Vicat needle, 1246. 
in water, 1250, 1304. 
water, mixing — , for—, 1230 
1235, 1245, 1304. 

Motion, 331. 
circular — , 351 
quantity of — , 338 
relative — , 331, 358. 
study, 580 Tl'. 

Motor, Motors, 

for dredging, 581 t. 
electric — , 

inertia of — , 1065. 
industrial ry.s, 580 

“Mountain” 

transits, cost of- 1411. 

Mouth, Mouths, 
frog — , 828. 

Movable bridges, 696. 

Movable-point center frog, 846, 
847. 

Moving load, 690, 705, 709, 726, 
755, 1048, 1050, 1053 Sec 
Load, live — . 

Moving ropeway, 580 1. 

Mud, 

co.st of dredging — , 58 1 x. 
dredging, 581. 
penetrability of — , 593. 
in reservoirs, 651. 
weight of — , 213, 581. 

Millboard, see Moldboard. 

Multiple, Multiples, 
common — , 35 
and factors, 35 
right-of-way — , 1102. 

Multiplication 
of decimals, 37. 
of fractions, 36. 
by logarithms, 71. 

chart or slide-rule, 75 

Mushroom system, 1302, 

Muskrats, 651. 


Myriagram, 226, 236. 
Myrialiter, 225. 
Myriameter, 225. 


N 

Nail, Nails, 

cost of — , 1404. 
dating — , 788 
shingling, 1382. 

.slating, 1381 

Napierian logaritlims, 72. 

Narrow gauge 
railroad, 580 S. 

Natural 

cement, 1223, 1303 See also 
Cement, natural — . 
logarithms, 72 
mix, 125.5 
sine, etc, 97. 

slop<‘, 419, 601, 606, 610 
Nautical mile, 220. 

Needle, 

compass — , 293, 299. 

variation of — , 301 
Vicat—, 1246. 

Negative 

characteri.stics, 71, 72 
exponents, logarithmic chart, 
76. 

moments, 442. 

numbers, logarithms of — , 73 
Net 

iron, net plate, not joint, 774 
section of tension members, 
759. 

ton, 216. 

Neutral 
axis, 466. 

cement, cost of — , 1403. 
surface, 466. 

Newton's law.s, 332, 333, 337. 
Nickel steel, 1152, 

Nicking te.st, 752, 1151. 
Niggerhead, 580; 

Nitro-glycerine, 1394. 

Nonagon, 148, 

Non-concurrent forces, 375. 
Non-coplanar forces, 380. 

Normal 

clear signal, 987. 
component, 370. 
consistency, 1235, 1246. 
danger signal, 987. 
stress, 4 54. 

North 

point, etc, 284. 
star, 285. 

•and-South line, 284. 

Northing, 274. 

Notation, duodenal or diiodenarv^. 
47. 

Nozzle, hydraulic excuvutioi, 

580 F. 
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N umber— Panel. 


Number, Numbers, 

and equivalents in common use, 
conversion tables, 231. 
frog—, 829, 848, 871. 
prime — , 35. 
switch — , 862 
by wire gage, 1169, 1173. 

Numerus logarithmi, 71. 

Nut, Nuts, 1165, 14 06. 
cost of — , 1404. 
locks. 809, 1167. 


o 


Oak, 

stvongth of—, 476, 499, 1137, 
1138, 1145. 
weight of — , 214, 755. 

ObhqiKj, Oblique, 
columns, 498. 
lines, 92. 

pressure, 372, 504, 607 
Obstacle, Obstacles, 
to surveying, 

to pass — , 281, 933 
Obstruction, Obstructions, to flow, 
575. 

by piers, 575. 
m pipes, to iirovent — , 655 
Octagon, 

area of — , 148. 
to draw — , 159. 

Octahedron, 194. 

Office, Offices, 
railroad- 

cost of — , 1115. 

OtTset, Offsets, 
tangent — , 875, 892. 
to draw — , 191. 

Oil, Oils, 

coal — (petroleum), weight of 
— , 214. 

effect of — on concrete, 1276, 
1306. 

engines for dri'dging. 58] t 
])')\\er, for exeuvating, etc, 
580 E. 

weights of — , 214 
-^\clls, nitro-gl.M-enne, 1394. 
Oiling, 

ballast, 820 

Once, usuel, 226. ^ 

Ojieri channels, flow in — , 523, 

r,60 

'’pen hearth steel, requirements 
of--, 1152. 

Ojipiiings, 

flow through — , 540-542. 
Operation, 
of ( runes, 580 X. 
of tontnietnr’s jiliint, 580 n. 
of dredges, 581 a, 
train — , 

cost, 1081, 1092. 


Orange-peel 

bucket, dredging, 581 e. 
excavating, 580 1. 
utility, 581 h. 

Ordinate, Ordinates, 

for bending rails, 816, 817. 
in curve location, 933. 

table of— 898, 900. 
elliptic — , 189. 
to find — , 180. 
middle—, 180, 816, 817. 

for rail-bending, 816, 817. 
parabolic — , 192. 
in railroad curves, 875, 891, 
892, 896, 912. 
table of— 898, 900. 

Ore, Ores, 

-cars, 1054. 

crushers, cost of — , 1411. 

Orifice, Orifices, 

flow thru, 539, 546, 
hydraulic suction dredge, 581 q. 

O.scillation, center of — , 351. 

Ounce, 220, 235 
equivalents of — , 235. 
fluid—, 223, 235. 

Outer, 

rail, 

superelevation of — , 963. 

Outflow, velocity of — , theoretical 
ggg 

Outhaul cable, 580 A. 

Outlet valves, 653. 

Oval, to draw — , 191. 

Overdepth, dredging, 581 t. 

Overfall, Overfalls, 

-dams, 642. 

discharge over — , 547, 
for reservoir, 652 

Overturning 

effect of wind, 710. 
work of — , 422. 


P 

C., P. C C., P. K. c., P. T., 
874 . 

ckagc coiivejors, 580 A. 
eking, 

of eye-bars, 722. 

-Tiiece, 775 

iddles of imrtablt conveyor, 
580 0. 

,int, Paint,,, 1382. 
cost of — , 1402. 
for iron, 763, 1383. 
on zinc, 1162. 
inting, 1382. 
of bridges, 763, 764. 
on concrete, 1271, 1305. 
in conveyor, 580 o. 
inel, Panels. ^ 

diagonal of — , to find lengtii 
of—, 160. 
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Panel- 

Panel, Panels, — continued. 

•points, 692. 

-reactions, 702. 
in trusses, 692. 

Paper, 1389, 1409. 

drawing — , cost of — , 1412. 
tar — , cost of, 1408. 
tracing — , cost of — , 1412. 
Parabola, 192-193. 

See also Parabolic, 
center of gravity of — , 394 
to draw — , 193. 
ordinates of — , 192. 
semi — , cen of grav of — , 394. 
tangent to — , to draw — , 193. 
Parabolic 
arc, 192, 193. 

column formula, 498-498 b, 
1146, 1197, 1199. 
conoid, 209. 

frustum of — , 209 
curve, 192, 193. 
frustum, 192. 
ordinates, 192. 
zone, 192. 

Paraboloid, 209. 

center of gravity of — , 398. 
Paradox, hjdrostalio — , TiOl 
Parallel 

forces, 361. 382, 514. 
couples, 404 

resultant of — , 382, 399. 
lines, to draw — , 94. 
plate.s, 292 

Parallelogram, Parallelograms, 95, 
157. 

force — , 364. 

Parallolopiped, 195. 
force — , 380 

Particle, material — , 358. 
Partition, thin — , flow through — , 
641. 

Passenger, Passengers, 
cars, life, etc, of—, 1053 
stations, 1007. 
cost, 1115. 

Paste, lime — , 1218. 

Pattern, Patterns, 

weight of castings, 1157. 

Paving, 

Belgian block — , 602 
brick—, 1219. 

cost of — , 1403. 
concrete sidewalks, 1369. 
cost of — , 1409. 
of ditches, 782 
Payments, equation of, 42. 

Peck, 223. 

Pedestal, Pedestals, 
bridge—, 721, 750. 

Pencils, lead — , 1389. 

Pendulum, Pendulums, 350. 
hydroraetric, 561. 
seconds — , 216, 351. 


-Pile. 

Pennsylvania R R, 

track specifications, 780. 
Pennyweight, 220. 

Pentagon, 148. , 

Percentage, 40. 
of grade, 255 
interest, annuities, 40. 

Perch, 220, 222, 235. 

Percu.ssion, 

center of — ,,351 
-drills, 676 
“Perfctl” discharge 
of bucket eon\c>ors, 580 n. 
Perimeter. See also Circumfer- 
ence. 

wet — , 523, 563 
Permanent set, 456, 459. 
Permeability, 

of concrete, 1256, 1271, 1306, 
1345, 1360, 1361. . 

Permissive blocking, 987 
Permutation, 40. 

Perpendicular, to draw — , 93 
Perpetual snow, limit of — , 324 
Persian wheel, 687. 

Per.sonnel, < ontnu toi 's, 580 t, 
Petroleum, weight of — , 214. 
Phoenix segment-columns, 353 h, 
1186 

Phosphor bronze, 754, 762, 1212 
Phosphorus, 753, 754, 1152. 

Pi, symbol and value, 34, 161. 
Pick, Picks, wear of — , 1025 
Pick-up cart, 580 Q. 

Pied, 226. 

Pior, Piers, 

abutment — , 619, 

-foundations, 582. 
heads due to — , 575, 
masonry, quantity of — m — , 
628. 

obstructions by — , 575, etc 
of suspension bridges, 768. 
Pierre perdue, 583 
Piezometer, 518, 

Pig iron 

cost of — , 1403. 
ton, 216. 

Pile, Piles, 589, etc. 

adhesion of ice to — , 594. 
bearing — , 590. 
blasting of — , 1396. 
concrete m — , 1269. 
cost" of — , 1402. 
in cylinders, 600 
-drivers, 590, 591, 687. 
cost of — , 1410. 
crane attachment, 580 D. 
gunpowder — , 590. 
steam — , 591. 
driving, 590, etc. 

by jets, 595. 
factor of safety of — , 593. 
-foundations, 589, etc. 
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PUe- 

Pile, Piles, — contintied. 
friction of — , 593. 
f^rillage, 590 
heads for — , 594. 
hollow — , 596. 

ice, adhesion of — to — , 594. 
iron — , 594, 
concrete in — , 1269. 
jet driving of — , 595. 
loads for — , 592. 
resistance of — , .'>92. 
sand — , 599, 670. 
screw — , 594. 
sheet — , 590. 
shoes for — , 593. 
sustaining power, 592 
V liter jot for driving — , 595. 
withdrawal of — , 594 

IMliu. I'llUrs, 
crane, .580 F. 

•see also Column. 

Pill Pins, 

-connections, 496, 721, 724, 

725, 747. 762, 1205 
in columns, 496, 1205 
surveying — , 282. 

I’lne, 

columns, 1144. 
cost of--, 1402 
strength of—. 476, 499, 1137, 
1138, 1143. 
weight of — , 214, 755 

Pinions and wheels, 420. 

P’nt Pints, 223. 

Pipe, Pipes, 
air-valves for — , 662. 
areas and contents. 197, 526. 
bends in — , 

effect of — on flow, 537 
-branches, 661 
brass and .seamless — , 1211 
bursting of — , 511, 513, 663, 
665, 668. 

thickness required to pre- 
vent — , 511, 513 
bursting pressure in — , 518 
cast-iron, 653, 658, 662, 1158 
cost of — and laying — , 658 
weights of—, 656, 658, 1158 
cement and iron — , 6.57. 
compound — , flow in — , 531 
concretions in — , to prevent — , 
655. 

contents of — , 197, 198, 208, 
223, 525, 526. 
and areas of— , 197, 526. 
copper seamless — , 1211. 
co.st of— 658, 1412. 
cost of laying — , 658 
couplings, 656, 660, 1164. 
cracks in — , 661. 
curves in — , 
effect of — on flow, 537 
diams of- 524, 653, 654, 656. 
fufv.iil, nominal — , 526, 1164 


■Pipe. 

Pipe, Pipes, — continued, 
dituns of — , — conlinued. 
square roots of — , 526. 
for water-supply, 653. 
discharge from — , 516, 522, 

.527, 528. 
drain—, 575. 
drawn brass — , 1211. 
ferrules for — , 664. 
flexible joints for — , 661. 
flow in— 516, etc, 527, 529 
formulas for — 

exponential — , 529. 

Kutter’s — , 523, 564. 
steady — , 527. 
galvanic action in — , 656 
galvanized — , 664 
gates for — , 666. 
gutta-percha — , 657. 
iron — , 

cast— 653, 656, 658, 662, 
1158. 

rement-lincd— , 657. 
fittings for — , 661, 1164. 
joints for — , 660, 661, 1164 
flexible — , 661. 
laying — , 658, etc, 660. 
wrought — , 526, 656, 657, 
1164. 

jointers, cost of — . 14(i9. 
lead—. 513, 664, 1210 
thickness of — , 513. 

-line 

discharge, hydr. dredge, 
581 p. 

dredge, 581 n. 

material of — , effect of — on 
flow through — , 523. 
mean velocity in — , 527. 
to mend — , 661 
obstructions in — , to prevent — , 
655. 

pressures of water in — , 511, 
518. 

seamless — , 1211. 
service — , 657, 664, 1210. 
sewer — , .575. 
sleeves for — , 661. 
stand — , 663. 
stave—, cost, 1426. 
steady flow in — , 527. 
steam—, 1164. 
stop-valves for — , 666. 
street — , 653. 
tapping of — , 657, 664. 
terra-cottii— , 575 
tapping machines, cost of — , 
1409. 

thicknesses required for — , 511 
513, 656. 
valves for — , 066 
of varying diameter, discharge 
through — , 531. 
velocities in — , 522-524, 527. 
vitrifled — , 575, 1426. 
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Pipe, Pipes, — continued, 
water—, 653, 657, 1158. 
cost of — and laying, 658 
freezing in — , anti-bursting 
device, 665 

weight of — , 656, 658, 1158, 
1164. 

of water in — , 525. 
wooden — , 657. 
wood — , cost of — , 141.5 
wrought iron — , 656, 657, 1164. 
cost of — , 1415. 
diameters, actual and nomi- 
nal—, 526, 1164 
weights of — , 656, 1164, 
Pitch, 

of rivets, 776. 
of roofs, 714, 1381. 

effect of — on wind pressure, 
714. 

of screw, 436 
weight of — , 214 
Pitot's tube, 536, 561. 

Place measurement, dredging, 
581 w. 

Placing concrete 

See Concrete, placing. 

Plane, Planes, 148 
of couple, 404 
of flotation, 514. 
of gravity, 389. 

inclined—, 255-257, 349, 369, 
424 

of moments, 360. 
surfaces, 148. 
table.s, cost of — , 1411. 
trigonometry, 97, 150. 
Planimeters, cost of — , 1411. 
Plank, Planks, 

board measure, table of- -, 269 
in foundations, 582. 
sheet piling, 590 
thickness of — for a given pres- 
sure, 586, 648. 

Plant, Plants, 

contractor’s, 579 y 
layout, 580 if 

railroad statistics, P S. 113U-3. 
Plaster, cost of—, 1-103 
Plaster of Paris, 1379 See also 
Gypsum. 

effect of — on mortar, 1246, 
1247, 1303. 
price of — , 1403 
strength of— 1214, 1215 
weight of — , 213, under Gyp- 
sum. 

Plastering, 

cost. of--. 14 09 
mortar for — , 1304, 

Plate, Plates, 
batten — , 

weight of — , 1190. 


Plate, Plates, — continued, 
as beams, 493. 
bed—, 750. 
buckle—, 750, 1167. 
fish—, 798 
gauge — , 837. 

-girders, 747. 

bracing in — , 749. 
details of — , 728. 

-glass, 1385. 

iron and 'hteel — , cost of- — 
1401. 

net — , 774. 

parallel — , in transit, 292 
resistance of — , as beams, 493 
steel — , tinned — , 1208 
strengths of — , 493. 
terne — , 1208. 
tie— 780, 803, 804. 
tin—, 1208. 

transverse resistance of—, 493 
Platform, Platforms, 
cost of — , 1115. 
freight—, 1006. 
hoisting — , 579 Z. 
passenger — , 1007. 
railroad, 

cost of— 1115 
Platinum, 214, 1212. 

Platting 

auxiliaries, 933 
Plenum process, 597. 

I'low. IMou.s, 580 j?. 1024. 
ballast — , 819. 
cost of— , 14 10. 
snow — , 1054. 

Plug, Plugs, 

fire (fire-hydrant), 669. 
tie—. 802. 

Plumb level, 
fo adjust — , 311 
Plumbago as a lubricant, 415. 
Plum, Plums, 

in concrete, 1253, 1258, 1355 
Phis, 33. 

stations, 879, 911. 

Pneumatic 

conveyors, 580 P. 
foundations, 596. 
hoist, .580 r. 
interiorking, 990. 

Pocket, Pockets, 

•level, 310. 

-sextant, 297. 

Point, J’oints, 
ancien, 226 

of apiilicatiori of force, 333, 
359. 

boiling — , 314, 326. 

leveling by — , 314. 
clearance — , 825. 
of curve, 874-5. 
freezing — , 326 
frog—, 823, 828, 848 
of intersection, 875 
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PUe- 

Pile, Piles, — contintied. 
friction of — , 593. 
f^rillage, 590 
heads for — , 594. 
hollow — , 596. 

ice, adhesion of — to — , 594. 
iron — , 594, 
concrete in — , 1269. 
jet driving of — , 595. 
loads for — , 592. 
resistance of — , .'>92. 
sand — , 599, 670. 
screw — , 594. 
sheet — , 590. 
shoes for — , 593. 
sustaining power, 592 
V liter jot for driving — , 595. 
withdrawal of — , 594 

IMliu. I'llUrs, 
crane, .580 F. 

•see also Column. 

Pill Pins, 

-connections, 496, 721, 724, 

725, 747. 762, 1205 
in columns, 496, 1205 
surveying — , 282. 

I’lne, 

columns, 1144. 
cost of--, 1402 
strength of—. 476, 499, 1137, 
1138, 1143. 
weight of — , 214, 755 

Pinions and wheels, 420. 

P’nt Pints, 223. 

Pipe, Pipes, 
air-valves for — , 662. 
areas and contents. 197, 526. 
bends in — , 

effect of — on flow, 537 
-branches, 661 
brass and .seamless — , 1211 
bursting of — , 511, 513, 663, 
665, 668. 

thickness required to pre- 
vent — , 511, 513 
bursting pressure in — , 518 
cast-iron, 653, 658, 662, 1158 
cost of — and laying — , 658 
weights of—, 656, 658, 1158 
cement and iron — , 6.57. 
compound — , flow in — , 531 
concretions in — , to prevent — , 
655. 

contents of — , 197, 198, 208, 
223, 525, 526. 
and areas of— , 197, 526. 
copper seamless — , 1211. 
co.st of— 658, 1412. 
cost of laying — , 658 
couplings, 656, 660, 1164. 
cracks in — , 661. 
curves in — , 
effect of — on flow, 537 
diams of- 524, 653, 654, 656. 
fufv.iil, nominal — , 526, 1164 


■Pipe. 

Pipe, Pipes, — continued, 
dituns of — , — conlinued. 
square roots of — , 526. 
for water-supply, 653. 
discharge from — , 516, 522, 

.527, 528. 
drain—, 575. 
drawn brass — , 1211. 
ferrules for — , 664. 
flexible joints for — , 661. 
flow in— 516, etc, 527, 529 
formulas for — 

exponential — , 529. 

Kutter’s — , 523, 564. 
steady — , 527. 
galvanic action in — , 656 
galvanized — , 664 
gates for — , 666. 
gutta-percha — , 657. 
iron — , 

cast— 653, 656, 658, 662, 
1158. 

rement-lincd— , 657. 
fittings for — , 661, 1164. 
joints for — , 660, 661, 1164 
flexible — , 661. 
laying — , 658, etc, 660. 
wrought — , 526, 656, 657, 
1164. 

jointers, cost of — . 14(i9. 
lead—. 513, 664, 1210 
thickness of — , 513. 

-line 

discharge, hydr. dredge, 
581 p. 

dredge, 581 n. 

material of — , effect of — on 
flow through — , 523. 
mean velocity in — , 527. 
to mend — , 661 
obstructions in — , to prevent — , 
655. 

pressures of water in — , 511, 
518. 

seamless — , 1211. 
service — , 657, 664, 1210. 
sewer — , .575. 
sleeves for — , 661. 
stand — , 663. 
stave—, cost, 1426. 
steady flow in — , 527. 
steam—, 1164. 
stop-valves for — , 666. 
street — , 653. 
tapping of — , 657, 664. 
terra-cottii— , 575 
tapping machines, cost of — , 
1409. 

thicknesses required for — , 511 
513, 656. 
valves for — , 066 
of varying diameter, discharge 
through — , 531. 
velocities in — , 522-524, 527. 
vitrifled — , 575, 1426. 
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Pressure, Pressures, — continued, 
barometer, 320. 

leveling by — , 312. 
center of—, 399, 501, 506, 514. 
on centers of arches, 633. 
conveyor, 5«0 P. 
in dams, 648. 
distribution of — , 400. 
of earth, 603, 607. 
on foundations, 583. 

*head, 258, 518 
hydrostatic — , 260 a, 501, etc 
on inclined planes, 349. 
line of — , 430, etc. 
maximum — , 

angle, prism, slo])e of — , 607. 
in pipes, 511, 518 
-plate, Gauthey’s, 561. 
in reservoirs, 651. 
on retaining walls, 603. 607 
of running water in pipes, 51 K 
transmission of- - through 
liquids, 506. 

unit — , conversion of , 240 
of water, 501, etc, 516, etc 
in cylinders, 511 
in pipes, 511, 518 
planks to resist — , 586, 648 
running, 518. 
walls to resist — , 508 
of wind, 321. 

on roof tru-sses, 714 
Price list, 1400. 

Priddle bar, 1299. 

Prime, 

number, 35. 

Principal, Principals, 
in interest, 41. 
stresses, 494 c, 494 {/. 

Prism, Prisms, 195. 

center of gravity of — , 395. 
frustums of — , 195 

center of gravity of — , 395 
of max pressure, 607 
Pnsinoid, Prismoids, 202. 
Prisinoidal formula, 202 
Probings, dredging, 581 r. 

Profile, Profiles, 304. 

-pajier, 1389. 

eost of—, 1412. 
transformation of — , 611. 
virtual—, 1071. 

Progression, 39. 

Property investment of railroads, 
1120 

Propbrtion, 

by logarithms, 71. 
and ratio, 38 
Proportionals, 38. 

Protection 

of bridges, 763, 764. 
of metals, 327, 1218. 
Protractor, 

cost of—, 1412. 
curve — , 933. 


Puddle, 
walls, 651. 

Pull, 359 
draw-bar — , 

measurement of — , 1067. 
-scoop, 580 5. 

-shovel 580 h. 

on tapes, surveying, 282. 

Pulley, i^illeys, 428. 

I’liKsoineters, <ost of — , 1410. 

Pump, Pumps, 1012. 
chain — , 687. 
cost of — . 1410. 
da\’.s work at — , 686, 1012. 
for lisdraulic dredge, 581 p. 
sand, 599, 670. 

Pumping engines, see Pump, 
Pumps 

Purlin, Purlins, 713. 

Push and pull, 359 
-shifting, 1002 

Push (arts, .*>80 Q. 

Pu.sher, Pushers, 

ol llight conveyors, 580/*, 
grades, 1087. 

Puzzolnn cement, 1222, 1224. 

P.\rannd, l*yrami(ls, 200 
frustum of — , 201 


Q 

Quadrant, Quadrants, 
center of gravity of — , 393 
I, II, III, IV, Kign.s 111 —, 97 a, 
Quart, Quarts, 222, 223. 
Quartering 

of sand, gravel, etc, 1238 
Quart/, as aggregate, 1305 
weight of — , 214, 1240. 

Quebec bridge, column failure in 
— , 1202 

Quick lime, 213, 1223, 1244. 

weight of — , 213, 

Quintal, 226. 


R 

Rack-a-rock, 1397. 

Kuck-and-lever jack, 580 fi. 

Radial cableways, 580 L. 

Radian, 97. 

Radio tiiiu* signals, 267. 

Radius, Radii, 
of circles, 161. 

See also Radii of Curves, be- 
low, 
of curves, 

850 and throughout Turn- 
outs, Geometry, 850-873, 

875 and throughout Curves. 
875-981 

of gyration, 352, 353 a, 353 i, 
1174, etc. 

square of — , 353 a, 353 b. 
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Radius, Radii, — rontinued. 
mean, 523, .564. 
of railroad curves — , 

850 and throughout Turn- 
outs, Creomctry, 850-873, 
875 and throughout Curves, 
875-081. 

ratio of — to arc, 07. 
in turnouts, 850, 860, 868 and 
througliont Turnouts, Ceom- 
ctrv, 850-873. 

Rail, Rails, 793 

Iviiding of — for curves, 815, 
816, 817. 

-bolt.s, 809. 

-braces, 806. 
closure- -, 822 
couniositioii of — , 794 
continuous — , 810 
corrugation of — , 793 
cosrof-, 1112, 1114. 1412. 
creeping of — , 807, 809. 
oil curves, bemling of — . 815. 
inner and outer rails, 811 
wear of — , 813. 
cutting of ties by—, 785. 
deuM— , 1003. 
del ailing- , 826 
digest of specificadons for- , 
794. 

oaser— , 830. 846. 
ex]iansion of — , 806, 818. 
funetions of — , 780 
g lard — or guide 750, 822 
823, 833, 834, 1080 
•joints, 780 798, 806, 818 
cost, 1113, HU. 
with screw s]»iKes, 803. 
laving, 814, 815, 821 
lead 822 
maintenance, 814 
niungiuiese steel, 796. 
ordinates for bending — , 816, 


817. 

j'Oint — , 835. 
requirements 


of— 794, 1150, 


1152. 

road, roads, 

see Railroad, Railroads, 
sections of — , 796, 797 
special steel — , 796 
specilications for — , 794. 
spiking of — , 818. 
stock — , 835. 
switch- 835 
derailing, 826. 
ties for — . See Tie, Ties, 

-w^ay. See Railroad, 
wear of — , 
on curves, 813 
weights of — , 1112. 


wing — , 829. 

Railroad, Railroads, 

accounting, 1094, 10^®- 
acres required for — , 254. 
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Railroad, Railroads, — continued, 
ballast. 783, etc. 
cost, 1112. 

bridges Sec Bridge, Truss, 
Arch, etc. 

construction of — , in U S , 
1130-3 

co.st of—, 1094, 1118, 1123, 
1125 

crossings, 845. 
curves, 874-981 

See Curves, railroad — 
earnings, 

statistics of — , in U S , 
1130-3. 
earthwork, 

measurement of — , 1014, etc 
cost of--, 1105, 1106. 
electrn — , 

cost of—, 1129. 
elevated — , 

cojit of — , 1124. 
equipment of— 
eost of— , 1119 
statistics of — , in U. S , 1130 
expenditures (general), 1118. 
statistics of--, in U. S., 
1130-3. 

funded debt of — , 1121 
inilustnal — , 580 S. 
intbrnrban — , 
cost of—, 1129 
laying of- 814, 815 
lilies, 

comparison of — , 1081. 
maintenance of — , 814. 
metals for — , 

reiiuireinents of — , 805 
nm row -gauge— -, 580 S. 
oiM'ration, 
cost of — , 

analysis of — , 1081 
on grades, 1076 
statistics of--, in U. S, 
1130 3 

plant, statistics of—, in U. S , 
1130-3 

portable- 580 S 
property investment of — , 1120 
rails See Rail, Kails, 
real estate for — , 
cost of — , 1107. 

resistance on — , 417, 1056, 

1070 

roadbed, 780. 
rolling stock, 1039. 

1 signals, 982 

See also Signaling, railroad 
[ spikes, 780, 800-804, 818. 

See Spike, Spikes, railroad — 
I stations, 1006. 

cost of — , 1115. 

I statistics, 1130-3. 
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Railroad, Railroads, — continued, 
subway — , 

cost of — , 1124, 
su]»jilies, cost of — , 1412. 

surveys, 

cost of — , 1100. 
switch, 835. 

See also under Turnouts, 
ties, 784. 

See also under Tie, Ties, 
time, 

standard — , 267. 
track, 780. 

■tank, 1013. 
train. 

See under Train, 
dynamics of — , 1070 
resistance, 1056-1069, 1070, 
etc. 

trolley — , 

cost of — , 1129. 
turnouts, 822-873 

See Turnout, Turnouts, 
underground — , 
cost of — , 1124. 
valuation of — , 1095. 

statistics, 1122 
water stations for — , 1011. 
yards and stations for — , 994. 

Railway, Railways, 
industrial — , 580 S. 
see also Railroad, Railroads 


Rain, 322. 

•fall, 322. 

depths, equiv volumes, 250. 
-equivalent of snow, 324. 
gauges, 324. 
and snow, 322. 

-water, 327, 

Rainy days, av number of — , 325. 


Ram, Rams, 
hydraulic — , 

cost of — , 1410. 
rock breaking, 581 r. 
water — , 513, 663, 668. 
Ramming, 

of concrete, 1268, 1305, 
1378. 


cost of — , 1378. 

Ramp, Ramps, 1007. 

Random stone, 583. 

Range 

poles, cost of-;-, 1411. 
targets, dredging, 581 r. 
Rankinc, W. J. M. 
column formula, 

general — , 497-498 a. 
iron and steel — , 1193, 1195, 
1199. 

reinforced concrete — , 1281. 
wood—. 1143, 1144, 1148. 
Ransome bar, 1298. 

Rapid transit stations, 1010. 
Ratio, Ratios, 

angular — , 97, 97 b. 


Ratio, Ratios, — continued, 
elastic — , 459. 
and proportion, 38. 
trigonometric — , 97, 97 b 
logarithmic — , 72, 143 a. 

Reaction, 333 
end— 360, 439. 

in trusses, 699, 702, 714. 
of soils, elastic — , 593. 
shears and ^moments, 453. 

Real Estate, 

oo.st of — , for railroads, 1101. 

Reaumur thermometer, 318. 

Receiving yard, 994, 995 

Recijirocal, Reciprocals, 48-53. 
or inverse proportion, 39. 
on logarilhinic churt, 76. 
by logarithm, s, 71. 
by slide rule, 77 

Reclassiticatum yards, 1005. 

Reconnaissance, Reconnaissances, 
railroad — , cost of — , 1100. 

Recording, 
track — , 821. 

Rectangle, Rectangles, 157. 
radius of gyration, 353 a. 

Rectangular 

components, 369 
plates, strength of — , 493. 

Rectification, 
of arc, 184. 
of ellipse, 190. 

Recurring decimals, 38. 

Reduction, 

of area, 456, 752, 754, 1153. 
of figures, 160. 

Redundant members, 720. 

Redwood, 

columns, 1145. 

Refraction and curvature tables, 
153. 

Regular 

figures, 148. 
solids, 194. 

Regulation of time-piece by stars, 
266. 


Rehydration, 1276. 

Reinforced concrete, 1278, 1307 
See also under structure in ques- 
tion, and name of type of re- 
inforcement in question. See 
also Reinforcement, 
adhesion of — , 1274, 1279, 1294, 
1296, 1297, 1307, 1364. 


-unit, 1294. 
aggregate for — , 1278. 

See also under Aggregate, 
anchor plates for — , 1297. 
bars for—, 1278. See also Re- 
inforcement, bars, 
beam, beams, 

adhesion in — , 1274, 1279, 
1294, 1296, 1297, 130", 
1364. 
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Radius, Radii, — rontinued. 
mean, 523, .564. 
of railroad curves — , 

850 and throughout Turn- 
outs, Creomctry, 850-873, 
875 and throughout Curves, 
875-081. 

ratio of — to arc, 07. 
in turnouts, 850, 860, 868 and 
througliont Turnouts, Ceom- 
ctrv, 850-873. 

Rail, Rails, 793 

Iviiding of — for curves, 815, 
816, 817. 

-bolt.s, 809. 

-braces, 806. 
closure- -, 822 
couniositioii of — , 794 
continuous — , 810 
corrugation of — , 793 
cosrof-, 1112, 1114. 1412. 
creeping of — , 807, 809. 
oil curves, bemling of — . 815. 
inner and outer rails, 811 
wear of — , 813. 
cutting of ties by—, 785. 
deuM— , 1003. 
del ailing- , 826 
digest of specificadons for- , 
794. 

oaser— , 830. 846. 
ex]iansion of — , 806, 818. 
funetions of — , 780 
g lard — or guide 750, 822 
823, 833, 834, 1080 
•joints, 780 798, 806, 818 
cost, 1113, HU. 
with screw s]»iKes, 803. 
laving, 814, 815, 821 
lead 822 
maintenance, 814 
niungiuiese steel, 796. 
ordinates for bending — , 816, 


817. 

j'Oint — , 835. 
requirements 


of— 794, 1150, 


1152. 

road, roads, 

see Railroad, Railroads, 
sections of — , 796, 797 
special steel — , 796 
specilications for — , 794. 
spiking of — , 818. 
stock — , 835. 
switch- 835 
derailing, 826. 
ties for — . See Tie, Ties, 

-w^ay. See Railroad, 
wear of — , 
on curves, 813 
weights of — , 1112. 


wing — , 829. 

Railroad, Railroads, 

accounting, 1094, 10^®- 
acres required for — , 254. 
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Railroad, Railroads, — continued, 
ballast. 783, etc. 
cost, 1112. 

bridges Sec Bridge, Truss, 
Arch, etc. 

construction of — , in U S , 
1130-3 

co.st of—, 1094, 1118, 1123, 
1125 

crossings, 845. 
curves, 874-981 

See Curves, railroad — 
earnings, 

statistics of — , in U S , 
1130-3. 
earthwork, 

measurement of — , 1014, etc 
cost of--, 1105, 1106. 
electrn — , 

cost of—, 1129. 
elevated — , 

cojit of — , 1124. 
equipment of— 
eost of— , 1119 
statistics of — , in U. S , 1130 
expenditures (general), 1118. 
statistics of--, in U. S., 
1130-3. 

funded debt of — , 1121 
inilustnal — , 580 S. 
intbrnrban — , 
cost of—, 1129 
laying of- 814, 815 
lilies, 

comparison of — , 1081. 
maintenance of — , 814. 
metals for — , 

reiiuireinents of — , 805 
nm row -gauge— -, 580 S. 
oiM'ration, 
cost of — , 

analysis of — , 1081 
on grades, 1076 
statistics of--, in U. S, 
1130 3 

plant, statistics of—, in U. S , 
1130-3 

portable- 580 S 
property investment of — , 1120 
rails See Rail, Kails, 
real estate for — , 
cost of — , 1107. 

resistance on — , 417, 1056, 

1070 

roadbed, 780. 
rolling stock, 1039. 

1 signals, 982 

See also Signaling, railroad 
[ spikes, 780, 800-804, 818. 

See Spike, Spikes, railroad — 
I stations, 1006. 

cost of — , 1115. 

I statistics, 1130-3. 
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Reinforcement, — oontinued. 
disturbance of — , 1307. 
double—, 1295, 1367 
electrolysis in — , 1307. 
expanded metal, 1300. 
friction of — , 1279, 1307. 
lapping of — , 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded — , 1300, 
rib— 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of — , 1307, 137.5. 
placing of — , cost of — , 1377 
proportions, 1307, 1375 
protection of — , 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for — , 1299 
shapes, structural — , for — , 

1301. 

shear in — , 1292, 1294, 1296 
steel for — , 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of — , 1367 
strength of — , 1307. 
stresses in — , 
max — allowed, 1363. 
structural shapes for—, 1301 
supports for — , 1299. 
tension — in top of beam, 1295, 
1367. 

thermal conductivity of — , 1307 
trussed — , 1296, 1301 
types of—, 1278, 129.5, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of — , 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car — , 1055. 


I Reservoir, Reservoirs, 650. 

[ evaporation from — , 329. 
for railroads, 1012. 

Resilience, 460. . 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 g. 
automobile.s, 580 q. 
of cars, 417. 
curve — , 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade — , 1060. 

journal — , 1057 

line of— 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling — , 1057. 

to starting, 1058, 1059. 

tram— 1056, 1070. 

wind — , 1062. 

Resolutes, 369. 

Resolution of force.s, 362, etc 

Rest, relative — , 358. 

Resultant, Resultants, 
of forces, 362. 
line of— , 430, 432. 
of moments, 360. 
of parallel Circes, 382, 399. 
sense of — , 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 

eoncrete — , cost of — , 137**. 

Retardation, 

effect of — on tram resistance, 
1059. 

Revenue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 910. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Rhombohedron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Khurnb-lme, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of — , 1102. 

-multiple, 1102. 
width of — , 1101. 

Rigid bodies, 
force in — , 330, 358. 

Ring, Rings, 

circular, 186, 209 



INDEX. 


1495 


Rip-rap — Ropeway. 


Rip rap, nsD, 
in ditches, 782 
Rise of arch, 613. 

Rise-and-fall, 1076. 

River, RiverS. See also Water, 
dnms in — , 642. 
flow in — , 560. 
tjpe dredge, 561 it. 

Rivet, Rivets, 772. 
cost of — , 1404. 
frictional lesistance of — , 1205 
slip of — , 1205. 
stresses in — , i«rmissible — 

762. 

Riveted 

columns, 1186 
joints, 721, 749, 759, 772. 
Riveting, 

in columns, 1190. 
liar^uners, cobt of— , 1409 
Road, Roads, 

■bed, 780 

ion St ruction — , 580 ic 

contructor’s — , 58 () «•. 

grades of — , 255-257, 683 

lUiichiiiery, cost of- -, 1411. 

iiiaintainer, 580 t. 

maintenance, 1025. 

materials, cost of 1402. 

rail — , see Railroad. 

repairs of — , 1025. 

shaper, 580 t 

traction on — . 683 

-cvay, aci'es required for — , 254. 

-way, 

drainage of — , in arches, 628. 
Roadbed, 780. 

construction, cost of — , 1104. 
crown of — , 782. 
railroad — , 780. 
recjuii inents of — , 780 
Rock, Rocks, 

blasting of — , 1394, etc. 
-breaking, dredging, 5bl r. 
channeling, 6H1. 
cost of — , 1403. 
crushers, cost of — , 1411. 
dredging, 581 a, 581 q 
cost of — , 581 tv. 
drills, 600, 675, 681. 

cost of — , 1409. 
excavating, cost of — , 

1106, 1034, 1035, 1108. 
removal of — , 1034, 1035. 
Rocker bearings, 725, 730 
Rod, Rods, 

of brickwork, 1220. 
equivalents of — , 220, 232 
leveling — , cost of — , 1411. 
in reinforced concrete, 1278, 
1297, 1299, 1307, 1362. 
upset — , 1168. 

If oiled iron. See Steel, and 

Wrouglil iron. 


Roller, Rollers, 
anti friction — , 417, 751 
-bearings, 725-728. 
belt conveyor — 580 m. 
bucket conveyor — , 580 n. 
under cranes, 580 F. 
road — , cost of—, 1411. 

Rolling 
friction, 414. 
lift bridges, 697, 
load See live, etc, under Load 
stock, 1039. 

cost of—, 1119, 1120 
resistance of — , 417, 1056. 
Roman cement, 1223. 

Rood, 222. 

Roof, Roofs, 

acid fumes, effect of-- on- 
1162, 1381. 
copper — , 1210. 

•covering, 764. 
weights of — , 713 
iron for — , llh2 
lead—, 1210. 

leak in — , to stop — , 1382 

1384. 

painting of—, 764, 1162, 1383. 

pitch of—, 1208, 1381. 

sheet -iron — , 1162 

shingle — , 1382. 

slate—, 1381. 

tin — , 1208. 

•trusses, 698, 713, 740, 764. 

weights, 713, 741. 
weight, 713, 741. 
wind on — , effect of — , 321 
713. 

zinc — , 1208. 

Roofing, cost of — , 1409. 

Root, Roots, 

cube and square — , tables, 54 
of decimals, to find — , 67. 
fifth—, 67, 68. 
fin ding- 
hy logarithmic chart, 76 
by logarithms, 71. 
by slide rule, 76, 
of large numbers, 66. 
square — , 
tables, 54. 
of diameters, 526 
of fifth powers, 69. 

Rooter, Rooters, 580 T. 
plOAV, 580 8. 

Roi>e. Repcs, 580 2), 1214, 1386, 
hoisting — , 580 D. 

cost of — , 1406. 
manila, cost of — , 1408. 
trolleys, 580 k. 
wire— 580 D, 1387, 1388. 
cost of — , 1406. 

Ropeway, Ropeways, 
moving — , 580 1. 
single — , 580 /. 
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Reinforcement, — oontinued. 
disturbance of — , 1307. 
double—, 1295, 1367 
electrolysis in — , 1307. 
expanded metal, 1300. 
friction of — , 1279, 1307. 
lapping of — , 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded — , 1300, 
rib— 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of — , 1307, 137.5. 
placing of — , cost of — , 1377 
proportions, 1307, 1375 
protection of — , 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for — , 1299 
shapes, structural — , for — , 

1301. 

shear in — , 1292, 1294, 1296 
steel for — , 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of — , 1367 
strength of — , 1307. 
stresses in — , 
max — allowed, 1363. 
structural shapes for—, 1301 
supports for — , 1299. 
tension — in top of beam, 1295, 
1367. 

thermal conductivity of — , 1307 
trussed — , 1296, 1301 
types of—, 1278, 129.5, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of — , 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car — , 1055. 


I Reservoir, Reservoirs, 650. 

[ evaporation from — , 329. 
for railroads, 1012. 

Resilience, 460. . 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 g. 
automobile.s, 580 q. 
of cars, 417. 
curve — , 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade — , 1060. 

journal — , 1057 

line of— 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling — , 1057. 

to starting, 1058, 1059. 

tram— 1056, 1070. 

wind — , 1062. 

Resolutes, 369. 

Resolution of force.s, 362, etc 

Rest, relative — , 358. 

Resultant, Resultants, 
of forces, 362. 
line of— , 430, 432. 
of moments, 360. 
of parallel Circes, 382, 399. 
sense of — , 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 

eoncrete — , cost of — , 137**. 

Retardation, 

effect of — on tram resistance, 
1059. 

Revenue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 910. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Rhombohedron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Khurnb-lme, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of — , 1102. 

-multiple, 1102. 
width of — , 1101. 

Rigid bodies, 
force in — , 330, 358. 

Ring, Rings, 

circular, 186, 209 
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Shingle, Shingles, 1382, 
composition — , cost, 1408 

Shoe, Shoes, 
bridge—, J21. 
for piles, 593. 

Shoots for dredging, 581 t. 

Shop, Shops, 
railroad — , 

cost of—, 1116, 1118. 
yards, 996. 

Short ton, 216. 

Sliovcl, Shovels, 
niiniature-—, 580 li. 

]»o\ver — , 580 A. 

])ull— , 580 h. 

steam — , cost of — , 1410. 

vear of — , 1025 

Shoveling earth, 1024 

Shrinkage, Shrinkages, 
of embankment, 1023 
of rails, 

in manufact ure, 795. 

Side, Sides, 
floats, dredging, 581 h. 
slopes, dredging, 581 f. 

■walks, see Sidewalk (below). 

Sidereal 

time, day, month, year, 265, 

266. 

Sidew alk, Sidewalks, 
concrete — , 1369, 
cost of — , 1409. 

Siding, Sidings, 
latch—, 827. 
cost of — , 1113 
curves on — , 1080. 
double-^-, 827. 
grades on — , 1077 
la}>— , 828. 


Sifter, Sifters, 

station-order — , 1005 
Sign, Signs, 
for railroads, 
cost of — , 1115. 

Signal, Signals, 
air—, 1042. 
automatic — , 990. 
cost of — , 1118. 
fixed — , 983. 
hoisting — , 580 a*, 
radio time — , 267. 
time — , radio — , 207, 
Signaling, 
railroad — , 982. 
automatic — , 990 
automatic stop — , 991- 
block system, 986. 
electric — , 986. 
for electric railways, 991 
fixed signals, 983. 
hand — , .982. 
interlocking, 988. 
semaphores, 983. 


Signaling, — continued, 
railroad — , continued, 
staff system, 988. 
street railway — , 991, 
transmission mechanism, 985. 
Silica cement, 1224 
Silicate of alumina, 1222. 

Silt, 

cost of dredging — , 581 x. 
dredging, 581. 

Silver, 

coins, etc, 218 
strength of — , 1212. 
weight of — , 214, 219. 

Similar 
beams, 484. 
figures, 484. 
sections, 4 84 
triangles, 880 

Similarity, geometrical — , 92. 

Simple interest, 41. 

Sme, Sines, 97-97 b, 98 
CO—, 97-97 6, ''8. 
coversed — , 97 a. 
logarithmic--, 72, 143 o. 
natural — defined, 97. 

table. 98. 
by slide rule, 77. 
table of — , 98. 
versed — , 97 a. 

Single 

-lino buckets, dredging, 581 g. 

riveting, 772 

ropeway, 580 I, 

rule of three, 39. 

shear, 499, 774. 

Sinking fund, 43. 

Siphon, 520. 

Size, Sizes, 
effective — , 1239. 

Skew 

-bark, 613. 

-bridge, 697. 

Skid, Skids, 580 F. 

Skidding of wheels, 413, 580/, 
580 s. 

Skimmer, excavating, 580 H. 
Skimmer scoop, 580 H. 

Skip, SkipvS, 579 Z. 

Skylight, Skylights, 
cost of — , 1409. 
glass — , 1385. 

Slab, Slabs, 

reinfd cone — , 1290, 1291, 1296, 
1367, 1368, 1369. 

Slacking of lime — , 1217, 1218, 
1223. 

Slack-line cableway, 580 fc. 

Slag, 

ballast, 783. 
cement, 1222, 1224. 
cost of — , 1403. 
granulated — , 783. 

Slaking, 1217, 1218, 1223. 
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Reinforcement, — oontinued. 
disturbance of — , 1307. 
double—, 1295, 1367 
electrolysis in — , 1307. 
expanded metal, 1300. 
friction of — , 1279, 1307. 
lapping of — , 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded — , 1300, 
rib— 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of — , 1307, 137.5. 
placing of — , cost of — , 1377 
proportions, 1307, 1375 
protection of — , 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for — , 1299 
shapes, structural — , for — , 

1301. 

shear in — , 1292, 1294, 1296 
steel for — , 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of — , 1367 
strength of — , 1307. 
stresses in — , 
max — allowed, 1363. 
structural shapes for—, 1301 
supports for — , 1299. 
tension — in top of beam, 1295, 
1367. 

thermal conductivity of — , 1307 
trussed — , 1296, 1301 
types of—, 1278, 129.5, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of — , 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car — , 1055. 


I Reservoir, Reservoirs, 650. 

[ evaporation from — , 329. 
for railroads, 1012. 

Resilience, 460. . 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 g. 
automobile.s, 580 q. 
of cars, 417. 
curve — , 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade — , 1060. 

journal — , 1057 

line of— 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling — , 1057. 

to starting, 1058, 1059. 

tram— 1056, 1070. 

wind — , 1062. 

Resolutes, 369. 

Resolution of force.s, 362, etc 

Rest, relative — , 358. 

Resultant, Resultants, 
of forces, 362. 
line of— , 430, 432. 
of moments, 360. 
of parallel Circes, 382, 399. 
sense of — , 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 

eoncrete — , cost of — , 137**. 

Retardation, 

effect of — on tram resistance, 
1059. 

Revenue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 910. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Rhombohedron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Khurnb-lme, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of — , 1102. 

-multiple, 1102. 
width of — , 1101. 

Rigid bodies, 
force in — , 330, 358. 

Ring, Rings, 

circular, 186, 209 
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Syificifications, — continued, 
for track, 780. 
for trusses, 744, 74r). 
for woodeg bridges, 763. 

Syieod, Speeds. 

Sec also Velocity, 
and energy, 1070. 
records, 

on trains, 1068. 
of teams, 1025, 1030. 
of trains, 1053. 

Spelter, 1208. See Zinc. 

Sphere, Spheres, 204, 205, 208, 
222, 396, 1157, 1159, 1210. 
See also Spherical 
voids between — , 1241 
Spherical 

sector, center of gr..\ity of — , 
396. 

segment, 208 

ce’nter of gravity of — , 39.5. 
shell, 208, 115" 1159 
zone, 208. 

center of gravity of — , 396 
Spheroid, 209. 

center of gravity of — , 395. 
Spigot, 

in pipe joint, 660 
Spike, Spikes, 780, 1406. 
cost of — , 1404. 
driving of — , 818. 
functions of — , 780. 
railroad”, 780, 800, 818. 
functions of — , 780. 
screw — , 802 
tie plugs, 802. 
screw — 802. 

Spiking, 818. 

Spindle 

circular — , 208, 209. 
torsional stress in — , 500. 
Spiral, Spirals, 

American Railway Engng Assn, 
967. 

conveyors, 580 P. 
curves, 966. 
railroad curves, 966. 
rolling stock on — , 1043. 


ten-chord — , 967. 

Splice bar, 798, 806, 818, 819. 
See also Rail, joint, 
timber — , 736 

Sjiout, elephant irunk — , 58' » N 

Spreading of earth, 1025. 

Spring, Springs, 
of arch, 613. 
car and loco — , 1039. 
in foundations, 583. 

-frogs, 831. 

-nut-locks, 809 
-rail frogs, 831. 

Spruce, , „ 

strength of — , 4^76, 499, llo7, 
1138, 1145. 
weight of — , 214, 755. 


Spud, Spuds, 
bank — , 581 h. 
dipper dredge, 581 k. 
dredges, 581 g. 

sub-aqueous rock excav’n, 581 r. 
Spudding, 672. 

Spur, Spiir.s, 
hoi.st, 580 i. 
track, 824. 

Square, Squares. See also Powers 
area, 157. 

equivalents of — in circles, 
161. 

center of gravity of — , 391. 
and circle, relation between — , 
161. 

measure, 222, 233. 
conversion table, 233. 
metric — , 225 
mensuration of — , 157. 
of numbers, table of — , 55 
of radius of gyration, 353 a, 
353 b. 

of roofing, 1381. 
roots, 54. 

of decimals, to find — , 67. 
of diameters, 526. 
of fifth powers, 69. 
of large numbers, to calcu- 
late— 66. 
tables of — , 54. 
sides of—, 157, 161. 
tables of — , 55. 

Squatting of vessels, 581 a. 
Stability, 422, 514, 
of arches, 430, 432, 620. 
of dams, 433, 510. 
frictional — , 409. 
on inclined planes, 424. 
of retaining walls, 603, 

Stable equilibrium, 387, 514. 
Stacker, conveyor — , 580 m. 

Stadia hairs, 293. 

Staff system, signaling, 988. 
Stand pipes, 663. 1012. 

Standard 

railway time, 267. 
wheel loads, 705, etc, 755, etc. 
Standing cable, 580 K. 

Stars, to regulate a watch, etc, 
by — , 266 

Starting resistance, 1058. 

Static frkilon, 407. 

Statics, 330, 358. 
of arch, 430, 432. 
of beams, 437, etc, 466, etc. 
graphic — , 428*431, 435. 
of masoniV aam, 430, 433-436, 
of trusses, 698, etc. 

Station, Stations, 

m curves, 879. 

-order shifters, 1005. 
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Station, Stations. — continued, 
railroad — , 994, 1006. 
back-in — , 1010. 
cost of—, 11 ir,, 1116 
desipn of — , 1007. 
freight—, 1006. 
fuel and water — , 
cost of—, 1116, 1118 
passenger — , 1007. 
transfer — , 1006. 
water — , 1011. 
yards and — , 994 
in railroad curves, 879. 
in surveys, 309. 

Stationary 

dredges, .Iftl 1. 
engines, cost of — , 1410. 
hydraulic dredge, 581 n. 
Statistics, 

railroad — , 1130-3. 
signaling — , 992 
Stave pipe, cost of — , 1426. 

Stays, cable — , 766 
Steady flow, 527. 

Steam 

dredges, 581 1. 

effect of — on concrete, 1306. 
for excavating, etc, 580 77. 
pile drivers, 590, 591. 
pipes, 1164. 
rock-drill, 675. 
shovels, cost of — , 1410. 
supply on trains, 1042 
Steel. See also Iron 
angles, 1178, 1180 
area reduction, 809 
beams, 476, 1174, etc. 
bending tests of — , 1153. 

for concrete, 1363. 

Bessemer — , requirements for — , 
794, 1152, 11,54 
bolts, 1165, 1168. 
in bridges, requirements for — , 
751. 

cars, 1053. 
castings, 

in bridges, 754, 1152 
channels, 1176. 
coefficient of expansion, 810 
columns, 495, etc, 760, 1183, 
etc, 1189, etc See also 
Columns, iron and steel, 
composition of — , 753, 794, 

1152. 

compressibility of — , 460 
compressive strength of — , 

1213. 

in concrete, 1295, 1318, etc. 
See Reinforced concrete, steel 
in — , and Reinforcement, 
cost of — , 1403. 
ductility of — , 460. 
elastic limit of — , 460, 809. 
elastic modulus of — , 460, 
1278. 


Steel, — continued, 
elongation of — , 752, 809, 11.5,3 
11.54, 1155 

(xpaiision by heart, 317, 810 
1278 

forgings, requirements for — 
1153 

framework, specifications for — 
764 

friction of*—, 411. 

I-beams, 1174 See also Beam 

I—. 

manipulation of — , 751. 
manufacture of—, 751, 795, 

1150. 

modulu.s, elastic — of — , 460, 
1278. 

open hearth — , requirements 
for— 794, 1152, 1154. 
pillars See Columns, steel — 
pipe, cost of — , 1412. 
plates, 

buckled, 1167. 
tinned — , 1208. 

rails, 793, etc. See also Rail, 
Rails 

reduction of area of — , 809. 
in reinforced concrete, 1295, 
1318, etc See Reinforced 
concrete, steel in — , and Re- 
inforcement, steel — . 
requirements for — , 751, 794, 
805, 809, 1150, 1152, 1154 
roof trusses, 740. 
rope, 1387, 1388. 
shearing strength of — , 499 
shop work on — , 751 
specifications for — , 794, 795, 
11.50, 1152, 1154, 1363 
strength of — , 476, 499, 500, 
809, 1150, 1152, 1154, 1213 
See also Steel, requirements 
for — . 

stres.se.s in — , 
allowed, 760 

in concrete, 1363. 

.stretch of — , 460. 
structural — , 

elastic limit of — , 460 
elastic modulus of — , 460, 
requirements for — , 1153, 

1154. 

tensile strength of — , 809, 1212 
tests of — See Steel, require- 

ments for — 

for reinforced concrete, 1363 
ties. 789. 

tor.sional strength of — , 500 
transverse strength of — , 476 
weight of — , 214, 755, 1159, 
1160. 

in bridges, 1109. 
wire, 1173. 
rope, 1387, 1388. 

-yard, 383. 
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stepped formula — StreMN. 


ptppppd formula, 
for columns, 498 ft, 1146, 1148. 
l^iorc, 225, 235. 

Stick, (hpper drcdgo, 581 Jc. 
Stiffeners, 748 
Slill-le^' derrick, 580 E. 

Stiffness, 

in beams, 480-486, 1139 
in bridges, 721. 

Stirrups, 

in concrete, 1292, 1296, 1307 
spacing of — , 1367. 
supporting reinforcement. 
1299 

in timber framing, 734. 

Stone, 

as aggregate, 

cost of—, 1305, 1375. 
arch — , 613. 
in arches, quantity, 622. 
artificial — , 1252, *etc, 1361. 
ballast, 783 
bcara.s, 476, 1216. 
bridges, 613. 

centers for — , 631 
broken — , 
as aggregate, 
cost of—, 1305, 1375. 
us ballast, 783. 
cost of — , for concrete, 1375. 
NOids in—, 688. 1253, 1256 
compressive strength of — , 1215 
cost of-, 1403. 

•(rushers, 

■cutlers, day's work of — , 601. 
dams, 400, etc, 430, etc, 433, 
etc, .508, 510 
dressing of — , 661. 
dnlliiig of--, 600. 
clastic limit, etc, of — , 400. 
expansion of — by heat, 317 
friction of—, 411. 
ke>-, 613. 

large - in concrete, 1253, 1258, 
1355. 

1 1 HU I of — , elastic — , 460 
Masonry, cost of-—, 1408. 
siodiiliis of — , clastii — . 460. 
ii'antitv of — , in arches, etc, 
622. 

•niiirrying of — , 600, 601 
random — , 583. 
sctvenitigs. 1215, 1305 
strength of—, 476, 1214. 1215. 
'M'lght of — , 212, etc, 755 
-\vork. 600, 1034. 
mortar re(|uired fnr — , 1243. 
strength of--, 1215 
weight of — , 213. 

^*op, Stops, 
automatic—, 991 
•block, 837 

corporation — for pipes, 6"-?, 
664. 


Stop, Stop.s, — continued. 

-lugs, 837. 

-valves for water pipes, 666, 
Storage reservoirs, 652 . 

“Slraiglvt” air brake, 1041. 
Straight-line formulas, for col* 
umns, 498, 498 a, 761, 1143, 
1144, 1148, 1184, 1187, 1193. 
1196, 1199, 1200 
Strain, Strains, 454, 455. 

Straps, in timber framing, 735. 
Stream, Streams, 
flow in — , 560 

-flow and precipitation, relation 
between — , 323. 
to gauge — , 560. 

Street railway signals, 991. 
Strength, Strengths. See also the 
article, structure or material in 
question. 

compressive — , 454, 1138, 1213 
1215. 


of materials, 454 See also the 
material in question, 
shearing — , 499. 
tensile — , 454, 1137, 1212, 

1214. 


torsional — , 499. 
transverse — , 466, 473, 476, 
478, 1174. 

uniform — , beams and canti- 
levers of — , 486. 

Stress, Stresses, 359-454, etc. 
alternating — , 761 
in beams, 474, 494 a, etc, 1293. 
bearing — , permissible — , 762. 
bending — in bridge members, 
permissible — , 762. 
in bridge, permissible, 759. 
in cantilevers, 474. 
in column latticing, 1204. 
combined longitudinal and 
transverse — , 494. 724, 762. 
compoiicnts of , 371, 454. 
compound- 494, 724, 762 
compressive — , 454. 
diagonal — in beams, 494 a, 
494 e. 1293 
fiber- -, 466, 467, etc 
and deflection, 481 
max — in flat plates, 493. 
permissible, 762 

in bridge trusses. 759, 764. 
in u of trus.ses, 764. 
maximum — , 

in beams, 494 a, 494 e. 
princijial — , 494 r, 494/7. 
range of — , 465. 
in rectangular beams, 468. 
in reinforced concrete beams, 
1283-1291, 1293, 1295. 
repeated — 465. 
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Station, Stations. — continued, 
railroad — , 994, 1006. 
back-in — , 1010. 
cost of—, 11 ir,, 1116 
desipn of — , 1007. 
freight—, 1006. 
fuel and water — , 
cost of—, 1116, 1118 
passenger — , 1007. 
transfer — , 1006. 
water — , 1011. 
yards and — , 994 
in railroad curves, 879. 
in surveys, 309. 

Stationary 

dredges, .Iftl 1. 
engines, cost of — , 1410. 
hydraulic dredge, 581 n. 
Statistics, 

railroad — , 1130-3. 
signaling — , 992 
Stave pipe, cost of — , 1426. 

Stays, cable — , 766 
Steady flow, 527. 

Steam 

dredges, 581 1. 

effect of — on concrete, 1306. 
for excavating, etc, 580 77. 
pile drivers, 590, 591. 
pipes, 1164. 
rock-drill, 675. 
shovels, cost of — , 1410. 
supply on trains, 1042 
Steel. See also Iron 
angles, 1178, 1180 
area reduction, 809 
beams, 476, 1174, etc. 
bending tests of — , 1153. 

for concrete, 1363. 

Bessemer — , requirements for — , 
794, 1152, 11,54 
bolts, 1165, 1168. 
in bridges, requirements for — , 
751. 

cars, 1053. 
castings, 

in bridges, 754, 1152 
channels, 1176. 
coefficient of expansion, 810 
columns, 495, etc, 760, 1183, 
etc, 1189, etc See also 
Columns, iron and steel, 
composition of — , 753, 794, 

1152. 

compressibility of — , 460 
compressive strength of — , 

1213. 

in concrete, 1295, 1318, etc. 
See Reinforced concrete, steel 
in — , and Reinforcement, 
cost of — , 1403. 
ductility of — , 460. 
elastic limit of — , 460, 809. 
elastic modulus of — , 460, 
1278. 


Steel, — continued, 
elongation of — , 752, 809, 11.5,3 
11.54, 1155 

(xpaiision by heart, 317, 810 
1278 

forgings, requirements for — 
1153 

framework, specifications for — 
764 

friction of*—, 411. 

I-beams, 1174 See also Beam 

I—. 

manipulation of — , 751. 
manufacture of—, 751, 795, 

1150. 

modulu.s, elastic — of — , 460, 
1278. 

open hearth — , requirements 
for— 794, 1152, 1154. 
pillars See Columns, steel — 
pipe, cost of — , 1412. 
plates, 

buckled, 1167. 
tinned — , 1208. 

rails, 793, etc. See also Rail, 
Rails 

reduction of area of — , 809. 
in reinforced concrete, 1295, 
1318, etc See Reinforced 
concrete, steel in — , and Re- 
inforcement, steel — . 
requirements for — , 751, 794, 
805, 809, 1150, 1152, 1154 
roof trusses, 740. 
rope, 1387, 1388. 
shearing strength of — , 499 
shop work on — , 751 
specifications for — , 794, 795, 
11.50, 1152, 1154, 1363 
strength of — , 476, 499, 500, 
809, 1150, 1152, 1154, 1213 
See also Steel, requirements 
for — . 

stres.se.s in — , 
allowed, 760 

in concrete, 1363. 

.stretch of — , 460. 
structural — , 

elastic limit of — , 460 
elastic modulus of — , 460, 
requirements for — , 1153, 

1154. 

tensile strength of — , 809, 1212 
tests of — See Steel, require- 

ments for — 

for reinforced concrete, 1363 
ties. 789. 

tor.sional strength of — , 500 
transverse strength of — , 476 
weight of — , 214, 755, 1159, 
1160. 

in bridges, 1109. 
wire, 1173. 
rope, 1387, 1388. 

-yard, 383. 
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Switch, Switches, — continued. 

-ties, 786, 843. 
trailing and facing — , 822. 
Wharton-^-, 827, 842. 
yard — , 1004. 

Sycamore, 

strength of—, 476, 1137, 1138. 
weight of — , 214. 

Sylvester process, 1220, 1273, 

1305. 

Symbols, 

mathematical — , 38. 

Symmetry, 

axis of — , 514. 

Synodic month, 266, 

Syphon, 520 
System, metric — , 225. 

Syst^me ancien, 226, 

Syst&me usuel, 226. 


T 


T, Ts, 

-iron, 1178, 1180. 

-rails, 794. 

•shapes, 353 b, 1178, 1180. 

T C., 874. 

T-bcams, 1290. 

in reinfortcd concrete — , 1367. 
Table, Tables. 

See the subject in question, 
conversion — of units of meas- 
ures, weights, etc, 228. 
transfer — , 996. 
cost of — , 1117. 

Tail towpr, .580 k, 580 L. 

Take-up, bolt conveyor, 580 w. 
Tallow, 214, 415. 

Talus, 612. 

Tamping, 819. 

of ballast, 791, 792. 
of concrete, 1268, 1305, 1357, 
1358, 1378. 

of nitroglycerine, 1394. 
under ties, 791, 792. 

Tangent, Tangents, 

of angles, 97, 97 a, 97 6. 
to circles, 162, 

-distances, 874, 875. 
to an ellipse, to draw — , 189. 
logarithmic — , 72. 
natural — , 97, 97 a, 97 h. 
table of—, 98, 


•offset, 875, 892. 
to a parabola, to draw — , 193. 
in railroad curves, 874, 875, 
891, 904, 905, 916, 918, 920. 
See Semitangent. 


•screw, 293, 807. 
by slide rule, 77. 
table of — , 98. 
Tangential, 


angles, 875. 
component, 369. 


stress, 454. 


Tank, Tanks, 
cost of — , 1116. 
thickness of — , 506. 
track — , 1013. 
water — , 1011. 

Tannin, 

with zinc-chloride, 787. 

Tapes, surveying — , 282, 
cost of — , 1411. 

Tapping 

machines, pipe — , cost, 1409. 
of pipes, 657, 664. 
of trees, 

effect of — on timber, 1137. 
Tar 

coal—, 327, 328. 

felt and pitch — , cost, 1408. 

weight of — , 214, 

Target, Targets, 

range — , dredging, 581 v. 
switch — , 840. 

Team, Teams, 

delivery yards, 1006, 1007. 
speed of—, 1025, 1030. 

Teeth; see Tooth, Teeth. 
Telegraph, Telegraphs, 
block system, 987. 
lines, cost of, — 111'^, 1118. 
Telephone, 

in signaling, 987. 

Temiierature, Temperatures, 317. 
See also Heat, 
of air, 320. 

altitude, effect of — on — , 32 
■corrections for tapes, 283. 
effect of — , on evaporation, 32 
metals, etc, 317. 
strength of iron, 1156. 
surveying chains, 274, 283. 
velocity of sound, 316. 
weight of water, 326. 
subterranean — , 320. 
thermometers, 318. 

Ten-chord spiral, 967. 

Tender, Tenders, 1013. 

-scoop, 1013. 
weight of — , 1044. 

Tensile 

strength, 454, 1137, 1212, 121 
See also the material, etc, i 
question. 

Tensile stress, 454. 

Tension, 454. 

and compression, 359. 
members, 722, 732, 746. 
flexible and rigid — , 721. 
net section of — , 759. 
in tapes, 282. 

Teredo, 1134. 

Terminus, Termini, 
rapid-transit — , 1010. 

Teme plates, 1208. 

Terra-cotta pipes, 575. 
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Test — Timber. 


Test, Tests, 

bendniR — of iron and steel, 
1153 

-bormps, 582, 670, etc. 
of (‘onipleted bridges, 753 
of cement, 1228, 1229, 1232, 
1234, 1248, 1354. 
of concrete, 1368 
of full-size eye-bars, 753. 
of models, 478. 

-pieces, iron and steel — , 1150 

of rails, 795. 
for steel, 

mfrs’ standard — , 1154, 1155 
Testing machine 
for cement.^, 1230. 

Tetmajer’s column formula, 498 a. 
498 h. 

Tetrahedron, 194. 

Thacher bar, 1299. 

Thawing, 

effect of — on cement, 1221 
of turnouts, 845. 

Theodolite, 296. 
cost of--. 1411. 

Thermal conductivity, 1306, i:’.07. 
Thermometers, 318 
cost of--, 1411 

Thin partition, flow through — , 
541. 

Third, 

middle — , 402. 
proportional, 38 
Thoroughfare tracks, 1006. 
h lircad, TJin'ads, 
screw — , 1105. 

Three 

-position signals, 984. 
rule of — , 39. 

-throw suitch, 823. 

-throw turnout. 823, 870. 

-way .switdi, 823 
-way turnout, 823, 870. 

Throat, frog — , 828. 

Through fru.sses, 092. 

Throw, .switch — , 853. 

Ihru.st, 

ill arch, 430, 432 
-line, 4 : 50 , 432, 434-436. 

Tides, 328. 

Tie, Ties, 
bars, 837. 
land—, 612. 

■plates, 780, 803, 804. 

cost of ,1412. 
plugs, 802 

railroad — , 780, 784, 815, etc 
in ballast, 784. 
bark on — , 788. 

Carnegie — , 790. 
channel — , 791, 792. 
composite — , 792. 
concrete—, 792. 
conservation of — , 785, 787. 
cost of-, 1412. 


Tie, Ties, — continued, 
railroad, — continued, 
creosoting, 787, 788. 
crossing — , 847 *' 

cutting of — , b.\ rails, 785, 
cutting timber for — , 788. 
dating nails for—, 788. 
definitions, 784. 
dimen.sions of — . 786 
functions of—, 780, 784. 
inspection of — , 820. 
laying of — , 785. 
life of—, 788 
piling of — , 788. 
plates, 780 
l>lugs, 802. 

jireservatives for — , 787. 
renewal of — , 821, 1112. 

-rods, 837 
seasoning of — , 788 
spacing of — , 787, 844, 1112. 
steel — , 789-792 
Carnegie — , 790, 
insulation of — , 790. 
substitute — , 789. 
switch^ — , 786, 843 
tamping under — , 785. 
treated—, 

life of— 788. 
trough — , 791, 792. 
turnout—, 843. 

timber bill, 844. 
volume of 786. 
wood for- , 786. 
zinc-chIorid<* treatment for — 
787. 

-rods in concrete forms, 1357 
and struts, criterion for--, 359, 
699 

in trusses, 689. 

Tierce, 223. 

Tiling, cost of — , 14f)3. 

Tilting, (learauce for — , 1043. 

Timber, Timbers. See also Wood, 
Wooden, Hearn, Column, Bridge, 
etc. 

bark on—, 788 
bled — , strength of — , 1137. 
board meaMire, table of — , 269 
(h'aring, ro.st of — , 11 '*4^ 
con.servatuyi of—, 785, 787. 
cost of- -, 1402. 
creosoting of — , 787, 788. 
culture of — •, 788. 
cutting of—, 788. 
dams, 642. 
decay of 1134. 
ductilit} of — , 459. 
fire prevention, 788. 
powth of — , rate of — , 788. 
joints, 733, etc 
prc.servation of — , 1184. 
preservatives for — , 7*^7. 
requirements for— , 754, 769, 
764. 
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Tl nibet — Train, 


Timber, Timbers, — continned. 
strength of — , 476, 499, 500, 
760, 764, 1137, 1138. 
supply of—, 

conservation of — , 785, 787. 
treated — , 

life of—, 788. 
in trestles, 1110. 
zinc-chloride treatment for — , 
787. 

Time, Times, 26''' 

-intevviil. Iriiiii — , 986. 
local—, 287. 

-piece, to regulate — by stars, 
266. 

records, on trains, 1068. 
signals, liidio — , 267 
standard railway , 267. 
sludu's, contractors oqui])'!, 
580 \V. 

units of — , conversion of 
■ 236. 

Tin, 317, 460. 1208. 
leaded—, 1208. 
plates, cost or — , 1409. 
roofing, 1208. 
trength of, 1212, 1213. 
weight of — , 215, 1159. 

'lire, Tires, 

automobile — , 580 /. 
dual — , 580 (t. 
railroad — , 1040. 

Toggle joint, 427. 

’’’’oise, 226. 

Ton, 210, 220. 

of coal, volume of — , 215, 222. 
(224(X lbs), equivalents of — , 
236. 

net — 216. 

T melada, 227. 

Tongue, 

fro , — 829. 

Tonite, 1397. 

Tonne, or metric ton, 226, 236. 
Tonneau, 226. 

Tools, 

cost of — , 1409. 
wear of — , 1025. 

Tooth, Teeth, 
bucket — , 581 fc. 
dipjH’r — , 580 a. 
grapjile dredges, 581 e. 
shovel — , 580 a. 

Top heading, 1036. 

Torpedoes, 

intro-glycerine — , 1394. 
signals, 982. 

Torsion, 454, 499. 

Tower, Towers, 
cableway, 580 Ic. 
cableway — , 580 L, 
excavator for dredging, 581 c. 
head — , .580 L. 
material hoist — , 580 j. 
tail — , 580 L. 
valve--, 652. 

100 


Towne lattice truss, 694. 

Tracing cloth and paper, 1389. 
cost of — , 1412. 

Track, Tracks, 780-821. 

ballast, 783. See also Ballast. 
bolt«, 809. 
cable, 5.SO K. 

-circuit, 988, 989. 
classification of — , 781, 1005. 
clearance between — , 825. 
construction of — , 780. 
cost of— 1112, 1113, 1114 
elevation of — , cost of—, 1124. 
gauntlet — , 824. 
illiiininatHtn of — , 1006. 
industrial railwaj — , 580 Ab 
-instruments, signaling — , 988. 
intervolved — , 824. 
ladder—, 1005. 

-laying, 814, 815, 818. 
cost of—, 1113, 1114. 
machines, 818. 
leveling of- , 819. 

-mile, defined, 1095. 
railroad — , 780-821. 

-recording, 821. 

•scales, 824, 1003, 
cost of — , 1115. 
spacing of — , 825, 
specifications for — , 780. 
•Burfacing, 820. 

cost of—, 1113, 1114. 

-lank, 1013. 
thoroughfare — , 1006. 

-trough, 1013. 

Y— , 825. 
in yards, 995. 

Trackwork, 

cost of—, 1112-4. 

Traction, 683. 
cable, 580 k. 
of horses, 683, 685. 

Tractive, 

effort, see Tractive force, 
force. 1044, 1056, 1070. 

and gniiie length, 1076. 
industrial lofoniotives, 580 /S', 
measurement of — , 1067'. 

Tractor, Tractors, 580 /t. 

-trucks, 580 r. 

Trailbuilders, 580 T. 

Trailer. Trailers, 580 /S', 
cost of — , 1410. 
semi-, 580 r. 

Trailing .spud, 581 fe. 

Train, Trains, 

accelerations of — , 1063, 1064 
measurement of — , 1068. 
centrifugal force of — , 758. 
construction — , 814, 

•control, signaling, 990. 
drag of — on bridge, 758. 
dynamics, 1070. 
earthwork by — , 1031. 
ener^ of — , 1070. 
inertia of — , 1063. 
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Test, Tests, 

bendniR — of iron and steel, 
1153 

-bormps, 582, 670, etc. 
of (‘onipleted bridges, 753 
of cement, 1228, 1229, 1232, 
1234, 1248, 1354. 
of concrete, 1368 
of full-size eye-bars, 753. 
of models, 478. 

-pieces, iron and steel — , 1150 

of rails, 795. 
for steel, 

mfrs’ standard — , 1154, 1155 
Testing machine 
for cement.^, 1230. 

Tetmajer’s column formula, 498 a. 
498 h. 

Tetrahedron, 194. 

Thacher bar, 1299. 

Thawing, 

effect of — on cement, 1221 
of turnouts, 845. 

Theodolite, 296. 
cost of--. 1411. 

Thermal conductivity, 1306, i:’.07. 
Thermometers, 318 
cost of--, 1411 

Thin partition, flow through — , 
541. 

Third, 

middle — , 402. 
proportional, 38 
Thoroughfare tracks, 1006. 
h lircad, TJin'ads, 
screw — , 1105. 

Three 

-position signals, 984. 
rule of — , 39. 

-throw suitch, 823. 

-throw turnout. 823, 870. 

-way .switdi, 823 
-way turnout, 823, 870. 

Throat, frog — , 828. 

Through fru.sses, 092. 

Throw, .switch — , 853. 

Ihru.st, 

ill arch, 430, 432 
-line, 4 : 50 , 432, 434-436. 

Tides, 328. 

Tie, Ties, 
bars, 837. 
land—, 612. 

■plates, 780, 803, 804. 

cost of ,1412. 
plugs, 802 

railroad — , 780, 784, 815, etc 
in ballast, 784. 
bark on — , 788. 

Carnegie — , 790. 
channel — , 791, 792. 
composite — , 792. 
concrete—, 792. 
conservation of — , 785, 787. 
cost of-, 1412. 


Tie, Ties, — continued, 
railroad, — continued, 
creosoting, 787, 788. 
crossing — , 847 *' 

cutting of — , b.\ rails, 785, 
cutting timber for — , 788. 
dating nails for—, 788. 
definitions, 784. 
dimen.sions of — . 786 
functions of—, 780, 784. 
inspection of — , 820. 
laying of — , 785. 
life of—, 788 
piling of — , 788. 
plates, 780 
l>lugs, 802. 

jireservatives for — , 787. 
renewal of — , 821, 1112. 

-rods, 837 
seasoning of — , 788 
spacing of — , 787, 844, 1112. 
steel — , 789-792 
Carnegie — , 790, 
insulation of — , 790. 
substitute — , 789. 
switch^ — , 786, 843 
tamping under — , 785. 
treated—, 

life of— 788. 
trough — , 791, 792. 
turnout—, 843. 

timber bill, 844. 
volume of 786. 
wood for- , 786. 
zinc-chIorid<* treatment for — 
787. 

-rods in concrete forms, 1357 
and struts, criterion for--, 359, 
699 

in trusses, 689. 

Tierce, 223. 

Tiling, cost of — , 14f)3. 

Tilting, (learauce for — , 1043. 

Timber, Timbers. See also Wood, 
Wooden, Hearn, Column, Bridge, 
etc. 

bark on—, 788 
bled — , strength of — , 1137. 
board meaMire, table of — , 269 
(h'aring, ro.st of — , 11 '*4^ 
con.servatuyi of—, 785, 787. 
cost of- -, 1402. 
creosoting of — , 787, 788. 
culture of — •, 788. 
cutting of—, 788. 
dams, 642. 
decay of 1134. 
ductilit} of — , 459. 
fire prevention, 788. 
powth of — , rate of — , 788. 
joints, 733, etc 
prc.servation of — , 1184. 
preservatives for — , 7*^7. 
requirements for— , 754, 769, 
764. 
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Truss— Unit. 


Truss, Trusses, — continued. 

Howe — , 

cost of — , 1111. 
loads onr— , moving — , 690, 

705, 709, 726, 755, 1039. etc. 
members, stresses in — , 698. 
moments in — , 440, 443. 
moving loads on — , 690, 705, 
709, 726, 755, 1039, etc. 
rafters of — , 691, 713, etc. 
reaction ; in — , 439. 
reinforcement, 1296, 1301. 
roof — , 

loads on — , 764. 
speciflrafions for — , 764. 
weight of — , 713, 741. 
specifications for — , 744, 745, 
764. 

tension and compression mem- 
bers of — , 120.5. 

.weights of — , 731, 738. 
wt. of rcMf— , 713, 741. 
Trussed 
bar. 1301. 

reinforcement, 1296. 1301. 
Tube, Tubes. See also Pipes, 
Vlow, etc. 
boiler—, 1164. 

brass seamless drawn — , 1211 
bubble — , to replace — , 296. 
copper seamless drawn — , 1211 
flow in — , 516. 
iron — , 1164. 

Pitot’s — , 536, 561. 
pressure of water in — , 511, 
518. 

seamless — , 1.11. 
short--, flow through — , 540. 
welded — , 1164. 

Tubular boilers, cost of — , 1409. 
Tun, 216, 223. 

Tunnel, Tunnels, 1036 
clearance in — , 1042. 
cost of — , 1107. 

Turf, 

weight of — , 215. 

1’iimhuchles, cost of — , 1404. 
Turner, C. A. V.—, 

mushroom system, 1302. 
Turnout, Turnouts, 

Am Ry Eugng Assn, 864. 
closures in -, 864, B6P, 873. 
cost of — , 1113, 1114. 

-curve, 823. 
from curve, 873. 
derailing—, 825, 826, 988. 


diamond — , 82.5, 867. 
dimensions of — , 862, 864. 

Am Ry Engng Assn, 364. 
double — , 823, 858. 
equilateral — , 825, 867. 
frogs, 828. 
gauge in — , 828. 
geometry of — , 848. 


Turnout, Turnouts,— continued, 
lateral — , 866. 
lead, 852, 868, 873. 
left- and right-hand, 822. 
radius of — , 860, 868, etc. 
rails for — , bending of — , 815. 
right- and left-hand — , 822. 
sharpness of — , 852, 868, etc. 
switch. See Switch, Switches, 
three-throw — , 823. 
ties, 843. 

timber bill, 844. 

Turnover buckets, 579 z. 

'rurniuke, grades on — , 255. 

Turntable, Turntables, 
for automobiles, 580 s. 
railroad — , 996. 
co.st of — , 1116. 

Turpentine, 1137, 1383. 
cost of — , 1402. 

Twaddell hydrometer, 211. 

Tympan, 687. 

Typical wheel loads, 705, etc, 755, 
etc. 


V 

tr. S. See United States, below. 
Ultimate stress, 456. 

Undecagon, 148. 

Underdrains, 
railroad — , 782. 

Underground railroads, 
cost of — , 1124. 

Undermining, siib-aqueous rock 
excavation, 581 s. 

Ungula, cylindrie, 199, 397. 
Uniform, 

live load, 705. 
loads, 

deflections under — , 485. 
influence diagram for — , 703. 
moments due to — , 444. 
shears due to — , in beams, 
447. 

strength, in beams and canti- 
levers, 486. 
velocity, 331. 

Uniformity eoofllcient, 1239, 1303. 
Union Pacific R R, 
track specifications, 780. 

Unit, Units, 
adhesion, 1294. 

convii iion tables of — , 228-253. 
of force, 338, 358. 

-frame, 1301. 

of measures, weights, etc, con- 
version tables of — , 228-253. 
method, dredging comp’ns, 

581 w. 

of moment of inertia, 468. 
pressures, conversion of — i 240. 
of rate of work, 341. 
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Unit— Vertical. 


Unit, Units,— continued, 

shear, 494 e. 

in reinfd cone beams, 1293. 
stress, 456, 458, 467. 
stretch, 457, 458. 
of work, 341, 

United States, 
coins of — , 219. 
gallon, 223, 224, 234. 
isoponic chart, 300-1. 
rnea.sures, 223. 
precipitation in — , 322, 

.standard dimensions of bolts, 
etc, 116.5. 

Universal dredpes, 581 s. 
Unstable equilibrium, 387, 514. 
Unsymmetrical loading, 690 
Ujiper chord, 723, 733. 

Upper culmination, 284. 

Upset rods, 1168 

Ursa major and minor, 285. 


V 

Vacuum 
brake, 1042 
convenor, 580 P. 
lifters, 579 Z. 

Vacuum process for sinking cylin- 
ders, .'96 

Valuation, Valuations, 
railroad — , 1095. 

for assessment, 1122, 
statistics, 1122. 

Value, Values, 

per length, surface, time, vol- 
ume, weight, work, etc, con- 
^ version of units of — , 246, 
' etc. 

pre.sent — , 42, 44. 

Valve, Valves, 
air — , 662. 
co.st of — , 1416. 

-tower, 652. 

for water pipes, 666, 667, 
Vara, 227. 

Variation, 

of compass, 301. 
line of no — 300. 
magnetic — , 301, 
vernier, 296, 

Varnish, cost of — , 1402. 
Vegetation, 

in reservoirs, 652. 

Vehicle, Vehicles, 580 p. 

friction of — , 414. 

Vein, 

contracted — , 541. 

Velocity, 

accelerated — , 331. 
through adjutages, 540. 
angular — , 351. 
of apjiroach, 556. 
in chuiiiiel.s, 560. 


Velocity, — continued, 
critical — , 415. 
defined, 331. 

effect of — on frictian, 412 
of falling bodies, 348, 539. 
of flow', in liquids, 
for abrasion, 577. 
through adjutages, 540. 
of approach, 556. 
in channeiji, 560. 

Bazin’s formula, 563. 
expoteiitial fonmilas, 529. 
Kiitter’s formula. 564. 
Chezy formula, 528. 
critical — , 415. 
distribution in cross section, 
527. 

due to a given head, 539. 
effect of - on friction, 528. 
-head, 516. 

Kutter’s formula for — , 523, 
564. 

mean — , 522, 527, 528, 560. 
through orifices, .539, 546. 
in pipes, 516, etc., 529. 
in rivers, 560. 
in sewers, 574. 
in short tubes, 540. 

-head, 516, 106,5. 

on inclined planes, 349. 

mean — , .522, 527, 528, 560. 

through orifices, 539, 546. 

in pipe.s, 516, etc , 529. 

retarded — , 331. 

in rivers, 560. 

in sewers. 574, 

in short tubes, 540. 

of sound, 316. 

tram — , 

effect of — on train rosistaiiee 
1059, 1062. 
and grade, 1071. 

-head, 1065. 
virtual — , 1070. 
uniform — , 331. 
units of — , conversion of— , 
242. 

virtual — , 1070. 
of wind, 321. 

Vena contractu, 541. 

Ventilation, 

air, quantity of — required, 
320. 

Venturi meter, 532, etc. 

Vernier, 293. 
variation of — , 296. 

Versed sine, 97 a. 

Verst, 227. 

Vortex, Vertices, 

in railroad curves, 875. 
Vertical, Verticals, 
of buoyancy, 514. 
circle, astronomy, 284. 
curv'c.s, 1077. 
defined, 92. 
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\ ertlenl — ^VVatcr. 


rtical, Verticals,— continued, 
of equilibrium, 514. 
of flotation, 514. 
shear, 494 f, 494 e. 

>ssel, Vessels, 
uir — , 663. 

contents of — , 198, 223. 
floating—, 514, 515. 
metallic — . effect of water on—, 
327, 1209. 

aduct. Viaducts. hee also 

Trestles and IVusses. 

erection of — , 743. 

ibration, 350. 

ieat needle, 1246. 

iiiculum, 33 

irtiial, 

grade, 1071. 
head, 53'l, 1070, 1071 
profile, 1071. 
v«lo( ity, 1070. 

IS viva, 343. 

1 In tied 

bnck, cost of — . 1403 
1)1 pe, 575, 1426. 

Milverts, 1110. 

Old, Voids, , ^ 

111 broken stone, 688, l-.>3, 

1256. . . 

in concrete, 1256, 130o 
in rubble, 1023, 1217 
in sand, 214, 1240, 1303. 

(ilunie. Volunv^s, 

of air, weights of—, conversion 
of—, 242. 

constancy of— (soundness), 

1229, 1230 1232, 1234, 

1237. 1244, 1247, 1304, 

1305. 

dredging, 58 J u 
& eqii valent depths, 2ol 
increase in—, dredging, oHl w. 
per .surface per time, 
units of—, 

conversion of—, 
equivalent velocities, 252. 
jmr surface, units of ’ 239. 
per time, units of — »,243. 
unit — , conversion of — , 234. 
of unit weights of air, 242. 
of water, weights of — , 24 J. 
Voussoir, 613. 


w 

Wagon, Wagons, 580 Q. 
friction of— ,414. 
(trailers), 580^. 
Walker, (cxi .ivator), 580 
Walking 

on the sjuids, 581 </ 
spud, 581 k. 

Wall, Walls, 
battered — , 605. 


Wall, Walls,— continued. 

bricks, number of — in a sq ft 
of—, 1217-1219. 
concrete, forms for — , 1264, 
cost of—, 601, 602. 
dam — , 508. 
face — , 603. 
foundations for — , 582. 
incrustation of — , 1221, 1249. 
to resist water pressure, 508. 
retaining — , 603. 
concrete — , 

cost of — , 1378 
soap wash for — , 1220, 
spandrel — , 613 
stability of — , 508, 606. 
surcharged — , 605, etc. 
water, 

to resist pressure of — , 508 
wharf—, 515, 611 
wing — , 624. 

strength of — , 476, 1137, 1138 
\veight of — , 215 
Warren truss, 692. 

Washer, Washers, 1165. 

lock-nut — , 1167. 

Wash borings, dredging, 581 v. 
Washes for walls, 1220, 1383 
Washing, 

of concrete, cost of — , 1376, 

1378 

Waste motions, 580 Tf. 

Waste of water, 649. 

Watch, to regulate-, by the stars, 
266. 

Water, 326 See also lipea, 
Plow, etc. 

for boilers, 327, . 

boiling — , to measure heights 
by — , 314 

brick w'ork. to render impervi- 
ous to---, 1220 
buoy an cj, 513 
cisterns, 1011-1013. 

-column, 1012 
compensation — , 653. 
composition of — , 326. 
compressibility of — , 326. 
in concrete See under Con- 
crete, water — 
concrete under — . 

See C-nicrete, placing, 
consumption of — , 649 
corrosion by — , 327, 594. 
dams for — , 508, 642. 
effect of — , 

on dynamite, 1396. 
on iron, 327, 328, 594, 1218. 
on lime, 1217, 1218. 
on metals, 327, 328, 1218. 
on wood, 328. 
zinc on — , 328, 1209. 
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Water 

Water, — continued, 
evaporation of — , 329. 
for fire protection, 650. 
flow of — , 516, etc. See also 
Flow. 

foot of — , etc (press\ire), equiv- 
alents of — , 240. 
foundations in — , 583. 
freezing of — , 326, 328 
head of—, 258-260, 516 
-jets, 

hydraulic dredge, 581 q. 
pile driving, 595, 
leakage of — , 329, 561, 642, 
649, 651. 

for locomotives, 327, 1012. 
meters, 532, 536, 662, 649. 

cost of — , 1412. 
mixing — , 1235, 1245. 
pipes, 653, etc. 

in pipes. See Pipes, Velocity, 
Flow, Discharge, Pressure, 
etc. 

-pressure, 501, etc, 518. 
in cylinders, 511 
in pipes, 511, 518. 
planks, to resi.st — , 586, 648. 
of still — , 501, etc 
wall to resist — , 508. 
-proofing. See Waterproofing, 
below. 

quantity required in mortar, 
1245. See under Mortar 
ram — , 322, 327. 

•ram, 513, 663, 668. 
salt — , effect of — on metals, 
327. 594. 

sea— 326, 328, 594. 
effect of — , 

on concrete, 1250, 1276, 
1304, 1306 
on mortar, 1250 
stations, 1011. 

cost of—, 1116, 1118. 
storage of — , 650, etc. 
supply, 322, 649. 

for hydraulic king, 580 V. 
traction on — , 683 
velocity of — , 516, etc See also 
Velocity. 

volumes of unit weight of — , 
conversion of — , 242. 
walls to resist pressure of — , 
508, 515. 
waste of — , 649. 

-way, contraction of — , 575 

623. 

weight of — , 241, 326. 
in pipes, 525. 
of unit volumes of — , 241, 
works, 649, 
depreciation of — , 45, 


-Well. 

Waterproofing, 

asphalt, 1220. See also Con- 
crete, permeability, 
for walls, 1220. • 

Watt, 

equivalents of — , 245. 

-hour, equivalents of — , 237. 
Wax, weight of — , 215. 

Way, maintenance of — , 820. 
Wear, 

of tools, 1025. 

Web, Webs, 

-members, 689. 
in plate girders, 748. 

-plates, permissible shear in — , 
762. 

reinforcement, 1300, 1367. 
strc.sses, 702. 
live-load — , 706. 

Wedge, Wedges, 
mensuration of — , 203. 
striking — for centers, 631, 
632, 640. 

Week, Weeks, 236, 265. 

Weight, Weights, 212. See also 
the article in question, 
of bridges, 731, 738. 
of centers for arches, 639. 
of crowd, 726. 

on driving wheels, 705, etc, 755, 
etc. 

French — , old — , 226. 
International. Bureau of — and 
Measures, 217 
per length, units of — , 239. 
and measures, 216 . 

conversion tables of units of 
— , 228. 

metric — , 217, 226, 228, etc 
roof trusses, 713, 741. 

Russian — , 227. 
scow measurement, dredging, 
581 u. 

Spanish — , 227. 
of substances, table of — , 212 
See also the substance in 
question. 

per surface unit, 
units of — >, 240. 
trusses, 731, 738. 

roof—, 713, 741. 
unit — , conversion of — , 235 
of unit volumes of water, 241. 
per volume unit, units of — 
241 

Weir, Weirs, 547. 

discharge, formulae for — , 549 
measuring — , 547, 646. 
submerged — , 554. 

Weisbach formula, 
for friction head, 528. 

Welded wire, 1300, 

Well, Wells, 
artesian — , 671, 
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Well — ^Wooden. 


Well, Wells, — continued. 

•boring, 670. 
contents of — , 197. 
machinery, of — , 1411. 

masonry, quantity of — in walls 
of—, 198 

Wellhouse process, 1135. 

Western elongation, 284. 

Westing, 274. 

Wet perimeter. 523, 563. 

W^harton swirch, 842. 
for derailing, 827. 

Wheel, Wheels, 

-barrows, 580 p, 1027. 1034. 
base, 1044, 1062. 
car — , 1040. 

coning of — , 1061. 
centrifugal force in — , 355. 
under cranes, etc, 580/. 


diagram, 706. 


driving — , 

loads on — , 7 ‘'5, etc, lo. 
guards, 750. 

, etc 

inertia of — , 1064 
loads, 705, etc, 755, etc 
for turntables, 998 
meters, 562. 

Persian — , 687. 
and pinions, 420. 
scrapers, 580 T, 1029. 


cost of — , 1410. 


skidding. 413. 580/, 580 if. 
sliding, 413, 580/, 580 « 
slipping, ‘il3, 580/, 580 .V. 
tread — , 590, 686. 
tread of—, 1040. 


water — , 578. 

Wheeled scrapers, see 

Wheel 

scrapers. 


Whipple truss, 694. 

White 

1221, 

efflorescence on walls. 


1249. 

lead paint, 1382. 

Portland cement, 1225. 

-wash, 1384. 

Whitworth screw thread, e^c llb.> 
Wilhams-IIazen fonmila, 529. 
Winch, W'inches, 580,/, 686. 

cost of- — , 1410. 

Wind, 321. 
loads, 710, 764 
-mills, 1012. 

-pressnre on roofs, 321, 764. 
resistance, 1062. 
on roof trusses, 713 
stresses, 710, 758, 

Wine measure, 223. 

Wing, Wings, 
rails, 829. 830. 
walls, 624. 

Wire, 1169-1173. 

cable, 580 D. ^ , 

circular measurement or— 

1171 . 


Wire, — continued, 
cost of — , 1406. 
fence, 1406, 
gauges, 1169-1173. 

-glass, cost of — , 1403. 
iron — , 1173. 

-lath, 1300. 

rope, 580 D, 1387, 1388 
steel — , 1173. 
strength of—, 1212 
welded — , 1300 

W5hler’s law, 465. 

Wood, 

See also Timber, Wooden, etc 
blocks, cost of — , 1402. 
board measure, table of — , 269. 
compres-sibility of — , 460. 
compressive strength of — , 1138. 
conservation of — , 785, 787. 
cord of — , 234. 
cost of — , 1402. 
creosoting of — , 787, 788 
decay of — , 328, 1218. 
ductility of — , 460. 
effect of lime and mortar on — , 


1218. 

effect of water on — , 328. 
elastic limit of — , 460. 
elastic modulus of — , 460. 
expansion of — by heat, 317. 
friction of — , 411. 
limit of — , elastic — , 460. 
modulus of — , elastic — , 460 
pipe, cost of — , 1415. 
preservation of — , 1218, 1134. 
preservatives for — , 187. 
shearing strength of—, 499. 
shingles, 1382. 
specific gravity of — , 
stave pipe—, cost of — , 1426 
strength of — , 476, 499, oOO, 
760, 764, 1137-1149 
stresses in — , 

permissible — 760, 764 

stretch of- 460 
tensile strength of — , 1137. 
for ties, 786. 

torsional strength of—, 500 

afrpnpth OI — . 476, 


1139. 
treated — , 

life of — , 788. 
weight of — , 212, 213, 755. 
zinc-chloride treatment of— 

787. 

Wooden. See also Wood, 
beams, 476, 760, 762, 764, 

1139, 1142. 
bridges, 732, etc, 763. 
columns, 761, 763, 1143. 


joints, 734. 

pillars, 761, 763, 1143. 
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W ooden con tin iied. 
pipes, 657. 

cost of — , 1426 
roof trusses, 716, 732, 742. 
stave pipe, ! 

Worcester, J R — , cohiiun for- 
mula, 498 b. 

Work. 341. 

on curves. 1077 
equivalence of — , in trusse.s, 
718. 

and force, relation betwecui — , 
341. 

of friction, 418 
on grades, 1075 
and heat, conversion of units of 
— , 237. 

linear rate of — (force), 341 
and power, relation between — 
345. 

rate of — , unit of — , 342 

of resilience, 460. 

time rate of — (power). 345. 

conversion of units of — , 244 
units of — , 341. 
useful — , 342 

per volume unit, units of -, 
245. 

Worm, 

hoist, 580 i. 
sea — , 1134. 

Worth, present — , 42, 44. 

Wreck, Wrecks. 

dredging, .581 a. 

Wrecking outfits, 1055 
Wrought iron See also under the 
article or structure in question 
bars, 1159, 1160. 
for bridges, requirements of — , 
754. 

compressive strength of — , 1213 
elastic limit of — , 460, 11.52 
elastic modulus of — , 460. 
expansion of — by heat, 274, 
317. 

friction of — , 411. 
modulus of — , elastic — , 460. 
pipes, 526, 656, 657, 1164. 
pipe, cost of — , 141.5. 
requirements of — , 805, 1152 
shearing strength of — . 499. 
strength of — , 476, 499, 500, 
1152, 1212, 1213 
tensile strength of — , 1152, 

1212. 

torsional strength of — , 500. 
transverse strength of — , 476. 
tubes, weights of — , 1164. 
water pipe, 656. 


Wrought iron,— continued. 

weight of—, 2J3, 7.55, 1159 
1164. 

Y 

Y-level, 306 
Y-tracks. 825. 

Yard, Yards, 216, 220. 
clas'-itication, RK, lf)02 
cubii — , 

eartlnvork, 1014. 
equunleiits of — . 222. 
equivalents of--, 232. 
forwarding — , 100,5. 
freight — , 1006. 
ladders, 871. 
receiving — , (RR), 995. 
railroad — , 994-1 010. 

cost of — , 1117 
service — , (RR), 995. . 
shoi>--. (RR), 996 
stations, (RR), 994. 

Year, Years, 
civil — , 226. 
equivalents of — , 236. 
sidereal — , 266, 

Yellow pine. See under Pine. 
Yield point, 455, 460, 1151, UTk 

z 


Z-har, 1183-1185 

columns, 353 5, 1183-1181 

1191. 

flooring — , 1206 
Zenith, 284 
Zinc, 1208. 

-chloride treatment, 
for timber, 787. 
corrosion of — , 328. 

-creosote. 787, 788. 
effect of cenient. mortar, etc., c 
— , 1218, 1304. 
effect of — on water, 1209 
effect of water on — , 328. 
expansion of — by heat, 317. 
oxide, cost of — , 1402. 
paint, 1382. 
paint on — , 1162. 
roofing, 1208. 
sheets, 120^. . 
strength of — , 1212, 1213. 
weight of — , 215, 1157, ll-» 
1160, 1169. 

Zone, Zones, 


circular — , 186. 
of circular sjundle, 209. 
parabolic — , 192, 209. 
spherical — , 208. . 

center of gravity of—, 


TllK END. 










